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ABSTRACT 

/II 
, ' • 

Systematic observations on belugas (Delphinapterus leucas) occupying 

th~ Nastapoka Riyer in eastern ~udson 'ay were c~n~~d during t~e summers 
, , 

o'f 1983 and 1984. The -highest herd countk:in 19'83 and 1984 were 245 and 260 

respectively. Neonates represented 19.27. of the herd in 1984. Durin& the 
u 

samé" year, tble male to female adult sex ratio was estima~ed ta he 1: 4 ~" 

Whales id~~tified using nafüral marks and scars were seen _both ye@rs, and 

throughout a same season. In 1984, ~ minimum average daily presence in the 

estuary ~ 307. wa~ calcuhted for 24 of the most conspicuous~y ~ marked 

wha+es. ~erage recovery periods of 40 and 24 hours were requirid for the 

whales to reoccupy the estuary after disturbances from~ts and motor traf-.... 

fic.respectively. 
, , 

The distribution of belugas in the estuary was found ta be influenced 

mainly gy the tide. The behavior of whales was found to be mainly ibflu-

enced by the total number of whales. Age of whales was shGWU ~o be the most 
o 

important factor in d~scriminating between classes ~f behav~or~ 

The ,groups faund in the estuary were segregated p~rtly aoçordxng ta 

age of individuals; the mixed age and the similar groups (adults or juve-

niles). The mixed aga groups were larger, more abundant, more stable, and! 

displayed a smaller behaviorai repertoire tha~ similat age groups: / 
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RESUME " . 
" 

) 
observations -sY~~ématiqU~S sur les marsouins blaI1cs (Deiphimip- b , 

'terus leucas) ont été fait~s dans l'estu~ire de la rivière Nastapeka sur la 

côte est de' la ha' d'Hudson pendant les étés de ~83'et:1984. Les plu: 

gros troupeaux de lugas ~n 1983 comptaient 245 animaux et 260 en 198Q • 

• L~s nouveaux-n's représentaient , . 19.27. du troupeau en -1984. Une méthode 
'1 • 

d'eSlt~matlo indirecte de la proportion des mâles adultes versu~ celle' des . ~ 

femell,és adultes a produit un rapport de 1: 4.3 pendant cette même année,: 
! f Q )il 

Les marsouinS[) identifiés à l'aide de marques naturelles et de cicatrices. 
\, . ~ 

ont, été _observés d'une année à l'autre et au cours d'une m~me saison. En 

1984. une' présénce journalière minimum de 307. a été -ca1cu1~e pour 24 des .. 
f'" 

marsouins les p~us facilement identifia~le~. Les pér,iodes moyennes de , 
rêcupération après les dérangement causés par leS chaèses et ges passages de' 

f' , 

bateaux'dans l'estuair~ étaiènt oe'40 et de 24 heures respectivement. 
fi ~!t 

La distribution des _bél~as dans l'estuaire était principalement 

influencée par les matées_. Lè comportement des bélugas était principalement 

influencé par' leur nombre total. L'âge était le fact~ur le pl~s important 
J 

dans la discrimination entre les classes de comportements • . 
'La ségrégation en,tre le,s différent!? types de groupes était basée,. en 

'~ 

pàrtie. sur l'âge des individus; les groupes d'~ges mixtes ~t les groupes 

d'âges semblables (formés d'adultes ou de juvéniles), Les "Broupes"' d'âges 
, . ( 

_ mixtes étaient généralement plus gros. ,plus abondants. de cOmPos i t ion plus _,' 
, . 

stable et'démontraient un répertoire de comportements'~oihs varié que les', .. 
groupes à'âges semblables. 
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r1TRODUCTION 

>~ 

White whales or belugas (Delphinapterus leucas) are the most abundant .. 
of the odontocete species occupying Canadian arctic waters. During the sum­

"' mer months, belugas congregate only in certain estuaries. The occupation of 

traditional sites along with indications of differ~nces in, the body size of 

belugas, from diffe~~t areas has led,to the deIineation of several separate 
,'-

stocks, or populatio~s \n Cana-da (Fraker 1980; 'Smith et al.. 1985; Sergeant 

1981; Brodie et al. 198Ij4Finley et al. 1982; Vladykov 1944; Sergeant 1986). 

<-One stock, ~he subject of t~is thesis, spends the summer on the east coast 

't of Hudson Bay. 

In the 19th century, herds of belugas in easter~udson Bay occupied 

the Great Whale and Little Whale Rivers by ~he "thousands" during.the summer 

~ months and there were reporcts of herds of similar size ~qrther north in 

Richmond Gulf and in the "Nistaùucky" River, (probably the Nastapoka River; 
. 

Francis 19'7). Richmond Fort, on Richmon~ Gulf, was the first heluga'hunt-

ing site used by th~ Hudson Bà~ Company in 1PSO, where there was a harvest . . 
of whalé skins valued for their high' qu~lity leather.' ,Native whale hunting' 

continued for the next one hundred years or 50 alang the eastern Hudson 'Bay 

coast. Then, from 1854 tO,1870, modern whal~ng techni~ues using nets deci-
v , 

\

mated ~he Great Wha!e artd Little~ Whale River herds'-rto the point where the 

remaining whalès would no l?nger use the rivers, and the IIporpaise fisher~" 

had ta he ahandoned (Fran~1977) . 
. 

The Nastapoka River estuary is currently the only major concentration 

area of- beluga whales in eastèrn Hudson Bay. It is also the major site of J_: .~ 
• 1" ., , 

, .w~ale hunting. Approximately 30'whales are taKen at ~s si~e every year~ 

frout a population on which there is as yet littled.rtrormation (Breton- .' 
( 

)~~ 

\ 

, 

... 
~ .. 
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Provench"er 1980; Finley et al. 1982; Smith and, Breton 1986) ànd which h~s 

recently been estimated to number 970 (Smith an~Haffimill ~986). ) 

The first objective "of this study was to assess the importance and 
o 

~ vulnerability of the Nastapoka beluga herd. Therefore. it was important to 
~ 

obtain a more accurate estimate of the s'i:ze of the Nastapoka her"d and espe-

~allY its ageost<ucture (from si.o c?asses.not from precis. ~i.e me~sur.­
ments); ta determine if. and to'what degres the whale~e site tenaciousi 

and finally to measure the ~mpact of human acti~ities ln the 9§tuarine occu~ 

pat ion of whales. 

'" The estuarine habit of belugas also creates an excollent· opportunlty 
li 

for observers tà study their behavior from land. thus minimizing disturbance 

effects. Sever~l aut~ors have recagnized the biases introduced"when behav~ 

ioral observations of whales were conducted from hoats (Norris and Dohl 

198~Würs"ig and Würsig 1980). PrevJous studies looking at the biology of 
\ 

.white whales ~epo, rted incidentally on their behavior dudng migration .8and 
\ 

occupation ofvestuaries 

Fraker et al. 1979; 

(Kleinenberg et al. 1964; Yablakov et al. 

Breton-Provet,lcher""'- 1?80; Finley et al.~1geB2). 
1974. 

Broad 

categ?ries of behaviar or actiV'i~y classes have been documented and related» 

in part, ta certain types of und~ater vocalizations (Sjare and Smith 
, 'i \ 1 

1986). The repertaire, of behavior reparted,for captive belugas (Defran and 

Pryar 1980) was very 'limited compared to that of ot~er dolphin spéè.les. 

Studies on the behavior of coastal'dolphin species have p~oliferat~d during 

~ the last 10 to 15 years (Saayman and Tayler 1979; Shane 1977; Wells et al. 
·c ... 

~980; 'Würsig' and Würsig 1980), and now provide a data~ase for comparisons 

wi th belugas. ' , . 
Thùs, the second objective of the present st~dy was to document the 

:ehavior and gro~p structure of a herd of belugas during tqeir sumJtr occu· 

.( 

J 
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3 

pat}dO of.an es~uary. Bu~since the Nastapoka herd i5 subjected to hunting 

ànd rèpeated'disturbances from humans, the objective of the behavioral facet . '" 
of'this study was a1so to assess aQd possibly measure tbe impact of such 

disturbances on the behavior of white whales in\the estuary. ' 
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<lS!'UDY SITE 

• The Nastapoka estuary, Nor,tpe'rn Quebec (Fig.,); '56Q 55' N,' '~ci 36' W) 

'fis 1.3 km. long ,from the river mouth to the 30m high water fai1s and 0.2 km. 

wide in an east-west orientation. . ')!he Nastapoka River originates in the ,. 

Seal Lakes, 191 km. inland from the coast. ~{" 
The study site divided into five areas, 

C' 

qùadrats " from the was or 

falls down tQ the bay (F~g. 2), and th~ location of these qUàdrati was the 

sarne for bath yea~s·. 

Lamothe (1983 ) found the 
, 

average monthly disch~rge~ for the years 

1948 ta 1978, to be 268 m3Jsec. with peàk discharges in June, July, Augus~ 
", 

and September (468.6, 431.8, 403.] and 392.2 m3/sec: res"pectively). In each 

year" the peak flow iccurred in any of thes~.four months,' The flow of the 
o 

" , 

river gradually decreased during the winter months ,the'n shat;ply increased 

from May ta Jun~. 

In this stuqy, water samples from 6six stations insid).,. t6e"' estuary 

were taken at v,arious .depths for sa~inity-and tenlper~ture measurem~nts.' 
, . 

These water samples were collected on two sepa'rate days during 1984, 10 J!1ly 

and 7 August, on mid to high tides' (~abeled A to F in Fi~ 2). TheyJocevealed 

• 
sa11-, the ,existence of two distinct water masses characteri~ed by different 

~ . 
~ity and temperature ranges.!) The river water temperature ~anged between 

, 
° ' ° 11.2 C and 16.1 C, with 0 PPM $alinity. The' sea water temperature ranged 

between 6.60C and 9.30C, wi~h salinity increasing from 6 and 15 PPM with 

depth. 

Sali~Lty and temperature/depth profiles of'water samples taken fr~ 

stations located approximately midpoint along the route from the upper qua-
"~ 

drats to the bay (Fig. 3: stations A, C, and F) on the 10 July, 1984 indi~ 

(-

i 
J 
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" .. 

eate that cold saline water intruded below the 'river water as a wedge ftom . 
H~dson Bay. The same conclusion ean.be ûeriv~d if data from 7 August 15 

0> 

used,. 

Abrupt changes in water temperature, co ine iciing . ' 
with variation in 

. 
tida.l heigl1t',. were meas\lred by the permanent temperature probe (x in Fig. 

2) .. _These changes revealed the existence of a dyrlamie thermoeline that 
r , 

,-
and receded with\the flow and ebb of tide. There was 'a Iack of a 

. 
p~onouneed horizontel salinity-temperature gradient at the su~face; the 

water was fresh in aIl p'arts OI the estuary. 
./ 

Becausé of its topography, the Nastapoka estuary was classified as a 
.~ 0 

\ , 
sijbmerged delta estuar~ bY,Lamothe (1983). From the distribution ~f its 

of 

o " 
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'MATERIALS AND METaODS 

White whales were observeè"~1;' the Nast,apoka River est;uan from 20 

Jùly to 
t"" ). , 

13' August 1?83 and from 21- June to 2 Septemb&r 1984. 
f 

,AH ob~Qrva-
. 

tions were conducted from a· 5 meter high tower located on the north shore of 
~. ~ 

the estuary using binocculars, a cassette tape recorder, and a 35mm camera. 
__ 1 

" 

... 
1\ 

... 
.;; ." 

Variables 
(\ 

'A 

'Two types of variables were identified and measured during each 

observation ~essiàn: physic~l'variables ,(including~environmental variables, 
t • 

see below) and biologic~l variables., The physical variables were related ta 
. 

the estuarine habitat and we~e thought to influence' the whales and the 

observer (a~iotie factorsh. The oiologieal variables were related to the , . 
• 

evaluàUon of the 'size class and behavi~r of whales' (biotiè factors). The 

environmental variables, listed below" were v~riables' t:hat ~ere ~lC ated 
. ~ , 

after the observation sessions, most of them when the observer was~a from 

the field season. 
- 1 

~ 

The objectives of 'the data.analyses, detailed furtryer, 
. 

were to explain the var,iation observéd in the biolas.ical variables by one or ... . 
a combinat ion of physical faètors tnat were occurring simultaneously .. 

The followin$ are the physical variables recorded at the beginning of, 
, 

each observation session. The time of day (EDT) was,obtained from a Timex .. 
digital~watéh and tidal height was read from a ti~e gauge, accurate to 0.05 

m, located in a small adjacent bay approximately·100 meters from the tower. , , .. , 

Water te~erature was rècorded from a'temperature probe fixed to the bottom 
1 

of the estuary'in the middle of quadrat ~o. 3,and was ~elayed to a,YSI tele-

thermometer in the tower. Wind speed and wind direction measurements,were 

read from a portable w~a.t~er stqtion. Other factot;s influencing observa-
l ' 

•• 

.' 
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~iQn. ~U;h :. the ~t~t\Of the water surface, water clarity, and light con­

ditipn were recorded on ,an 'ordinal scale of l to 4. At one end o~ ,the 
, 

scale, a value-of 1 indiçated choppy. waters for the water surface variable, 
\ 

opaque water for the wat\r 'ciarity v~r\able and strong glare emanating from 

the surface of the water f~r the light condition variable. At the other end 

of Ithe scale, a va~ue ~f 4\indicated calm and flat waters for tqe water sur-
'1 

~,_face_~ariable, clear water Ifor the wa~er clarity variable and diffuse light 
1 

/' ,for t,h~ ~light condition variable-, A count index variable was created to 

-, . 

- .' 

measure, on an ordinal sqale of 1 to 4 (}'lorst 'to best), the observer's con-

• 
fi~ence in the count value. This index would a1so represent a sobjective _ , 
measurement of ,the fatigue: of f:he observer in order to provide information 

on the stability or repeatability'of the observations. 

The environmental variables were: the total number of whales present . . , 

in tne estuary at the time of observation, the time elapsed sinee the return 
• r 

of' the, first whale to the estuary after an evacuation, the time elapsed 

sinee'the last hunt, 'and the median position (see below) of the distribution 
( 

of the \ herd in t.he estuary. As mentionèd above, these were a11 l'Ieeorded 

after the observation sessions. 

~~ The b!olog~cal variables, were evaluated simultaneously on the s~e 

whal~wnen it became visible at the s4rfaee of theCWater. The first biolog­

ieal- variable recorded was the the size ciass to : ,hich- a- whale beilonged. 

Previous studiès established a reasonably aCC,urate age to l~n8th relation ,of 
, ~ 

, belugas'of 0 to 3 or 4 years old (Sergeant 1973). Langth of calv~s relati~e 

to "adults' observed in the Nastapoka estuary was used to approximate size, 

and later age classes. Five age (s~ze) classes 
, 

of balugas -w,are defined: 

naonates (about 1/3 length of aduIt), 1/2 lengths (1 year old), 2/3 length' 

i2 years old), 3/4 (3 years old or older) (Fig; 5). Relat;ve lengths of 
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calves of different ages couldbe relatively easily· evaluated because of 

their usual' élose swimming'association with an adult. 

The second biologieal, vatiable evaluated on a whale was the action 

, p.tter~ a wh~l~ ~bs~rved' to perform. Action p:tteffls were .sse~bl.d :n 

an ethogram of 28 action patterns which was eompiled during the, f~rst sea~ 
, 

~. 

son, and used in tne second seas~n in sca~sampling. Only those action p8t~ . 

terns whieh were )1isi~le above the water surface were incorporated into the 

ethogram,and in the data analyses:., An action_pattern was defined às a rec­

ogniz~ble, reappearing pos~u~e or pattern of Jove~ent (Packard and Ribie 
• l , 

f ~ 
1982) that could be qui kly recognized in the field. 

Scan .sampling 1 , , 

Scan, samples 
. 

if sarnpled behavioral states, frequently enough, can . 
be eonverted 

ri' ' 
estimate of the average duration of this st~te . How· 

. ever , the obs~rver sh to scan each individual for the sarne brief 

period scan satnp'le is equivalent to a series o( short 
, 

focal-animal samples of variable and unknown durations (Altmann 1974). 

In the 
. . ' 

study, scans sampled events (action patterns only) 

rather, 'than 

.>this se~tion, Jere 
~ 

The analogous behavioral states, described Iater ,in 

alled activity plasses beeause they were not assumed 
o 

to 

confer speci~ic function. Activity classes were attributed to groups of 

action p~tterns which most physically resembled onè another for the purpose 

of ,constructing activity', budget.s. When sampled frequently enough, the 

frequency of action patterns would represent an average duration of the. 

aetivity class to which they belong, thus informing on the average prop~r~ 
... ' ., 

tion of tirne'that b~lu~nt perfbrming acti~n patterns be10nging to a 

partJcular activity crass. . .. 
..... 

'( 
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Scan sampling originally c6nsisted of periodicglly surveying the 

entire study site from one end of the'study area (quadrat 

. (quadrat 5) noting the quadr~t, ~ize class and behavior (the 

pattern observ~) of each whale as it surfaced. But because wha1es d 

in quadrat 5 were often more than-SOO meters from the observati9n tower (see 

fig. 2) • 
• thus w~re tao difficu1t to abserve, on1y r~su1ts obtained from 

whales located in quadrats 1 ta 4 (less~han 300-400 meters from the tawer) 

were actual1y used in the more refined analysis. When analyses anly 

required that wha1as be counted, and~not c1assitied in age classes or per~ 

forming an acti~n pattern, data from all quadrats were used. 

Groups of belugas'in the Nastapoka did not spend long periods.of time 

e. " 11> 
underwater. Most were seen to su~face frequently within a few minutes 

'(probably because of the shallaw water§- of the estuar~), thus spending on 

average ?etween 30 sec. and 1 min. underwater~ Mostwhales could be seen 

swimroing under' the • surface ,af the water, and the observer cou1d follow a 

group and'sample each whale for size class and behavior as it surfaced. 

Depending on the size of the herd, or the number of whales s~pled, . 
the duration J of ~cari sesSions 

( 
r~nged between 5 and 15 minutes. If the 

. entire -scan session cauld not be i~st~Qteneaus~ indivi~ual wha1e was 

observed at the ~utface of the~~at~r for le~s ~ a few sedonds (with prac­

\tice, size cla6S could be rapidly evaluated; and so could the first obsèrv-

able action pattern). Therefore, the basic requirement for the'validity of , 

scan sampling put forth by~ltmann (1974) is met bere. 
r 

Scan sampl~ng started on 5 July and ended on 2 September 1984~ and 

was performed once approximately,every two hours from 9 AM ta 9 PM ~an aver-

ake of 6 per day). Observation sessions, thus, were usually two hauts apart 
< 

in arder to eliminate, as much as possible, the occurrence of autocorrelated 

\ 
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events. 

Slightly ovet; 33,000 observatlons of wha1es were made over th,e obser­

vation sea~'6f 59 days in 1984. Approximately ~l dày~ of these could. not 

be ,saIDpled bècause wlfalès were absent from the es-d!l~~y due ta various dis· 

turbances , therefore only 48 days were actually sarnpled. This total scan 

sample of 33,000 observations is the result af the multiplication of the . 
~mean d~ily sample of 688 whales by the number etays (48): of ,observation 

; 

This figure (?3,0qe?' is also obtained when the a~er~e hard size of 106 

whales is multiplied by the numbe~ of observation sessi~ns (310). Theoret~ ~ 

cally! if the sarne whales·were present during a day in the estuary, each 
. 

whale was sampled approximately 6 times in the course of one day _ at inter'· 
e 

vals 'of two hours. If the sarne whales were present throughout the observa· 

~ tian season '(48 'days), 

ever, as -tndications 

. 
each whale was sarnpled approxlmately 288- times. How­

of site !igelity or résid~~wed (see "ln a later 

section), the sarne whales w~re pro~bly not sarnpled ~re than 3D? of the 

above theoretical rate (about 86 times) throughout the course 4 of this study. 

~ 

• Focal sampling-

Focal sampli~g is derined-as a sampling method in which all·occur­

rence ~f specified'actions of an indiyidual. or specified group of individu-
~..--/ ' 

aIs, Cire. r~co.rded during each observation period. Once chosen, a fo~al 

individual is followed to whateveiextent~ossible during each o~ its.sample 
• 

periods (Altma~n 1974). 

In this study, focal·samples were done on groups of whales,'and aIl 

occurrences of aètion patterns performed by any member of the group ~ were 

recorded sequentially with'the help of a cassette tape recorder. 

The focal' groups were followed for as long a~ possible, usually 

• 
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between 2 and 15 minutes, depending on their activity or their swimming 

speed. Although focal sampling resembled scan sampling in duration, it 

involved a very different approach to sampling whales'. Where scan sampling 

covered sometimes two hundred whales. focal sampling involveœ following a 

s~all group (average group size of 4 whaIes) for~severaIOminutes, noting' 

once the size class of each individuai (for size class composition) and man y 

times their behavior (action pattern) when they were at the surface of the 

,water (for the clustering analysis). During focal sampling, group encount-

ers were also recorded. Focal s~ples were taken as often as possible on 

any group~at happened ta come into vi~w rela~i~ close to the tower 

(u5ually quadrat 3).' The focal samples were recorded between the sCan ~amp-

ling sessions . 

Eighty-two fo~al samples were obtained in 1984 which·l~sted a total 

of 390 minutes. The duration of action patterns was not considered in these 
. 
samples. since action patterns had already been assumed ta be instantaneous, 

as in the scan samples. Here, the sequences of action patterns and tqe tem-

paraI correlations between,action patterns and group encounters were of pri-

ma!y interest. 

Where scan sampIes'were used ta study the influence of environmental 

factors sn the activity budget of belugas, the focal samples were used ta' 

studi- the group structure and organization of belugas in the~estuary, as d 

well as sorne aspects of their sociaPbehavior.' 

Caiculations 

of 

The following explain the calculations used in the different sections 

this -thes~ These foilow the arder in which the results will be pre-

sented. 

, \ 

~ " 



o 

o 

" -

o 12 -
Human dïsturbances frequently caused the evacuation of whales out of 

J . . 
the estuary. To acco~t for tnese evacuations, ·the.seasonal. growth curve of 

the Nastapoka herd was plotted using only the highëst number of whales 

càunted during ~ny observation session of each week. 

It was noted from the'beginning that bêlugas were distributed rela­

tively evenly in a wide .central- corridor in ~e estuary. Therefore, a 
'" ' 

median was thought ta be an appropriate measure ta quantify the di~tribution 
~ 

of belugas alorg the length of the estuary,'since a mediaQ, or central -ten-

dency, is·the middle value ~f a set of measuremepts arranged in arder or' 

magnitude (Daniel 1978). In other words, the median of the distribution of 
~ 

belugas was the position. in units of quadrat, of the whale in the middle of 

the distribution knowing the count of whales in each quadrat. 

Scan samples, ~hich are essentially censuses (Altmann 1974), were 

a1so used ta obtain estimates on population parameters such as age distribu-
1 

tians, in this case size class distribution. Variations of age distribu· 

tians were calculated for different years, quadrats, season, and ttme 

. elapsed since the return of whales to t~e estuary. Blocks of the time peri­

ods (season and time elapsed since the return of whales ta the estuaryr are 

of equal sample size, but'do not necessarily caver equal amounts of time. 
1 " 

An estimate of the sex ratio was derived from the ag,e distribution 

tàble (taken from focal samples) on the assumption that for each calf youn~ 
,'\ 

ger than 2 years old (neonates and 1/2 lengths)t there had 'ta be a sexually 

mat~ female in the herd which was its mother~ This assumption rests on 

the fact that gestation in belugas lasts a little over one yea~ (Sergeant 

1973), thus females could not reproduce more often 
~ 

years. 

than once every two 
J 

To~study the effect of environmental factors on the-beha~ior of belu-
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gas in thef~stuary, both a univariate (multiple regression) and a multivari-
<' 

o 
ate (discriminan~na1YSis) approach were used. contingr: tables of acti-

vit Y classes /ere constructed ta hèlp th~. interpretatio .of the behavioral 

respons~s to the mQst influential enviro~ental factors. These were con-.. 
structed by summing aIl action patterns belonging to an àctivity class in 

each block of environmental variabV~s. 

Thli! identifi.cation of.}ndividual whales was made using scars which 
• 

sorne belugas bore On their backs. These scars were believetl to have been 
. . d 

the caused by bullets during h~~Whales were ~hotographed when ~lose ta 

tower. or their scars were dr~wn by hand. Since usually only one side of 

"' 
the whale was visible &bring identification, only the scars located on the 

laft side of the whales, the side visible when whales swam upstream, were 
-, \ 

noteq. 
&-­

This was ta prevent~confusion in the idénti~ication of 

had different markings bn each ~ide of their bodies. " 
v • • 

whales that 

\ ""'Oaily presence of identified whales was recorded as often as pos-oro 
sible, and from this record, a frequency of daily pTesence was counted. The 

total obs~rvation ~eriod for each identified/Whale~1ïsed·to calculate the 

rate of daily presence,'started with the first ~ay.)of the identification of 
. l 

th~ pa~ticular whale, and was defined as the total number of days after 

. identification. in,which there was at feast 70~ of 'the weekly maximum herd 

size of beluBas present inrtfiê estuary. Counting only those days compen­

sa·ted\ for the days in whic0here were tao ~ew whales in the estuary to 
i' 1\ / 

expect to reidentify any whale. This w~s done ~o equalize the probability 

of recognizing any identified whale. The rate 6f daily presence was calcu-

lated by- divi~ing the number of days in whi~h a whale ~asr~een in the estu­

ary with the total number ~f ob~ervation days (defined above) for that par-

ticular whale~. 

/ 

f 

" 
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J. 
" Reco~ry times were calculated by counting the hours it took for the 

whales to réoc'cupy the estuary after a disturbance. Parth'l recovary was 

declared when the first whale returned to the.estuary and total recovery was 
..1 

attributèd wh en at least 707. of the pre-disturbance number of whales had 

returned ta the estuary.' 

Statistical tests 

There were ;egular intervals of approximately t~o hours be~ween each \ 

scan sampling session (or scan sample) and the average daily presence record 

showed that identified whales were in the estuary approximately 307. of the ~ 

days when they were ex~ected ta be there (refer to Iater section). Further­

more, there would sometimes be one or more days bet~een observati~n days 

) which meant that even more ~me elapsed 

sampling conditions reduced the possib~lity 
/ 

.J. cIus~ering of .events, that would produce 

between sca~SàmPles" The above , V 
of ~corr lated evants, or 

Cl 

biases in· the statistical tests. 

Although there mus~ave been 
o 

some~ dependence between observati011.s , the 

degree of such was not thought to prevent aitogether the use of integrated 

~nd highly informative multivariate statistics, especially when these are 

used primari1y as.descriptiv& tools (Legendre and Legendre 1984). 

Sev~ral statistical techniques wer~ used to analyze'the data. The 
\). 

following analyses were performed on the scan sampling data. Spearma~ rànk 

forrelation~ (PROC CORR: ?AS 1982) were used t~ find the relationship 

between the median PQsition of the distribution of belugas in the estuary 

and the en~iro~ental facto~s prevalent at that time. Chi1~r~ (NWA STAT-

l , ~ 
Pt~ 1983) tests were performed on the contingency tables o~ he age str~c- . 

~ 
tures, and a deviation statistic Z (Legendre and Legendre 1984) was calcu-

lated for eacb cell to verify which observed frequency deviated signifi·-

, 1 
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cantl~ from the expected one. Mann-Whitney U tests (Daniel 1978) were used 
<l 

to 90mpare the m~~ns of recovery times of wh~~e numbers in the estuary after 

hunting to tpe recovery times after motor traffic. 

" Multiple linear regression analyses (GLM and STEPWISE: SAS 1982) were 
, "'f' 

used to\find which environmental factors influenced the display of prominent~ 

acti~n patterns (PAP). Since ar.ominent action patterns wer~ acti~n patterns 
, 

that appeared ta serve a greater purpose than the combinat ion of on1y swim-

roing and breathing, as in the ordinary swimmihg, only those were used in the 

regr~~sion~. Thus, a ratio of prominent action patterns ta the total number 

of action patterns (prominent action patterns plus ordinary swimming action 

pattern) counted in one obserVation session was used a~e dependant vari-

/a151é in the ana1ysis. Such a variable has the advantage pf being adjusted 

for .herds of any size. An arcsin of the square.root trans~ion (Steel 

an~To~ri~ 1980) ~as perfor~ed on the ratio of prominent aE(lon patterns. 

Most of the environmenta1 factors were norma11y distributed'and only a few 
... ? 

had ta be transformed. The residuals of the regresslon were found ta be 
...... 
normally distributed. 

'" '. 

A canonical disc~iminant' an~is (CANDISC: SAS 1982) was used ta 

flnd the differential influence of environmental" f~ors (intrinsic and 
, 

extrinsic) on th~ 5 classes of behavior described in,this study. This dis-

criminant analysis verifi~d if combinat ions of e~viromnental factors could 

separa~t or 'discriminate, the>predetermined classes of behavior. The sarne 

square root transffrmations 'were done on some of the environmental factors 

_~ ~n F di~Criminailt analysis as in the regrossion an~lysis·. in :rder to 

approach normality of the data. The dependent variables in this case were 

, ' 

'. 
the actual frequencies of the 9i(f~rent classes of behavior. 

nant analysi~ is robust to conditi~ns of near normality of the 

The 4iscrimi-

descriptive 

J 



o 
> 

~ 

q' 
, 

, \ 

variables. 'esPéC~llY s~~e this analysis is uséd to 'measure the relative 

contribution of ~achl de~tive variable to the total discrimination 

{Le~endre and.Le8e~;~ 1984), "l ;: 
In fo~al samples, associations between action patterns wére found by 

a clustering procedure (VARCLUS: SAS !982). The c}ustering was hie~archical 

and used the centroid method.' It was based on the non-par~etric correla-
-
tian matrix (Spearman rank correlation) of ,the action pattern-s. This proca-

d . 'l' h r d b P k d d Ribi (1982) 4re ;tS S1m1 ar to t e. one presente y ae ar an c . Transi-

tion matrices of following and preceding action patterns ~ere modeled on t~e 

ones prese~ted by Lemon and.Chatfield (1973). Chi squares were calculatad ,~ 
ort the rows of the tables to de termine if an action pattern was depandent on 

\ J the preceding one, 

( 
!' , \ 

ft 
"---

• 
(> 

/, 

\ 

j( ", 
'" i 

• ,~ 

~, 

tO 
) 



.. 

" 

. RESULTS 

~ Seasonal abundance and d~stribution in, estuary 

Maximum ntlmbers' 

17 

In 1983, whales were present in the estuary before observations 

started on 19 June but in 1984 the first whales of the season were seen on 

23 June. In bath years, observations ended before the final departure of 
, , 

the wha,les. Number's of belugas fluctuated daily throughout bath seasons" 

• These fluctuations were caused in part by human-induced disturbances s~ch as 

boat traffic and whale hunting~ 'These will be discussed in a later section-. 
- 1 

The effect of disturbances on the seasonal whale count for this analysis was 

removed by noting on~ weekly maximum counts, that is, the maximum number of 

·whales counted at any one time during a particular week (Fig. ,4)~, The high~ 

est count for 1983 was 245 and occurred on the 27 July. In i 984 the highest, 
" ~ #' 

~ount, 260, otcurred on 25 August, During the 198~ season~ the herd size " 

gradually increased ove'r the s~ason (July' and August), then started to 
} 

decrease in early September. 

'S 

Distribution of ;Ilusas .~cording.tQ. environmental factors 

"' '4,hile oc pying the' estuary, groups of belugas continually S'WalD 
r 

"j' 

high ti~e. whales upstream and d,ownstream. During were usual1y- present in 

all quadrats. whereas during 10w tide they were usually seen in the quadrats 

.closest ta the bay. At' no time were there îQ& barriers preventing th& 

whales frdm occupying~ any parts- of 'the estuary. \rhJ measure of whale 'li;· . 
'- ~-,.' i ." 
~' "i 

,tribution chosen for this analysis was the median position. A Spearman rank 

"-correlation between environmental factors and t~edian of the distribution 

• 

/ 
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of wha~s in the estuary wa~performed. The results-of the Spearman analy· 

sis (Table 1) showed that the median position of the whales advanced and , 

receded with the flow and ebb of tide. It also showed that the larger the 

herd size, the farther ups1;-ream whales would swim and the longer the whales 

were in the estuary without disturbance (longer time after a hunt), the 
il 

higher upstream they were positioned. High waves, strong northerly winds 
.4 

induced crowd~g of the upper quadrats (upstream). Higher river water tem­.. . 
perature also pushed the whales into ~he upper quadrats while water c1arity 

(murky water) apparently had the opposite effect. 
, 

In counts suhjectively 

judged as good, the median position of the herd was farther upstream; or 

cl oser to quadrat l. 

-. 
Herd Status, 

Age classes 
r. \ 

As mentioned earlie~. size classes of belugas were used to estimate 

age classes. "Although coloration. is reported here for the different aBe 

classes, Qnly the relative size class ~as used te differentiate between age 

classes. f the first age class. assumed to he neonates. were of' a 

uniform light b or beige color. A~ this stage. the ~ate is about onè 

third the len~th of theoaccompanying white adult and has a characteristic 

swirnming pattern (described in the ethogram·section). During the following 

three'to four weeks the neonates gradually b~come dark grey. One neonate -accompanied by an individually recognizable mother was closely observed dur-

ing a period of approximately four weeks. At first. a dark grey ring 

appeared around the neonate's blowhole,.then its~melon, head, dorsal ridge 
." 

and finally flanks gradually became darker. This pattern for skin discolo· 

( 
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'ration is no;' likely ta \le fixed and might v~ry among individuals. 

In the second age class, the one year old calf is close to one half 
\ 

the length of thé 'accompanying adult and it is of a medium to dark grey 
, 0 

cQlor. 

are not 

The body is much t~icker around .th),torso bu~ its tail stock muscle~ 

as developed as those of olde~ juv~niles. 1 

J -
The third and four th classes are the most difficult ta differentiate. 

Most juvenile or immature whales'are of a medium to Iight grey color. -They 

have lost tneir eariier' roundneSs and the tail stock muscles are larger. 

Confu~ion can arise when only color is used t~ separate thes~ classes. 
\ 

Observation of freshly killed whales on .. the beach showed that larger whales 
~ , 

could be either darker or lighter thsn shorter ones of'the same sex. ~~ age 

class 13 (2 years o~~), whales are ~pproximately 2/3 the length ~f a white 
~~ 

adult and in age class 4 y3 years old or 'old~r), at least 3t4 adult length. 

Age class 5 (adults); consists of fully grown and completely ~hite 

individuals. The pr:eviou!?ly· described âge classes will be referred to on 

the basis of their size 'classes: neonates- (1/3 length), 1/2 l~ngth, 2/3 

length, 3/4 length, ~nd adults~(full length) or whites • 
.. 

Age strUiltture 
. 1 

The age $tr~cture of the 1984 herd was' evaluated using two sampling 

techniques, based on age (size) classification or-individuals using a rapid , , .. 
sca~ sampling tec~ue (sampIe' size = 33,027), or on a group focal sampling 

technique (sample size = 1618). No sigftificant difference was found between 

these t~o estimates of age str~ctures (Chi square = 2.7335 P>O:10). From 

the scan sampling and the focal sampling respectively, 19.20% and 19.11% of 

-the herd was compos~d of neonates, 15.397. and 15.897. were'1/2 length calves, 

11.37% and 11.69% were 2/3 length whales, 12.73% and 13.73% were 3/4 length 
1 

/ 
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whales, '-and 41.317. and 39.58% were 'White individuals. 

Overall, .th€!' age structur~ of t~e '~'eluga herd. was o?"Served to be rel­

ative~y' stable. No' great variations ere observ~d in age structure oVêr 

. .." 
time periods or between different sections\ of the estuary. However ," sorne 

minor differences were noticed.' _ ~ 
To compare b:tween years, age c l:~\es il 3" and 3/ ~ wer. co':in~d" fpr 

\ ' 
1984 âs they were in 1983 (Table,2). The va iation between years was ,found 

to ~ significant at the 0.05 level of s'gnificance, but not at the 0.01 
. 

level. None of.the celis showed sigdifican v~riations at either level.~ 

The age structure var~ation between different quad~ats of the 

estuary was found $'x> be significant,. (Table ~). The age c1ass that contrib-
y 

uted the most to th~ total variation was ~h 3/4 length whales. These were 
o 

concentrated in the middle quadrats (2 a d 3). 
/ . 

The whales from the white , , . , 

• age cla~s were often found at the sea" end of the estuary, in quadrat 4. 

Whales ~f the 2/3 len9th class were less numerous in the outer quadrat (4), 

and mostly Ioaated in,the higher quadrat (quadrat 2). Neonates and 1/2 
, . 

lengths were more uniformly distributed in the different quadrats. 
, -------- ,... 

The age structure was also found to./vary significantly with 

son (Table 49. The age class that contribu~ the ~ost to thé'total 

the sea-
~ 

V'aria-, 

tion was. by far, the 2/3 length. The abundan~ of this age'class ~as seen 
• 

to sharply decresse after the first quarter of the season, pnd increase only 
1 

during the last quarter. The number of neonates were sli'ghtly ~elow the 

~cted_vatue during the first quarter of :he season, but their levels 

reached the .expected values for the rest of the season .. Whales of the 1/2 

Iengths class were also slightly beQow the expected level at first, but 

remained stable for the rest of the season. 
"'" \ " The age composition of the first groups of whales to reoccupy the 

--- . 

,) 
l, 
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. 
estuary after a' disturbanceo' which forced their evacuation from the estuary. 

'wàs also found to be significant1:y, different from the age composition 
/ , of 

,/ , 

whàles hrriving later (Table 5). Th~ classes which varied the post were the 
(f 1 • 

2/3 lengths, the whi~es. and ta a lesser extènt, the 3/4 lengths. Whales of 

'-
the '2L3 and 3/4 lepgth classes were slightly below their expectéd values 

t 

when first re~urning to the estuary, while the ~hite individuals were above 

their expect~d values for this same period. The most stable clas~e5 were 

, the rieonates and the 1/2 lengths. 

, , 
,Sex rfttio 

The seX ratio of adults (white belug?s) was calculated from data, 
tt 

obtained in focal' samttle~. ' It ~ had the most detai~ed information on the' 

~ssociations oetween females apd ca Ives and on groups of adults without 

calves. Two 
.yi 

assumptions basea on information from previous biolègical 
i 

studies were made : the first one was that gestation lasts more~an one 
, 

year,' (Sergeant, 1973), theref?re, neonates and 1/2 length calves ~ust have 

one mother present in ~t,he Nastapoka herdJ' second, sinee lactation is known 

ta last s~metimes up to 2 ,years, an adult seen witn a 2/3 length calf (2 or 

3 years old) was as.sumed to be female. "'" 

. The'pereentage of adult females present in the Nast~poka'estuary was 
.." 

indireetly calcula~ed by summing the perèentages of rteonates. '1/2 1 sand whi-

tes açcompanied by 2/3, length calves:' 
<) 

1 
,i 

~ ~.11% neonates 
+~.89% 1/2 lengths ,~ , 
+ 0.25% white acco~panied,by 2/3 length calves 

,. 
- 35.25% sexually mature females. 

) " 

~ 
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A small proportion of Monatei> and 1/2 lengths, close1y accômpanied 
J 

by' 3/4 lengths assumed to be'their mothers~ had to be subtracted from the 

above percentage of ,mature females in order to obtain the yercentage of 

white adult females onl,Y: 
( . , 

35.25% adult females 
3.09% 3/4 lengths with neonates'or 1/2 lengths 
-------------------------------~---------------

= 32.16% white adult females .. 
\-.. C. 

Subtracting from the total percentage of whites the percentage' of 

white ~emales, we obtained the percentage of white male~:. 

39.587. whites 
- 32.167. white females 

= 7.427. white males. . . 
(# , 

The white male to female sex ratio is estimated to be 1:4.33. 
(), 

T'hus, if 

females-not accoFpanied by calves are present in the herd, the above sex 
"-

ratio would be skewed even morè in favor of females . 

Occupation of the estua~y'by known individuals 

... """ 
Identification through scars and'natural marks 

. .. 

Individual 
1 

identification is especially difficult in belugas. 

belugas. of ,both sexes are of a uniform white color. 
i, ' 

Juveniles ,and 

Adult 

sub-

adults may have individually recognizable color~tion patterns but these are 

transitory and only help identification over a short period of time. The 

site fidelity ~f belugas occupying tbe Nastapoka berd was tested using indi-

, , 

, 

, 
1 

1 , 

.J 

-



, ' 

o 

,. 
,( 23 

viduaf' identification through scars and natural markin~s located on their 
$ .f 

backs and heads. Most of these'scars appeared to pe old gun-shot-·wou~ds. 

Other tbcars, s~ch as'raking marks, could have been teeth marks' inflicted by 
, ~ 

c~nspe ifics çr pos~ibly '~rom preda~o;s such as polar bears (~ m~riti-
'If 

mus) Smith ~1985). Only the sc~rs located on the' left side of the whales 

were onsidered because it was the side which was most often seen from the 
~ 

àS the whales swam upstream. Some scars were very conspicuous and 

ctive which made the identificat'ion of sOrne 0 whales relatively easy 

(Fig 6) . Other scars were smaller and an~~ cou~d only, be , 

recQ nized when the whales were close to 

less c?nspicuous 

the tower) 

ndar of estuary 'OCCUPition 

In 1983, 18 wh~les were identified among which 14 were seen on two or 

days during the sarne season. Of these 14 whales, at least eight were 

the following year. In 1984, a total of 46 whales, mainly whites and 
~ 

lèngths, 
f> 

were identified. These whales were seen on a regular basis 

from ~early July ta late August at the,~d of 

lld~ntifi~d, wbales were seen before and after 

were often among the first whales to reoccu~ 

[Ite tenaelty. A 11~t of aIl identifle~~ions 

Average daily presence 

the study (Table 6). The sarne 

hunts and disturbances and sorne .. 
th~ estuary indicating strong;f 

15 given in Appendix no. 2. 

, 
• 

Th~ average propo~tion of daily presence of identified whal~s was . .. 
calculated from the identification data of 1984.- A minimum average daily 

pr~se~ce of 30% was estimated for 24 of the most conspicvously marked indi­

viduals. This was calculated by dividing the number of "days - in which an 
1 

identified individua! was seen (Table 7, col. 3) by the total number of 

.. , 

, ,-~ 
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observation days in which there were at least 70X of the maximum number o'f 

wha+es counted during that week (Table 7, col. 2). The daily presence rate 

is 'the average-proportion of days in which an identified whale was sighted 
r 

when the~e were ~nough whales in the estuary"ta expect to sight an individ-
o 

( 

ual. This way, ,the rate is adj~sted ta comp~nsate for days ln which 'there 

were too few whales in '~e estuary. Only 
, 

thS most \conspicuously 
J 

scarred 

individual~ were used to ca~culate tho average daily presence in order to 

compensate for eas,e of sigh~. The average daily presenc~ is consid'ered to 

be an underestimate because of the inherent difficulties of recognizjng , 
~ndividuals. 

Impact of human di.turbances 

J 

Behavioral responses 

- Tt:: Nasta~oka estuary is well known among 

good whale hUhting area, and is huntéd regularly 

native communities ~ a 

by hunte~s of KUUjjuar.~, 
Inukjuak, land Umiujak (see Fig. 1). Shores of the estuary are also used as 

... 

a camping sites f?r other game hunters t~avelling in the area. The most evi-

" dent behavioral reaction of whales to motor noise (usually hunters) was to 
- ~ -

quickl~ abandon ~he'eatuary. Most animals would immediately head offshore 

when approaching speed' boats were present outside the limits of quadrBt 5. 
/ 

; ~ 

Wbales which were situated in the upper quadrats (l or 2) woüld continue to' , ~ ~ 

~ swim upstream in a regular motion and would only react:.. ta approaching' l?oats 

when 'thes~ wer~o~er, such a~ i~'outer quadrat 4. Wh en individually pur-

sued, some whales would leap out of the water. When the whales were being 

"\,. 
c;ut off by speed boats, sorne wh~les w~uld lift their heads out of the water 

for a brief moment befor~ resuming their 
Il 

flight. J. 
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, 
Other whales used different escape strategies which usually consisted . . ,,", 

of remaining motionless close to the shores or swimming far upstream, almo;t 
'. ' 

to the Nastapoka Falls. One exceptional incident occurred duriqg a hunt in 

1984. An a'tlult accornpanied by a neonate and an older juvenile (2/3 length) '" -- ~ 

• was baing pursued into a smaH adjacent bay and was repeatedly fired upon. - ~ 

The animals eventu~lly swarn out }jeyond the bqat, toward the open water. ~ The' 
~ 

adult then did- a taU s'tand rising, out of lh~ wa~er up to Us pectorals and 

, - .~ . 
(/ fa,~ed the boat ~t a 

ne.ck and k i llad. j 

distance of somet 20 meters. It was, then 'sho~ tDth~ 

., 
\ 

Air traffic did ~ot appear to cause any change i~ swimming direction 
1 

of the whaÎes except when float-planes landed or tl'9ok-off close ta. the 

whales. _In those ca~es, the whales began to swirn downJtream. . ' ~ 

y ~ 

. 'Noise from motor boats ~ocated aRr,imatelY" 1 km. or more butsitle 

the estuary on1y caused the whales to 

(qùadrats 1-4) and each 
, /, , "\ 

estuary 'W~reas Illotor traffic in the estüa.r 
,~ ~ 

caused the whales to comp ete~ert the a , On a' few occasions, hunt 

'however, the whales were depart on own when t'bere was no 

7 • 

--;--\ apP$irent disturbance. 

Ct. On at least one occasion, the ~hales~ were observed tO depart from the 

upstream,(quadrats (1 and 2) at the precise moment when an observer was 'walk .. 
( 

ing cloke ta ~ sqndy north shore of quadrat 2. On one occasion; a bullet' 

hitting ~he water surface in quadrat 2 also appeared ta be the cause of a 

m~1s. exodus from the~pper quadrats. 
,/ 

Recovery Time 
,. ~ 

The time required for whales to reoccupy the estuar~ àfter,hunts 
.' 

\ 

traffic dis~urbances is lïsied in Tabves 10 and Il respectively. 
.L 

and 

The 
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. \ 
total reeovery time. was defined as~ time it ~ook for at least 70X of pre~ 

disturb!lnee number o..f whales to return to the estuary after a disturbanee. . 
The partial recovery time was defirted as the' time it took for the first 

r­
whale to return. 

traffie 

There w~e no significant differen?es between hu~ting and 
.. . 

partial recovery times (Mann-Wllitney U=25.5, P>O.10)", There 

was, however, a si~nifieant differen~e between hunting and motor traffic 
',{ "? .-

,total reeovery times (Mann-Whitney U=13.0, P=O.Ol58). Regardless of the 

~pe of disturbanc~, it t~ok the sam~ amount of time for the first whale to 

réappe~r in the ~u~r:. ·,It t~ok,longer, however, for whales ta return to 

their pre-disturbance numbers -(total recovery) after a hunt (approximately 
, / '0...) 
... ,--
40 hours) thari after a motor traffic disturban~è aIoné (24 hours on aver-, 
age) .• 

~ . 
The return of individually identified whales té the estuary, as 

r 

opposed to the return of any wh~,l~s, after disturbances varied g'reatly, 

(Tables 8 and 9). Recovery peri~ds for\whale no. 1 ranged between 33 hours 
-.." () " 
~, and 165 hCj?urs (almost 7 days) and for whale ,no. 3, between 104 hours and 372 

hours (15.5 days). For the 1~ re-identifications following disturbances, 

the average recovery period was 185 hours or 7.7 days •• .. 
-, 
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Ethogram 

o 

f7 The ethogram presented here contâ1ns a11 the action patterns observed 
~ 

in the be~ugas occup~ing the Nastapoka River es~ary. An ~ction pattern is 

defined as a recogrtizab1e. reappearing pb sture or pattern of movement (Pack-
v 

ard and Rible 1982r. As stated in the Matetials and Methods sedtion, on1y 

the action pa~terns visible above the surface of the water wer: considered. ~ 

; Previous studies looking at the biolôgy of white whales reported 

incidentally on·their behavior during migration and occupation of estuaries 

, (K1einenberg et al. 1964; Yablokov et al. 1974; Fraker et al. 1979; Breton-, ' , 

Provencher 1980; Fin1ey et ~l. 1982; Sjare and SmDth 1986): Behavior 

reported for captive bel~gas <pefran and Pryor 1980) was found, in this 

study. ta underepr~sent the behavioral repertoire of the spècies. 
< 

This 
o 

behavioral repertoire. called'~an ethogram, was constructed to enable compar-

isons between balugas and other odoIl'tocetes, and eventually between differ-

ent stocks or populations of belugas.? ~~ __ \ ~ 

;he major portion of th~ ethOgramr::f be~ugas was co~structed 
o , 

in the 

1983 season. A f~ additional action patter~~ were incorporated into ~h~ 
; 

ethogram dur~ng the 1984 season, as they became visible (Tab~e 10). Sorne of 

the a~tion patterns are illustrated by 1ine drawings tFig. 7). 
d 

The action patterns were divided into five main~activity classes: 

swimming, disp1ay swimming, aerial, interactive, and epimeletic. The names. 
1 • • 

chose~ for the action patterns are as consistent as possible with those 

reported for other cetaceanJstudies~ Complete referencés to action patter~s 
and 

Q 
~hei~ 'possible function are 

Appendix no _ 1. 

re~orted forOmany odontocete species in 

" 
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The period of estuarine oçcupation represents only a portion of the 
\ 

annual cycle of belugas. therefore the present ethogram can only be a par-

tial deseriptian of the total--behavioral repertoire. It must also be 
o ~ 

stressed that Delugas seen atethe Nastapoka estuary are part of a population 

. "-
that has bean eXMnsively hunted in the past and still is, though at a much 

reduced rate, and caution must be used ",hen behavioral compari_sons wi th 

undisturbed populations of belugas are made • .. 
Swinunlng ac~ vi ty class 

Belugas o show several types of swimming patterns. The ordinary swlm-

ming was recognized when there was a gentle breaking of the wator surf ace ," 
• 

wh en whales came, up to breathe, followed by a slight bend in theirltbacks 

when contim1ing t~ir roforward swimming motion. It was the most common mode 

<:> af locomo~ion observed ana was not associated with any" particular event or 

context. AIl age classes, except neonates, performed the ordinary swimming 

in a similar fashion. Upon sudacing for air, neonates jumped higher than 

necessary and caused "the water to splash around them. . The gentle rolling of 

the back, observed in older whales, was not seen in neçnates. 
!J>" 

'Descr~Rtions of ordinary swimming available in the literature often 

l' came from studies conducted in aquaria using underwater viewing equipment 

(refer to Appendix no. 1). These report detai1ed 'and subtle movements of 
j 

the' flukes in addition to th.,e obviolis up and down pumpiflg action of tne tail 

2 whi~h could not be discerned in belugas of this study. 

A beluga was considered te be sk~mming when it was swimming over a 

-short ,distance ,,!ith the head out of the water up to at 'least the level of 

the eye. Skinnning in belugas co~ld: not be aJsociated with any specifie con­

text •. The action pattern in whieh a whale briefly exposed only its blo~hole 
~. .' 

rv 
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or sometimes its head (up ta eye level) when surfacing to breathe was called 

the head up. 

gas. 

. . 
This action pattern was IDost often seen in slow moving belu­

" 
Sounding or vertical diving was recognized in belugas py ?n unusually 

sharp bending of the tail immediately piior to a dive. ·On relatively few 

" ... occasions the taU flukes were raised compietely out of the water resulting' 

in the tail up action pattern. Sounding in belugas did not ap~ar to be 

associated with any alarro or special situations. Sounding is a whaler's 

term reported very early in the literature for sperm whales, Physeter ~ 

don, (Caldwell et al. 1966). Sounding or vertical diving in belugas thus 

appears te be essentially the s~e as reported for other species. 

Leaping' in belugas was' recognized when a whale,~projected itself out 

of thè water exposing at least the forward half of its body during the, ini-

tial thrust and re-entered the water he ad first. , , Adult belugas did not'usu-
o 

'th~ ally c~ear the water when leaping. LJuvenil~s more often displayed 

action pattern by clearing the surface of ~he water. It appeared to 

es'cape reaction . immediite1; foÙowi~g -: group disrtption. L~"""'.116 
be a\ 

is 
., . 

d.esc~ibed ,by man y authors as a jump over the water with a head rè-

entry. Leap~~g has been seen in dall porpoises. Phocoenoides da11i (Mo e-
... 

john 1979), and in killer whaIe~ Orcinus orca (Martinez an? Klinghammer 

1978). Leaps can be performed singly' or severai times in rapid succession. 

Single leaps 
é> • 

were the general rule.; in belugàs in this study. Leaps have 
, r-

in fast moving groups of 'dôlphins {Leatherwood and Walker been 0 bserved 

1979). and when riding the bow of ships (Morejohrt 1979). In alarm situa­

tions. leaping has the advantage of les$ening the drag"'?f flee~ng dolphins 

(He$ter' et al. 
1963).( 1 

~ , " 

"1 
i 

... 

) 

) 



o 
" 

J 

o 

1 Display swimming activity class 
r 

30 

The side an:J.~~ swimming action patterns were put in a separate 

activity class be aus~ they differed from the usual upright swimming pàt-
, . , 

terns. The term display swimming does not confer a function to the actifn 

patterns belonging ta this activity class. 

Belugas were q{ten seen swimmin~ on their side. Side swimm~ng with , 
, the p~tora1 flipper emerging bccurred most1y during social interacttans. 

~ rare occa~ions, female bel~as were seen nursing neonates while on their 

side. Fema1es of several species a1so adopt a si,de position' ta help 
. 

their 

nursing newborns, 

beneath ~he fémales 

but older ~lves ~su~lly tst reach the teats 

(McBride and Kri tzler 1951. Tavo1ga .. 196?). 

by diving 

Erections were seen in side swimming males, and belugas were some­

times seen side swimming with their ventral strfaces close together. On 

som~ occasions one animal would turn onto its side beside another one swim-
~ . 

ming in a regular -(ordinary) position. This iequence of .. events would often 

provoke tail sîàps. In sorne species. sidé swimming has been ~sociated with 

~Iay behavior (Townsend 1914; Tayle~ and Saayman 1?72). I~ Qthers, it 15 

apparent1y part of sexuai behavior or agonistic behavior ~(Morejohn 1979; 

Hamilton 1944; Yablokov et al. 197~). It was found that 
" 1 

swimming was 

the normal way ta swim for sorne bottlenose dolphins, Tursio truncatw(, 
. 

that usual1y li~e in muddy waters (Leatherwood 1975). 

r ~elugas w~e 'often seen swimming on their backs during social inter-

actions. especial1y in large white or large 3/4 length whales that were in .. 
rosette formations (see below). . , Presumed females accompanied by calves were . 
a1so seen sWlmming on their backs Just below the surface of the water, some­

time~ waving their tails froin side to side form:lng an undulat;,ing l:iteral "s" . 
l 

shape. The back swimming action pattern has been rèported to be part of 
" 
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~ locomotor play, high~eed chases, sexual encounters, and social in}erac­

tions in other do1phi~ species (Layne and Caldw~ll 1964; Tayler and Saayman~ 

1972; Saayman et al. ~73; Wursïg and Wursïg 1979; Norris and Dohl 1980; 

Pilleri et ,al 1980). It has a1so been seen to be a common mode of swimming 

for feeding dolphins. Apparent1y this position, as wel1 as ~he side posi­

tion, improves the animaIs' echolbcation signals (Leatherwood 1975). Some 

authors also mention an evident Iateral action of the tail~ur~ng back swim-
, 

ming (Layne and Caldwell 1964). 

fAerial actiyit~ class~ 

Breaching, aerial spin, spy hop, tail stand, pitch polling and tail 

wave were grou.ped into the aerial activity class because they appeared to . 1 

\ 

\ " involve sorne form of aerial visual display or communication. The breaching { 

and the aerial spin action patterns were not "a dominant component of the 

behavioral repertoire of belugas. They were performed singly, most often in 

~ periods when groups were disrupted. 
--

These aerial action patterns se~med to 

cause additional commQtio~ in ~he nerd. When breaching, ,a w~le emerged 

from the water at an angle' close to the vertical and fell onto its sid~J 

" back or front. In the aerial spin, the whale emerged from the water with 

considerable forward speed at an angle close to.the horizontal performing an 

airborne spin or longitudinal rotation before falling back in the water. 

There are several variations of the breaching pa't~ern reported in~he 
odontQcete literature (Caldwell et al. 1966; Martinez and Klinghanuner 1978'; 

? 
Ford and Pord 1981). In a11 the descriptions', the first component, which 

was the projection of the body above the water surface, was present. Varia­

tions come from the manner infWh~eh'w~ales fall back- onto the water surface. 

Sorne ~OlPhins show greater acrobatie abilities. The Hawaiian spinner ~l-

1 
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phin, Stenella longirostris, (~orris and Dohl 1980b) can make severai longi- ~ 

.. 
tudinal revolutions before hitting thewater surface. Other species of dol-

phins ca~ a1so do what authors cal1 spiral leaps or _noisy leaps- which 

require sorne kind of airborne twisting (Piller.! and Knuckey 1968; Wursïg and 

Wursïg 1979; Saayman and Tayler 1979). 
\ 

Larger species of odontacetes such 

as the ki1ler wha1e, Orcinus ~ (Martinez and K1inghammer 1978j Ford and 
. 

Ford 1981), and ~he narwhal, Mono~on monaceros (Silverman 1979); usually 

show a 1esser degree àf aerial ~gility. Sorne authors think that, these mOVQ-

ments play a role in communication between individuals (Norris and Doh1 
• 

1980a). 

'Visua1 inspection of aer~a1 surroundings appeared to be the function 

of at least three aerial action patterns seen in be1ugaf' These involvcd 

s~ationary vertical positions with at leFst the head of the whale above the 

k 
water surface. They were termed the spy hop, the tail stand'~nd pitch. pol-

ling. In belugas, the spy hop invo1ved a single small up and down movem~nt 

of a whale above the water surface exposing the he ad and sometimes the pee· 

; 

tora1 insertions. The pitch po11ing pa~tern occurred when a whale would . 
" , 

turn a10ng its longitudinal axis w~i1e remaining in the vertical position 

with the head out of the water. When a ~hale exposed its body ta at 1east .. 
" the flippers and retained this position for a'few second~t was called a 

tail stand. This last pattern was extremely rare. 
~ S1Y hops and head up Positi~ns hàve been described ~nd reported for 

killer'wpales (Ford and Ford 1981), and narwhals (Silyerman 1979). Pitch 

'rst described for sperm wha1es and in pilot whales, G1obiceph-
. '\ 

et al'. 1966), and in captive killer whales (Martinez lli _s.-c-,*== 

and 

The tailc. wave actiàn pattern was recognized in t>elugas aS a tateral 
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motion of the tail ,abOVé the surface of the water. No function or context 

could be discerned for this pattern. It might have been on1y a variation of 

the tai1 up action pattern, described in the swi~ing activity class, occur-

ring immedrâtely prior to a vertical. -
~ . 

Interactive activity class 
. 

All the action patterns belonging to this group were performeà in. 

groups, and when sometimes e individual directed its'actions toward 

another individual. patte~ns invo1ved hitting the water surface 

with the head, fluke~. These w7re witnessed during social 

interactions and sorne, like the tail slaps, seemep to be aimed at other 

belugas. Flipper slaps and he ad bobs were usually performed in rapid suc-

.-cession by the sarne in~ividual whereas tail slapsland head slaps were usu-

ally performed singly, 

Striking the water surface using the tai1 and f1ukes, called lobtail-

.' " ing, was first described for sperm whales (Caldwell et al 1966). It was 

latar seen in other species of whales and dolphins and could be a sing~e 
, 

avent or a repeated motion (Nords and Prescott 1961; Yablokov et: al 1974). 

It has been reported in feeaing situations as a way to herd fish, during 
, 

play, in initiat10n of sociai interactions, and in agonistic encounters 

prior to a chase (Caldwell et 'al 1966; Norris and Prescott 1961; Saayman et 

~1 1973; Yablokov et al 1974; Saayman and Tayler- 1979). Tail slaps were 

a1so directed at conspecificsrdurin~ mock-battles or sexual encounters as a 

defense mecpanism (Saayman et al 1973; Yablokov et 
oC 

al 1974). 
( 

Head slaps and flipper sla~s were performed singly or in rapid suc-

cession in belugas, as in oth~~ species. (Tay 1er and Saayman 1972; Martinez 

and Klinghammer 1978j Sibrerman 1979). Head bobs are thought to, occur in 
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.. 
aggressive situations (Ford and Ford 1981).. 

I~ a rosette formation, the bel~gas are typically at the surface of 

the water with their heads close together, sometimes with their mouths open 

in à display, or actua11y trying to bite or butt one another. The rosette' 
'<, 

tYPi~llY occurred in groups of large whites and 3/4 length whale~and was 
, 

not considered ta be a true action pattern but rat1fer a consequence of sev~ 

eral whales facing one another. 

The formation resembling a rosette was first rêported for sper~ 

w~hales ,duFing a whale fisheries operation, and was thOU/o be' a manifes-

taUon of care giving or epimeletic behavior. As one whale was shot. "a11 

~he i~iduals o~the he rd (20-30 whales) made a circle like a marguerite 

flower 
" ~' 

around the wounded animal lt (Nishiwaki 1962). There are 

epimeletic or care giving behavior di.rected toward 

conspecifics and sometimes toward other species or aven inanimate objects 

(Caldwell and Caldwell 1972; Yablokov et al. 1974 for a review). In belugas 
'f 

of this study, however, the rosette formation did not appear ta be an epime-

-
let~c behavior because it was mostly associated ~ith rather aggressive 

interactive action patterns. 
o 

The intetactive action patterns that seemed ta be most energetic in 

belugas, such as chasing, ro1ling and tumbling. were performed in groups ~f 

adults qr. jÙVenil~s in w~at appeared ta be aggressive or play situations. 
\ ~ 

Chasing cou1d follow or precede r011in~~and tumb1ing. The pur~ued individu-

aIs 'were sometimes accompa~y calve~ and they were ~ften seen to leap. 

Most of the rolling.was done when several be~ugas were participating in the 

event. Rolling without tumbling was often seen in whales accompanied by 

calves b,ut this ac~ion pattern could not be associated with any function. 

Rolling over in the water several times in a row by a single animal 
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! 
is rep;rted for severa~ dolphin species (McBride and Hebb 1948; Pi~eri et 

al. 1980). The tumbling action pattern ~s-beeh Cl~:sified~a play 

behavior for bottlenose dolphins (ïownsen~ 1914). Chasing is widely 

d f d 1 h~· " d if' . .f( . (S ; reporte or 0 p ~n 1n capt1v1ty, an n ree-rang1ng speC1es aayman et 

al 1973; Silverman 1979). It has also been associated with courtship and 
1 

feeding sessions (S,aa)'plan et al 1973). 

Head butting was rarely observed in belugas and it appears to be an 

aggressive ~ction pattern. Ramming ~ccurs in attack situations in sperm 

whales {Caldwell et 
'1 

al 1966). During increased sexual activity, fighting / 
/ 

seems more often to involve hitting with snout and tail (McBride and He4iS 
\ 

1948). 

Sexua1 behavior in balugas could on1y 
/ , 

be identified in véry few 
/ 

instances. Erections were seen preced~ng the disruption of a group and were 

accornpanied by much tumbling and chasing by large grey in~ividuals (3/4 

length) . Inladdition to the normal male-femalë sexual activities, numerous 
~ 

cases of male-mare, mo~her-young and interspecif~c sexual activities have 

• been reported in the dolphin literature, mostly from captive situations 
, , 

(McBride and Hebb 1948;' Tavolg~ and Essapian 1957; Caldwell and Caldwell 

1972; Tayler and Saayman 1972; Pilleri et al. 1980). 

Epimeletic activity elass 

The term epimeletie or eare giving behavior, first used by Caldwell 

and Caldwell (1966), was assigned, in bel~ga~, to the action patte~ns in 

which eare or help was recei~ed, such as i~riding and suckling. 

Riding neonates were often seen swimming above an ad~lt and, as the 

adult surfaced to breathe, the neonate vas carried for a brief period of 

time. Neonates were also seen just crossi~ over the back of adults as 

/ 

/ 
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these ware surJacing. Larger calvas were rarely seen riding on other 

whales, but it happened on occasiort. The cross~back action pattern was 

recorded separately from the riding action pattern, like the lat~er.' the 

c;oss-back appeared ta give the falves a ~ai~ amount of upward lift and 

help-rhe neonates as the groups swam upstream against the cutrent of the 

Nastapoka River. 
r 

Tomilin (1967) reports that sorne authors have seen female be1ugas 

carrying their young on thair back. He'maintains that if iS~POSSible to 

explain how the calf could hold to the slippery back of th adult, 01." why 

such behavior-should be necessary when the- calf can swim~ wall - on ~ts 

own.. Others authors (see Tomilin 1967 for a revieJ, deny the occurrence of 

suéh behavior and expIa in the reports to be an opti~al illusion created by 

the coordinated movaments of the calf and the cOW when they break the sur~ 

face as they are Qbserved in lateral view. 

Neonate belugas had ta surface to breathe more oft-en than did adu1ts. 

It 'is possible that the strong current existing in the Nastapoka estuary 
l , 

promoted the riding response in neonates. Observations from an elevated 

vantag~ point, su ch as in t~is study, reduced possi?le optical illusions 

caused by lataral viewing. 

The finless porpoisa, Neophocaena asiaeorientalis. 18 known to carry 

its young on its back, aven at considerable speed. The wart-lfke excres­

cen~es present on the back'of the adult presumably prevents the young from 
~ 

"'-

sliding off the adult (Pilleri and Peixun 1979). Oth~r dbservations o~ 

free-ranging dolphins moving,with dead young or objects at the surface or __ J 

underwater show that they could' eas1ly carry their young (Hubbs 1953; 

McBride and Kritzler 1951; Smith and Sleno 1986). 

The hydrodynamic shape of the body of a porpoise i5 very efficient. 
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Under cerlain circumstances, relatively smaH forée is needed to assist 

theïr locomotion (Kelly 1959 in: ~is.an Prescatt 1961). Â farm of ass'-

isted locomotion, termed echelon-formation when a smaller animal 

places itself alongiide an adult. was seen in mother-

young pairs of pacifie striped porpoises, =L~a~~~~~~ obliguidens (Norris 

and Pre~cott 1961). 

Suckl~ng bouts in belugas were presUI\led to,_ oC;cu when a calf was seen 

repeatedly diving close to the genital region of the accompanying a,duit for 

briéf periods of time. No evidence of milk,was ever observed at the water 

surface. In a description of a suckling bout in a young fr~-rangi~g sperm 

whale, it is reported that the calf lies parallei to the parent with tne 

head in the sarne dir~ction holding the teat sideways in the ang~e of the jaw 

with its snout protruding from the surfàce- (Caldwell et 'al. 1966). In cap- _ 
. 

tive bottlenose dolphins, Tursiops truncatus, the infant~may suckl~ seve~al 

times in a bout and surface between suckling. In the beginning, for about 

two weeks. the,female rolls to her side to help the infant locate its source' 

of food, but the young must roll from then on (McBride and Kritzler 1951; 

Tavolga and Essapian 1957). Suckllng in a captive newborn belùga was 

observed at the Vancouver Aquarium (Rewlett '1978). The female would slow 

down and stop pumping her tail,-holding it slightly elevated. then the calf 
. 

woulq roll to one side, grasp the nippl~ and start nursing. It occurred 

sporadically at first, then a tegular pattêrn of one feeding every' 45 min-

utes ta one hour was e'stabHshed. 
\ 

" ... 

, 
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Fa~tors influencing the activity budget of balugas 

, Total activity bu~get . 

The overal~ivity budget of the balugas 'of the 
r--­

Na$tapoka~stuary 

(Table 11) reprasents the frequency of occurrence of all the ae(ion patterns 

observed during the '1984 season. The bu~et vas strongly dominated by the 

ordinary swimming action pattern, it represented close 'to 907. of aIl action 

1 
patterns observed in the estuary. ) 

The swim (or swimm~ng) activity class, excluding the ordinary swim-

roing action pattern, WaS the prevalent activity class. It represented 4.317. 

1 
of the total activity budget, vith the he ad up greatly exeeeding aIl 6ther 

..-
s,winuning patterns. The interactive class was the second Most abundant acti-

1 

vit Y class vith ~ proportion of.2.52% of the total budget. and was domin~ 
by the bail slap. ~h~'swim (or ~wimming) displ~y class, representing 2.297. 

of the total budget, vas dominated by the side svimming pattern vhieh 

accounted for· 967. of that activity class. The epime}et~c and the~aerial 

activity classes vere the least co~on and accounted for 0.647. and 0.457. 

respectively of the total budget. Rj.ding"was the Most common epimeletic 
• t 

action pattern. In the aerial activity class, breaching. spy hopping and 

tail vavlng vere ~h~ction ~atterns Most often observed. 

~ 

Relative iRfluence of environmental factors .. 
It was h~thesized that the activity budge; of the balugas could be 

influenced by e~rinsic and/or intrinsic factôrs. 

topie, the be~vioral data taken concurrently vith .. , 

, 
To inves~i8ate this -­environmehtal variables 

vere analyzed ~~ng a multiple linear regression. As mentione4 earlier, the 

probability ~evels caleulated by tHe stati~tical method~ are ,indicative of 



/ ' 

,/ 

/ 

. ('1.' 

\ 
\ 

r 
.. . 

\ 

ct­
'the relative importance of each factor to the model being investi~ated. 

39 

The ordinary swimming action ~atten was thought to rep~es~nt bnly a 

combinat ion of swimming and breathing motions, thus not conveying interpret-

able information to the observer'other than a normal or regular state of ' ~ 
activity o! swimming whales. Ot~r action'patterns, however, appeared 

\ 
to 

~erve sorne f~ctions even if these functions could not be fully,~derstood 

in the course of this study. Therefore a ratio (R) of the number of . . prom1-

nent action patterns (PAP', which are a11 those listed in Table 11 except 

ordinary swimming) to>the t~~ number o;~action~atterns (TBEH, including 

the o~dinary swimming action patte~n).~as chos~n as the, de endant variable 

on which environmental factors, the independent variables; regressed. 

The dependant behavior variable expressed as a ratio, as a pure 
.,. 

frequency, had the advantage oF being a measure adjusted for herds of B:ny , 

size. 
) 

For the general multiple linear l'agression, the quadrat division was 
• 

not considered and the age structure of th~ Nastapoka herd was assumed to be 

stab~e, .t,hus excluding. the age and qUad,t ,variab~es in th~ e'luation. The 

inverse si~e transfor~ation w~s applied on the 'square root of the ratio of 
. 

PAP, a ratio transformation suggested by Steel and Tarie (1980) when the 

denominators are unequal and when the percentages range betwêen 0 and 20%. 

Environmental factors that were not normally distributed·were also:trans-

formed. The following equation is the general multiple linear regression 
~ , 

eq~ation showing the transfo~ati~s; . , 

. " 

ARCSIN Rl/2 • TM + TIDE + WS + wc + WTl/2 + SIN(WDIR) + WS~ 

+ TBEHl/2 + CI + MED1/2 + OBS + HTl/2 + ETl/2 

• 
where"R • ratio of PAP, TM = time~of day~ TIDE = tidal height. WS = 
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water surface 1 condition, WC = water clarity, WT = r~ver water.tempera~ure, 
TBEH = total number of action patterns countéd in a particular observation 

session (including the ordinary swimming action pattern), CI = Count i~dex, 

MED = median estuary position of th~ herd, OBS = observation number, lIT' .. 

time elapsed aftar a hunt and, ET = time spent in estuary. The residuals of 

this eqùation were plotted and their distribution was found to be rea~onably 

normal. The combination' of all th~environme~tal ~actors explained 43.677. 
, 

of t~e total variatio~ in behavior of the belugas 6bserved in the estuary (F 

- - 9 .. 38, p = 0.0001). 
( 

A stepwfse technique w'as .. then applied, to the gene7al regression equa­

tion in or der to obtain-a model containing only the facfors_ signi~icant at 

the 0.05 level (Table 12). 
. 

Seven factors were thus entered into the model 

explaining '17.167. of the total behavioral variation. Included in -"order of, 

importance, these 

hard (TBEHl/2), the 
" 

factorsJ were: the total number of whales present in, the 

water ciarity (WC), the t~mJ.nt"' in the estu-

'ary(ETI/Z), the median position pf ,the herd,(MED1/2), the count index,(CI), 
1 

the w~nd speed (WSP), and the timr,O~ daY\(TM): _ 

The total number of whales in the estuarY'(TBEH) expla;ned 22.737. of 
j 

the total behavioral v~iati6n. As the total number o~whales increased in 

the estuary, the ratio of promin t action patterns (PAP) decreased. 9 As the 

water clarity (WC) increased, th ratio of PAP dècreased. As the' tlme spent . , 
# 

in the-estuary (ET) inèreased, the ratio of PAP also decreased.· As the 

median· of the he~d distribution (MiD) approached th~ downstream~portion of 

. the estuary, more of the PAP were displayed. The couot index '( CI) 1 which . 

'was a subjective measurement of the quality of the observations, aî~ee~ed 
to have a small effect on the PAP c~ In counts judged as good _tty 'the 

'i' 
observer, a higher proportion of PAP displayed by the belugas was recorded. 

~, . 
, . 
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Wind speed also increased the proportioh of PAP. Finally, a slight decr ase 

in the displai of PAP occurred as the t~e of day passed. , ~y 

/- -/ 

Activity classes differentia~ influenood hy enviranmental factors 

After determining that sorne environmental factors (ad an effe~t on 

~'idtal proportion of PAP displaye~ by. the belugas, it was further hypoth­
\. 

eS~;~~hat classes of action patterns could be differentially influenced by 
v-

the same or other environmental factors. A canonical discriminant analysis 

was used to verify if a combination of physical, temporal, biologieal, and 

• 0 

density factors measured during the scan sampling sessions could effectively 

separat~ the behavioral aetivity classes from each other\, In the discrimi­

nant analysis, the quadrat and age variables were included. 

The data were first tested using the "'lluIt -:'variate Wilks l "Lambda test 

(wifks 1932 in: Legendre et Legendre 1984) in arder to see if sorne discrimi-

nation between the 5 activity.classes could be achieved. It indicated 
, ,/\ 

therè wete sorne" differenees bet~een the position of/,\ (e--' centroids 

activity classes (f = 15.98, Mess tl#l O.w.' The centroids are the 

mean eoordinates of the distribution of each activity class along the dis-
, 

),riminant axes. The position or coordinates of the. activity cl,.ass centroids 

are represented in a three dimensional graph (Fig. 8). Each dimension cor-

responds to one of the discriminant'functions or canonical axes. 

Generalized distances (Mahalanobis: in Legendre et Legendre 1984) 

between~he centroids of the 

(Table l indicate that the 
, -, 

, 
classes and their associated probabilities 

swim and aerial activity class were veTy close 

togethe~, as were the display swim and the aerial activity class., It showed 
, 1 

that there was more distance were between the swim and display swim class 

It a1so showed that the interactive and epimeletic 
1 

\ 
a,ctivity 

J 

" 
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classes were the farthest from each other 'and from the other activity class. 

The canonical coefficients for each discriminant function are listad 

in Table 1.4. Three linear combinations, out of a possiMe four, were found 

ta be important. Most of the qiscrimination between the aciivity classes . 
occurred along the first canonical axis. It showed that age, having the 

highest value (positive or negative) of coefficient, wa~he most imp~Ttant 

" discriminating factor of the entire analysis. Quadrat and time elapsod 
, . 

after a hunt also had sorne degree of discriminating power. Along the first 

canonical axis, the' epimeletic activity class was-Jtsolated from the other 

cla~ses. The second canonical axis permitted fprther discrimination between 

the interactive and swim acttvity classes. It showed that three factors 

shared most of the discriminating power; water clarity, quadrat and time , 

elapsed after a hunt.' Fina11y, the third canonical axis separated the dis-

play swim activity class from the o,ther classes. It had the l:aast overall 

discriminating power, and it separa~d the display swim class from the 
"v 

interactive class. The most important factors in this last linear combina-

tian were the month, the quadrat, the time spen~in the estuary and the time 
1 • 

elapsed sinee the last hunt. 
! 

,i 
\ 

Partial activity budgets 
~ 

help 

Contingency tables of activi~ classes. ~ere constructed in order to. 

interpret the effects of the most influential environmental factors 
( 

found.in the above discriminant analysis. The continuous environmental fac-

tors (RT: time 

elapsed sinee the 

elapsed~nce a 

return :;Lhales 

hunt; OBS: period of the season; ET: time 

in ~he estuary) were ,separated, into 

blocks of approximately the same number of action patterns. Discrete fac-

tors (WS: water elaritv; AGE; QD: quadrat) were put directly in' contingency 
~ 

.. 
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The activity budget of di~ferent age classes showed that as whales 

increase in age. they displayed less of theArdina~y swimming pattern and 
c 

more of aIl other action patterns (Table 15). Action patterns of the epime-

letic activity class involved rnostly neonates} while the aerial patterns 
• 

were displayed mostly by 1/2 length calves. The disp,lay swim patterns were 

most often seen in 2/3 length whalés, the interactive patterns were dominant 

in 3/4 length whales and the adults displayed most of t~e swimming action 
~ 

patterns. 

The activity budget in the different quadrats showed that ~he propor-,. 
tian of'all activity classes increased with a downstream position (Table 

16) . Sounding, an action pattern of the swim activity 
~. 

. i' 

tion to this, it incre?sed 

As the water be~arne 

in the upstream ~~s. 

clearer, the proportion of 

class. was an excep-

the interactive and 

-----the aerial activity classes increased while the proportion of the other 

class7s decreas~d, the sharpest d~cline occurring in 'the swim activity class 

(Table 17). There was -a consistent deèrease of ~erial activity with the 
, ' 

'increase in time e1apsed from a hunt (Table 18). 
, 

;­

Epime1etic. aeria~ and 

'interactive activity classes decreased as the season progres~ed while the 

'display swim activity class increased (Table 19). The aerial activity class 

decreased with the' time spent in the estuary, as it did with t,he time 

elapsed after a hunt. The proportion of swirn and interactive activity r' 

~ " classes a1so decreased with the time spent in ,the "'estuary (Table 20). 

. . , 

/ 
\ 
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Herd structure and social behavior 

Structure of groups 

Belugas were often observed ta approach the mou th of the estuary in 
(' 

fairly large groups (50 or more whales). When the whales entered the estu~ 

ary, they would disperse into small~ ~OUPSI ranging between 2 and fS indi~ 
- J 

viduals. Lone whales were also present in the estuary herd. Hera, groups 

are defined as any number of whales swimming in very ~ proximity ta one 

another. . The boundaries of groups were usually easi1y disce~nab1e because 

whales did not tend to disperse widely from' one another in the estuary, 
1 

although the groups were smaller they tended ta be closely knitL-

T~o basic types of groups were identified, the mixed a e groups (MAG) 

and the simllar age groups·(SAG). The mixed age c.., 
q 

and the similar age 

m9s tly 

of a11 Qf females land, calves, 

adults or aIL juveniles. Table' 21 i's an inventory of al1 the members of 272 

groups, which' cornes exclusively from focal sampling. The Most comman groups 
:. 

observet in the estuary were the MAGs of 4 or ,more animaIs (140 groups). 

Groups of whites and 
( 

3/4 len&ths were the.most numerou5 and attained the 

largest' size (12 whales~ of a11 SAGs. Couples and triads (one adu1t per 

group) were the 1east common groups along with the singletons. The largest 

groups were MAGs and the smal1er groups were'either MAGs or SAGs. (Fig. 9). , . 
The mean group sizes for MAGs and SAGs were 7.67 and 4.54 respectively. 

(; 

J ----------------Group stabili ty 

r . Focal s~pling revealed that groups were not Btate units. 

~s often joined or brGke away from other groups. In he 45 focal 
1 

-MkGs and, 
of .-~--

samp1es 

which st.rte~f MAGs sessions (total of 234 min.) 16 group changes 

---------~-----------------
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occurred. MAGs joined or split from other MAGs an average of 4.1 times per 
0\, 

hour. In the 37 focal samp1ing sessions which started as SAGs (tot~l of 156 

min.) there were 21 group changes. SAGs joined 'or split up from other SAGs 

an average of 8.14 times per hour. Group changes also occurred between the 

two types of groups. MAGs and SAGs jQined or split up 47 times during the 
~ 

total focal sampling period (83 samples, 390 mi~.) on average 7.23 times per 

hour. MAGs mixed with other MAGs significantly less often than SAGs mixed 

with other SAGs (X2:: 4.7825, p<O.OS) ,or than SAGs mixed' ,with MAGs (X2= 

4.3798, p<0.Ô5). There was, however, no significant difference in group 

changes between SAGs and. SAGs and MAGs (X2= 0.2033, p>0.50). In compari-
1 

son, MAGs were more stable than SAGs, and SAGs were involved in most of the 

encounters between.groups. 

Membership stability of groups was also v~ified using individual 

identification. In Appendix, 2, every identification is listed' along with 

information about the'group age structure and the presence of other identi-

fied whales in the sarne ~roup. Although the closest associations were 

between a mother and a calf, on sorne occasions a particular parent was seen 

un,accompanied by 'i ts calf, a neonate or a 1/2 length (ID #'?' 7 -07 - 84, 

14-08-84; ID #10, 1-08-84). Identified whales were seep in either a SAG or 

Whales 

whales. 

asions, however, these were seen ta change group type. No 

associations between 2/3 

of both group types were 

length and older whales were noted. 

seen \ccompa!lied by different individual 

Behaviora1 repertoire of,groups 

In addition to the diffaxences in size, composition and stabi1ity, , ' 

the two types of gr~ups a1so displayed different behavioral repertoires 
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22). Encounters between MAGs and SAGs are a1so represented in this 

leJ(S~Gs + SAGs, MAGs + MAGs, and MAGs + SAGs). Some action pattern,s 
" 

in the formaI ethogram are absent from the list of behaviors sean 

fGcal sampling, b~t three adùitional action patterns were rocorded: 

ubbles, stirring, and head out. Bubbles were evident as big pockets of nir 

Ising ta the surface. Stirring was a rare event witnessed in whales that 

, ere .. lûcat'::!d close to the tower. • Its purpose, or even its occurrence nre 

still a mystery. This action pattern occurred when a whale was close to the 

bottom of the water column and as the whale appeared to be moving, patches 

, of brown reddish water appeared at the surface oI the water: 
o 1 

Finally, the 

head out action pattern WàS recorded when a whale kept its head out of tho 

water, without moving fow~rd or down. Th!s action pattern was considered to 

be slightly different from, the' spy hop in which a whale lifted its head out 

of the water only for a very brief moment. 
! , 

Focal samples that began as SAGs (similar age groups) displayed 22 of 

the 25 action p~tterns (88.0%) observed during the total focal sampling 

period·(6.5 hrs), while those that started as MAGs (~xed age \groups1 only 

displayed 12 (48.0%). During the different group encounters, more different 

action patterns were observed when SAGs jo~ed other SAGs, thàn when MAGs 

joined other ~Gs (56.0% and 32.07. respectively). Encounters between SAGs 

were c~aracterized by more aggressive and dynamic action patterns such as " 

tumbling, rolling, hea~ bobbing, tail kicking, rosette formations and open 
ft 

mouths. Encounters between MAGs were overall less energetic and involved 

more head up, spy hop, skimming, side aad back pQstures and, as could be • 

ex~ected. neonate ridi~g and s~ckling which were exclusive to MAGs. When 

SAGs mixed ,-with MAGs, a lot of side postures, chasing"tail kicking and 

leaping were observed. However no rosette formations, open mouth or tumb-
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ling were witnessed during these encounters. The MlG + SAGs{ total reper-

toire (52.07.! was less than that of SAGs but still more than that of MAGs. 

Cluster of action patterns in groups 

A cluster analysis was performed on the non-parametric (Spearman) 
1 

correlation matrix .of. action patterns and group changes in order ·to identi,fy, 
1 

close temporal associations between them. Since focal samples were of rela-

tively short duration (average of 5 minutes), temporal associations signi­

fies those that obcurred in the same focal sample. MAG and ~AG focal 

samples were analysed separâtely (Figs. 10 and 11). 

In the MAG sample~, seven major clusters ~ith low or negative inter- f 

cluster,correlation were identified. Three clusters were formed of only one 

action pattern each: tail wave, stirring and tail kick. Splitting of the 

original group was accompanied mostly with bubble blowing ~nd sounding. 

Skimming was closest to ~iti~g. Joining and splitting from SAGs was accom­

panied by rolling chasing and leaping. , The largest cluster included the 

back swim, head up, riding. head out, side swim, and suckl~ng. and wks char-

acteristic of encounters involving MAGs on1y. 

In the SAG samples. t?e were a1so seven major c1usters with rela-

tively low and negative inter-c uster correlations. The largest cluster 
., 

which inc1uded ing from other SAGs contained biting, tumbling, open 

'mou th, head out, rolling, taïl wave, tail kick, flipper slap 

and sQunding. Open mou th ad out occurred most often in rosette forma~ 

tions. Two clusters ~omprised only one action pattern each, bu~bles and 

head slap . Close couples of action patterns were rid1ng and aerial spin. 
. 

and cbasing and leaping. ~~tting of the original group was closest t~ 

skirruning and head 'Up to breathe. ( 
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'.,. 
Sequences of action pattern~ in groups .. 

Correlations between action patterns 'do not provide information on 

the s~quence of these events. For t~ purpose. transition matrices of pre-

ceding and following action patterns during the MAG and SAG focal samplos ., 
(Table ~3 and 24) were eonstructed aceording to the model given in Lemon and 

Chatfield (1973). These ~atriees were' Jubjected to chi-square analysis to 

revea'l possible dependencies 'between tw~ adjacent aets. 
1 

Sequences of avants 

in groups should more c~oselY resemble a complex we~ther than a simple 

chain of probable events. It was expected that1a high degree of variability 

at each action pattern step existed. 
1 

',_ 1 

In 'the MAG samples, e,ight action patterns were found to ba depandant 

(p<O.OS) on the preceding action pattern, and are identified by an asterisk 

in Table 23. No group changes were dependent on the preceding action pat-

tern. In the SAG samples, 23 action ~atterns were found to be dependent on 

(p<O.05) the preceding one, and are identified by an asterisk in Table 24 . 

Two group changes,'mixing with SAGs and spllttiQg from MAGs, were depandent 

on the preceding action pattern~ Overall, more action pattètns in SAGs were 
\ ..,. 

dependent on the preceding one than wère those in MAGs. 

The estuary habitat appears to provoke a break-up of larger groJVs 

which had travelled together in the open waters of Hudson Bav
J • The differ-. ~' 

ent groups were different in age (size) class composition, size, group sta-
.... 

~ility, behavioral,repertoire. associations between action patterns and 

group encounters, and degree of stereotypy of sequences of aC(ion patterns. o 

MAGs were larger, more abundant and showed greater membersnip stability 

(less group changes) than ~AGs. Their behavioral repertoire, on the other 
, . . 

hand was smaller but showed a lesser degree of stereotypy in sequences of 

e'lents than SAGs. 
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DISCU$SION " 

The ~xact reasons for the occupation of estuaries by belugas are not 

yet defined clearly. Studies still underway indieate that the answer could 

lie in 'a combiné:\tion of behavioral and physiologieal factors (St-Aubin et 

the summer are extremely varied in their morphology;- water properties-and 

level of prod~tivity (Praker 1980). The only apparent factor common to aIl 

arctie estuaries is the presence of warmer and fresher waters .compared to 

the surrounding sea~. 

The study site at the Nastapoka estuary allowed long term observa-

tians of belugas at close range because of exc~11ent water clarity and ~ 
.. 

low depths. The frequency and regularity of Inuit hunting at this estuary 

enabled me to observe the behavior of whales for a sufficiently long time 

bet~en. each disturbance. 

There were sorne problems related ta the age determination method. 

Although age structure are usually based on age classes,. in this study, they 

were based on size classes which were found to correiPond relatively weil to 

age ,classes in other studies (Sergeant 1973) •. In sueh an age classifica-

tion, individual variations, birth periodicity and sexual dimorphism are 

likely to produce some overlapping in older age classes, but for the neo-

t~ " 1 

nates and 1 year olds, which are easily distinguishable from the others, 

probability ~f error is minor. 

Another problem arose when disturbances occurred too el?se together 

in ti~e. This did not_allow the whalés to fully recover to their pre-

disturbance numbers and must have influenced the analyses. 

Numbers of belugas slôwly increase at the Nastapoka ~stuary and 

remain at a peak for several weeks during the summer months. The total 
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estuarine occupatio~ period is longer at the Nastapoka estuary than in high 

aretie estuaries such as the Mackenzie estuary (Fraker 

Cunningham Inlet, Somerset Island (T. G. Smith pers. corn.) but 

estuaries of the western Hudson Bay region (Sergean1 1~73). This probab~yO 

relates to the longef summer period in lower latitudes. 

The concept of ~median position of the herd in the estuary was use­
~ 

ful in assessing the relative influence of the environmental factors on the 

disttlbution of the whales. Ins~de the Nastapoka e~tuary, the distribution 

of belugas was mostly related to the tidal cycle, with whales advancing and 

retreating with the flow and ebb of the tide. Larger herds of whalas were 

seen higher upstream than smaller ones, indicating that whales generally , 
preferred to oecupy qûadrats not tao distant from the open ocean. When 

these were filled or too crowded, whales had to occupy the quadrats higher 

upstream which were farthet from the open waters of the bay. 

. In ltough seas, su ch as during periods of choppy water surface ~ànd 

high northerly winds, wh~les tended ·to occupy the upper portion of the estu-

ary in greater numbers, suggesting that the y could a1so use the estuary as a 

shelter. I~ these cases, the observations ~ight also have been biased 

because of reduced visibility of whal~s in the quadrats 4 and 5 
\ 

because of 
o 

their proximity ta the open ocean where.waves ~re highest.· 

As time went by after the return of the whales,to the estuary rollow· 

ing a hunt or a disturbance, they tended to oceupy the upstream quadrats in 

greater numbers. It i~ impossible to separa te the effect of herd size and 

pas~age of time on the position of the belugas in the estuary. 

Whales(tended to ~CCUpy the upstream quadrats in sma11er numbers when 

the wàter was turbid. Perhaps this was related to them being reluctant to 

s~ay in a confined environment when their underwater vision was restricted. 

/ 
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\ 
When the river water was warmer, whales tended to occupy the upstream 

quadrats in greater number. This factor.was the least significant to the' 
ttI 

-' 

distribution of whales and further investigation is needed to explain this 

result. 

The count index ~as an the variability or repeata-

bility of the same observer. to find out if the condition of the 

observer, suchoas fat~O~~~ ~nfluenced the results of the 

observations. When the observer felt fatigue, he tended'to miss whales 

located in the most upstream quadrats. This had\the effect of biasing the 

median position of the herd toward a more downstream location. This effect 

was found to be v~ry minor Qowever. 

No significant difference was found between the age- structures ... 

obtained from the two sampling techniques, scan and focal.- Therefore, a 
. ..\' 

smaller sample of age structure would be suff'1Qient to evaluate accurately 
, . 

, , 
the average seasona! age struqture and could be utilized with sorne degree of 

cphfidence in the future. 

As mentioned in toe Results, no great variations were observed in the ., 

age structure 

summer season. 

in the beluga herd in the Nastapoka estuary during the 1984 

The statistically significant Variations picked up by" the 

analyses were sm~ll and·are, in several càses, difficult to explain. Never­

theless, possible explanations are ?ffered below. 

The average age structures of 1983'and 1984 were found to bé slightly 

different, but, no age class by itself was .shown to vary significantly 

. between the two years. The ~ombined age' classes of 

length whales were i 9und to ~ somewhat lower in 1984. 

- ~ . 
2/3 length and 3/4 

The age'distribution 
~ 

of the Nastapoka herd appears, thus, to be fairly stable over this two year , 
period. --

\ 
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Th~ age.elass composition of the herd 'was shown ,to vary slightly 
1 

within the 19~ season. AlI age classes exhïbited some variations. 'The 

largest variation occurred in the 2/3 length class when, between t,he dates (if 

of the .17 July and 7 August~ where it decreased by 50 percent. 
r 

This 

, drarnatic decline could beifn indication that weaning of this age class lS 

occurring during this perLod. The 

17.437. to 20.44% within the sarne season. 

neonate ~r~portion only varied 

If the estuary ~as used as a 
.,-/ 

frdm 

cal-

ving , ground, as suggested ,by Sergeant (1973),. w~ should have 'seen a much 

more pronounced seasona,l in,creasè. Variations in other age classes were of 

small amplitude and cannot be explained without fu~ther investigation. 

Significant variations in ,age composition were found between quAdrats 

~ of the estuary. Young calves (neonates and 1/2 lengths). were uniformly dis-

tributed in aIl. quadrats, indicating uniform u~,ilization of the whole estu-

~ 
-

ary by pair,s of mothers and young calves (since calves were acc'ompanied by 

adults 

)loeated 

assumed \ to be 

in,theO m~le of 

their mothers). The 3/4 rength whales were mostly 

the estuary and the whites' were mostiy located in 

the outer portion of the estuary. 
\ 

This tendency for ce~tain age classes to 

utilize certain ~abitats more than others could indieate that, pe~haps# the . \ 

different age classes do not oecupy the estuary fo~ the same rsasons, or for 

the same purpose. This topie needs further investigation sin~e it relates 

directly~to the question of why belugas occupy estuaries inthe'first plac~. 
, 

The age composition of the whale herd was observed ta vary following 

the reeovery periods, when the whales we~e graduaIIy re-oee4pylng the estu· 

ary. Among the first whales'to retu~n ta the estuary, there was a predom-
LI 

inanee of white individuals. Whites would then gradually aeerease in number 
• 

and remaîn at a number below their e~pe~ted leveIs., This c.oul\ indicate' 

that adult individuals'(white) would only ~tay in the estuary for relat1vel~ 

.. 

~' 
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sho~t periods of time. During the first few hours, there was a lack of 2/3 , ~ 

and 3/4 length ind~viduals, 'indicating a somewhat longèr recovery period for 

these age classes. It is possible that these age classes would only return . .. 
\~o the estuary if ~hal~s had already occupied ~he estuary for sorne time. 

, 
Neonates and 1/2, length. calves were again the most stable age classes, indi-

cating that these classes, along with their mbthers, were the most regular 

visitors of the ~stuary. ..,. 
li 

The average proportion of neonates (19.2%) in th~ Na5tap~~ herd ls 
( 

v 

one. of the l}.ighest among .tJ:lose that have been pubHshed to date for belugas.· 
, ",. 

In the literature, percentages of, neonate belugas ln estuaries usually 
. 

ranked between 87. and 14% (Sergeant 1973; Breton-Provencher 1980; Finley et 
-" 9. 

al. 1982; Davis, and Finley 1979; Heyl~nd 1974), anq exceptionallyoit ranged 
,P r 

between J8ï. and 23.8% (Norton and Ha,rwood 1985). Several @easons could 

explai~ ~he high percent age of neonates in'this study:' The differences in 

a~e structure could be due ta differences in surveying t 7chniques, where the 
, 

majority of counts f~om aerial surveys and photos could be biased toward th~ 

more visible white belugas", and miss the smaller darker' calves and counts 

made from shore observation posts could be blased toward neonates because 

they breatbe more frequently. 

If the Nastapo~a beluga he rd were,representative of the eastern Hud-

son Bay population. an estimate of tbe recruitment could b~ calculated from 

age class proportions. The percentage of neonates (19.27.) divided bi the 

percentage of matura females (35.257.) y~eld§ a cal~ produçtion of 0.54 calf 

per year, 
'W 

or one calf per female every two years. 
\ 

This figure ls higher 

than the aferage calf production repbrted for ,western Hudson Bay belugas. 

Wh~~S sli,ghtly less than one calf pèr f~ale every 3 years (Sergeant 

1973) and which had'a gross annuaÎ reproductive ra~e oflO. ~3. The discre-

\ 

"'1 
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pancy between the two est'imates of calf production could indicate that the 
(;Il .. • • -

Nasüapoka he rd ls not representative of its eas~ern Hudson Bay population. 

r 
This is probably the case since the estimate of sex ratio/indicates an unus" 

ually high proportion of famales in the Nastapoka herd . 

It appears that pairs of females accompanied by calves in th~ir third 

year (2/3 l~ngth) are not fully represented in the estuary. However, sinee 
i 1 

there is a seasonal average proportion of 2/3 length calv~s (11.41.) present . ' 
in the estuary, females that would be'their mothers are e~ther absent, or 

accompanied by a neonate. 

Since there are no independent estimates of ag~ structure outside the 

Nastapoka estuary with which to compare this ag~ structur~, figures of calf 
1 

production and recruitment pre~ented here cannot yet be used as estimates of 

annual production rates. 

" From a management point of view, a pr.'oduction could De. 

maintained if eligible females mate with However t the 

hunters at .the Nastapok~ estuary harvest female accompanied by young wh en 

large un~ccompa~ied w~ales cannot be found. This might indicate that~the 

hun~ers ha~e over~harvested the male proportion of the estuary stock and are 
• J 

now utiliz'ing the reproductive 'core of the. population. SÙong site tenacity 

coupled with a high proportion of neonates are characteristics of the Nasta-
o 

poka herd which makes it extremel~ftvulnerable to over-exploit~tion. Portu· , 
~ 
nately" hunters have agreed to greatly reduce the parvest of these females 

,in the fut~ whenèver possible. 

Belugas at the NastapOka were f9und to be very site tenacious. The' 

, same whales were seen to retur. to the e~tuary a,fter- repeated h7-.d dis­

turba,nces. Recovery periods of' at least two days for !a hunt and olle day for 

'mo~r disturbances w~re found to be necessary for wqales to re-establish 

-, 
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themselves in the es~ Such recovery periods, however, do not allow the 

whales to occupy the estuary for a 'very long period of time, only two days 

on average from the time«' of the return of the first whale. lt would be 

expected that.continuous or frequent disturbances wouid eventually decrease 

the time whales can occupy the estuary and might eventually lead to its com- , 

pIete desertion. This might be-what happened in the Great Whale River estu-

ary and what is probably occurring atr~he Mucalic River in Ungava Bay (Smith 

" pers. com.). The tiJlle between two sequential disturbances should not, at a 'Î \ 

minimum, exceed the time required for whale numbers to build up to their 

usual maximum levels. If the aisturbance regime were to increase from the 

present level of w~k-end hunts and occasional boat traffic. the whales 

might severely reduce their occupancy of the estuary and possibly' aitogether 
, . 

abandon the Nastapoka site. 

The ethogram of the beluga species compiled during the present study ... 
) 

incomplete sinee the summer estuarine occupa~io~ on~~ rep~esents a brief . is 

portion o~ the annual life cycle of the whales and there is an obvious lack 

of behaviar assaciated with feeding, resting and mating •. Feeding in su ah a ) 

small area is nat likely and empty stomachs of whales harvested in the'estu~ 

ary support this idea: Resting or sleeping was thought ta be impossible 

~ecause of the strong curreQt existing in the estuary. -The reproductive 

• season of belugas i5 in early spring as shawn by ovarian analysis (Brodie 

1971) and nothing is yet known of their benavior' at that very important 

period in thelr life cycle. 

1 
Most 'action 'patterns observed for belugas of the Nastapoka were very - - . 

similar ta those reparted in the lt~rature for other species of free­

ranSing and captive odontocetes (see Appendix 1; Norris and Dohl 1980b; 
) 

Wursïg and Wursïg ~979 and 1980; S ayman and Tayler 1979; Martinez and 
\ 

1 

~ 
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Klingharnmer 1978; Tayler and Saayman 1972). '" The present study on free~ 

ranging belugas shows that ~dO possess as wide a -behavioral repertoire 

as most odontocete species·. 

The two most distinctive behaviors '" seen relatively in this often 

study were the formation of a-rosette and the riding. The rosette formation 

was not really an action pattern, but rather a consequence of several whales 

in social contact with their heads close together. It was reported for the 

first time in sperm whales in a eate giving situation (Nishiwaki 1962). lt 

has also 

aretie (T. 

been seen' in ''belusafas part of social contacts in the Canadian 

G. S~ith pers. corn.).! Sightings in which mature belugas were 

seen to persist in carrying inanima~e objects (Smith and Sleno 1986) support 

the idea that small calves could just as easily be carried by their mothers 

or that calves 

onlY one other species of 

ienta1,;i.s, (Pilleri and 

of adults. It has been abserved in 

porpoise Neophocaena asiaao~~ 

1979).' In the present study, the riding 

action pattern is not thought to be an aptîcal illusion as discussed in 

'; Tomilin (1967). 

• 

The ordinary swimming was, by far, the dominant action pattern seen 

in "'belugas of the Nastapoka. AH the other aedon patterns ;"'t!~bined, only 
, ' 

made up lOk of th~ total activity budget af the whales. This portion of the 
~ 1 

activity budget was found ta be influen~ed by the following intrinsic and 
, 

extrinsic factors. \1 
o ~ 1 

whales in th,e estuary see~ed ta inhibit the display A high den$ity, of 

of more divérse observable action patterns. A negative relltion was found 

between water clarity and the amount of PAP dispà,ayed. Turbid water condi-, 

tions ~emed to encourage the display of a greater amount of action.patterns 

above the water sur~aee other than ordinary s~imming, perhaps helping in the 
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communication b~tween whales when underwater vision was limited. T~ time 

elapsed sinee the return of Wh~ the estuary after a disturbance (ET) 

was also found to be influential. As ET increased; the r~tio of PAP 
\ 

decreased. indicating. perhàps, a certain peri~d of adjustment following the 

return . ,tf belugas in the estuary. The amount of PAP displayed wou Id then t 
. 

return to the presumed normal or average levei. As the median of the herd 

distribution approached the dOWnstream portion of the estuary, more of the 

PAP were displayed. This could indicate that the -éonfinement or novelt'Y 

aspect of the upst~eam quadrats could have acted.as a deterrent on the dis-

play of more prominent action patterns. Decrease in w~ter depth in the 
; 

downstream quadrats, on the other hand, could also have acted to increase 

the amount ofoPAP displayed above the water surface because of the lack of 

vertical space. Qpservation perlods subjectively judged as good were gener----ally counts where a higher proportion of PAP was displayed. This suggests 

that when all the obse~ation conditions we~ favorable, su ch as a low level 
, 

'of fatigue of the observer and a generally good visibility of the whales, a 
u ' ~ 

signifi~an( increase in the proportion of,PAP was registered. It was also 

found that during periods of high winds, belugas tended to be more active 

above the water surface. The effect of high winds cannat be readily , 

explained and further investigation on this Èopic is needed for interpreta-

}~ 

Finally. a slight decrease in the display of~P Iater irt the àay was 
II, < 

, found by the~analysis. This could be an indication of a dieL cycle in belu-
v 

"'- gas of the estuary.. Well marked diel and sèasonal activity cycJ.es are 
, 

widely reported for odontacetes. Shane (1977) found significant variations' , 

of sorne behaviors with 'respect ta the season and the time of day in bottle­

nose dolphins'of the Atlantic. Saayman et al. (1973) ,showed that the behav-
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ior of both captive and'free-ranging Indian bottlenose dolphins ~as signifi-

cant1y influenced by a di~rna1 rhythm. In sorne species however, such as in' 

captive Amazon dolphins, ~ geoffrensis, no well-marked diel activity 

. cycle could be found (Layne and Caldwell 1964). -
The discriminant analysis used on the same set of data showed 

the five activlty classes co~~d be effectively different~ Irom 

another using combinati'ons of biologieal and environmental factors. Jtlohg 

that 

one 

each of the discriminant functions one or a few factors predominated. Age 

was found to be the most important factor of the first function showing that 

it had a more pronounced effect than any of the natural or human induced 
c A 

factors measured in the estuary. The importance of age was not un~xpected. 

In other studies, age was a1so shawn ta play a role in differentiating 

between ~ehavior (Saayman and Tayler 1979; Saayman et al. 1973) However S ' 
comparable quantita~ive information on this subject ls not yet availahle in 

the cetacea~ literature. 
"----~ 

It was surprising that the behaviar of belugas would only be slight1y 

\inf1uenced by human indueed disturbances. l expected that the whales would 

show mueh greatJr variation in th~ir hehavior in résponse ta disturhances. 

A 

A possible exp1an~tion for the observed lack of variation' in behavioral 

response in whales after their return to the estuary was that the-whales 

recovered behaviorally from the disturbances outside the estuary and only 

returned when the y 

levél of activity. 

were water clarity, 

feit secure enough or when they returned to their nermal 

Other factors shawn toJhave lGted discriminating power , \ 

quadrat', and time elapsed afte hunt. 
J ' 

Water tûrbidity in coastal areas has been though~ ta indu~e side 

swimming in Tursiops (Leatherwood 1975). 

been found to, be a vety,influential factor 

In other studies, habitat has a1so 

on the behal or (of odontoce~es. 
. '~j 

1 
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Shane (.1977) found a highly significant effect of location on both feeding 

and mating activities of coasta'l bottlenose dolphins of Texas. ' 'Saa'Yma-6 and 

Tayler (1979) observing humpback dôlphins (Sousa sp.)~ found significant ,-

variations in moving, feeding, social activities and resting behaviors 

" between different types of habitat such as in areas of sheltered sandy bot­

~m and unsheltered rocky coastline areas. Wursïg and Wursïg (1~79) report 

that the movemehts and behavior of bottlènose dolphins of the south Atlantic 

were influenced by tide and nearshore rocks. 

There was distinct group type segregftion in belugas of the Nastapoka 

estuary. l found groups cpntaining ca11e~ and accompanying adu1ts and 

groups of large white individuals with no calves. These groups have often 

been reported for belugas elsewh,ere (Tomilin 1967; Yab1okov et al. 1.974). 

Bel'kovich and Yablokov (1965: in Yablokov et al. 1974) demonstrated that 

mixed schools ,of belugas, females and young, consisted of genetical1y 

• 
related specimens. Such family grou~ are a1so thought to occur in sperm 

whales (Best 1979) and in ki1ler whales (Bigg 1982). 
\ 

'" In addition to the groups with calve~ and the groups ~ontaining only 

adults, l a1so found groups of belugas composed only of juveniles, 1/2 or 

2/3 length, and groups composed of a combinat ion of these two age classes. 
&, , 

1 also feund groups of only sub-adu1ts, or 3/4 length, and groups of sub-

adults -associ~)ed with large juve~iles, or 2/3 length, and groups of sub-
~: . 

adults in association with large adults. Such-varie~y in group age composi-

sperm whàles (Best tian is a1so reported in narwhals (Si1verman l~a~d in 

1979.). 'It i5 "possible that the relatively smJll area. of the Nastapoka River 

i5 responsible for further break-up o~ the beluga groups usually seen during 

this time of year in other areas. 'It i5 also possib~ that the confinemept 

of the estuary is favorable to the formation of juvenile groups which would 
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normally " stay within the safety of nursery groups, accompan~ed ~ thei~ 

mothers. 

Belugas i,n the present study demonstra Bd a high dearee of fluidi ty 

of groups of the sarne type. Group ~embership was constantly ch~nging in a11 

types of gro~ping, although mixed age or nur ery groups demonstrated gre~ter 

k,l'lb'ility. With the limited he~-p.. of individual identification through natu-

ral marks, né permanent association between adults or other non-neonate 
l 

calves could be discerned. However. more s'ystematic obsàvations of identi-l .. ' 

fied individuals might show otherwise. Interactions betw~en the rnixed age 

and sarne age groups were characterized by a high level of aggressive-like 

behaviors. The similar age groups were observed to be the instigatàrs of . . \ 

most of the interactions between the groups. The i~resSion was gained th~t 
\ 

nursery groups did not solicit any social contacts with members of the other 

group type. f 

,./ 

~ ,summary, the d~fferent groups showed variations in age-class corn-

position, size, group stability, and behavioral repertoire'. Differences 

were a1so noted in the associations between action patterns, and degree pf 

stereotypy,of sequences of action patterns between the two types of. groups. 
o 

MAGs were larger, more abundant. and showed greater membership sta~ility 
~ 

, (less group changes) than SAGs., 'TheirFbehavioral repertoire, on the other 

-hand, was smaller and showed a lesser degree of stereotypy in sequences-of \ 
~ 

events th~n SAGs. 
, 

SeveraI. studies demonstrated a fair degree of fluidity of subgroup 

si~e and composition 

'specie~ (WursïS}1978; 

within larger groups in several coastal dolphins 

Norris and Dohl 1980b;-Wells et al. 1980). From my 

observati'ons, l found that belugas have a rather st,ructured social organiza-. ' 

tion duri~g their occupation of the Nastapoka estuary. Group types are dis-

\ • 
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tinct ~nd do not seem to easily mix with, different ~roup types without dis­

p1aying a~onistie behaviors. Mixing between the sarna types of groups, how-

ever, occurred frequently and without much disruptipn. ,Fluidity of group 

membership, therefore, appears to be limited in belugas of the Nastapoka 

estuary. The flUidi~ of memhership appears ta. he.unly occurring withi~ the 

same type of groups, where identified individuals were often seen with dif­

ferent identified individuals. My infor~ation on the social structure of 
; 

belugas is very limited since there are no data on social organization out-

" , , side the estuary or during the spring when mating takes place and )fe social 

structure would be Most evident. Behavioral observations priO~ and dur­

ing the period of reproduction would be the Most informative but unfortu-.. 
nately this occurs in the open ice filled seas during late winter conditions 

and data from this period will probably always be seant. To furthsr our 
4, ' 

knowledge, we would have to extend our observation season, pt~perly mark or 

t.. tag individuals of knewn sex, and, if possi~le, monitor their movements and 

activities using radiotelemetry. 

\ 
c 

" 
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Table 1. ~pearman rank correlation coefficients betwden t~ enviroment;l 
fa~tors, and the median position of the whale herd in ~he Nastapoka estuar~ 
in 1984. : " __ _________________ .J.: ____ ________ .... ___________ ~..:-. _____ .; _____ ___ .... _______ ..... ___ _ 

'" Env"ironmenta1 Correlation "Probability / 'Number of 
factor 0 Coefficient (!R!). ,of a greà'ter : !R! Observations 

, . 
--------------------------~---~----------------------- -------------------

Tide -0.39845 0.0001 349 
,II Tota). count -0.33728 0.0001 ,351 

Water surface 0.32272 0.0001 351 
Estuary time -9·23086 0.000l' 272 
Hunt time -0.21195 0.0004 272 

~ 

Win<:\. speed ~ -0.16976 0.001'4 .. 351, 
Wind dir. (Sine) -0.14865 0.0053 351 
Water c1arity 0.12183 0.0224 351 

'le Count index -0.11.8'70 0.0262 351 
Water temp.(fresh} -0.1137"1 0.0332 351 
Time,of day 0.06737 0.2080 351 
Obs. /1 (season) 0.00189 0:9752 274 

----------------------------------------------------~---------------------
.* Bias introduced by the observer. 
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Table 2. Contingency table of the age structure of the Na~poka herd in 
1983 and 1984 estimated by focal sampling. A deviation s~atistic Z was cal­
culated for'each cell and compared with the critical value of z (2.73) given 
a significance level of 0.05. None of the ~ells showed significant varia­
tlon~ Age c~~sses 2/3 and 3/4 were combined in 1984 beçau~e these classes 
wererlready cornblned in the 1983 data. ',_ (" 

" -

----------------~---~--------------------------------- -------------

Age class 

1983 

Ons. (percent) 
Z statistic 

1984 

Obs. (percent) 
A"" Z ~tatistic 

------------------------------------------------------ ---~---------

Neonate 240 (16.37.) 3'09 (19.17.) /' 
1.4715 1.3128 

1/2 226 (15.37.) 257 (15.97.) 
0.3046 0.2872 

2/3 + 3/4 441 (29.97.) 411 (25.47.)-
1.7775 1.8309 

'..-,. 
White' 568 (38.57.) 640 (39.6%) 

0.3837 0.3967 

X7=9.5082, df=3, O.01<p<O.025 

.. 
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Table 3.. Contingency table of the age structure of the Nastàpoka herd in ( 
different quadrats of the estuary during~the 19S4 seasop using scan samp­
ling. A deviation statistic Z was calculated for each ceLl and compared , 
with the critical value of z (3.0256) given a significanée l~vel of 0.05. ~ 
Cell values which are s2gnificantly différent from thaexpected value are 
marked with an asterisk. ' 

------------------------------------------------------ -------~------------

Q1 Q2 Q3 QI, 
-,- --------------------------7 ------------------'- ------------

"Age class Obs. (percent) Obs. (percent)' Obs. (percent) Obs. (percent) 
Z statistic Z statistic Z statistic Z statistic , 

----------------~~---------------------------------------------.-----------

Neonate 1278 (20.5%) 2486 (19.9%) 1258 (17.6%) 1369 (lB. 2iO 
2.8693 1. 8354. ~e 3.2546 2.0722 

1/2 931 (15.2%) 1992 (16.0%) 1125 (15.8%) 107/, (14.37.) 
'0.4266 1. 6207 0.7899 2.5852 

, 
2/3 649 (10.6%) 1581 (12.7%) 888 (12.5%) 671 (8.97.) 

1.9505 ~( 4.1051 2.5527 'le 7.2206 

3/4 606 (9.9%) 1773 (14.2%) 1045 (14.7%) 814 (1Q.87.) 
,- 'le 7.1721 '* 4.4626 'le 4.2657 l" 5.0958 

. 
White 2663 (43.5%) 4644 (37.2%) 2818 (19.5%) 3584 (47.7%) 

III 2.7609 'le 7.9141 ' Z.4331 'le 8.6139 

;:- - (- - - - - - - - - - - - - - - - - - - - - - - - - 0: - - - - ... - - - - - - - - - - - - - - - - - - - - - -/- - - - - - - - - - -,- - - - --

... ---", (; .. 
• 2 

X =342.4939, df=12, p<0.005 

", 
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Contingency table of t~e age str~~ture variation of the Na~tapoka 
herd over the 1984 seaso,n. Thé, dates l isted are mean values of dates for 
blocs of equal sample·slze. A deviation statisticcZ was ca~culated for each 
cell and compared with the critical value of,z (3.0256) given a significance 
levei of 0.05. Cell values which are significantly different from'the 
expected value are m~ked with an asterisk. ~ 

17 July 7 August_ 20 August " 29 August 
--------------------------------------------------------._---

Age class Obs. (percent) Ohs. (percent) Obs. (percent) Obs. "(percent) 
Z statistic Z statist:ic Z statistic \Z statistic 

------------------------------------------------------ ---r------------~---~ 
Neona~e 1455 07.~ 1733 (20.4%) 1670 (20.07.) 1542 08.9%) 

<> 
~, 3.9657 2.58l7 1.6840 . 0.6223 

~2 1143 (13.7%) 147'4 (l7.4%)~ 1257 (15.1%) • • 
1254 (15.4%) 

• 1( 4.2544 '/{ -4.5117 0.7863 0~0187 . 
"-

l 

547 (6:6%) 2/3 1484 (17.8%) 736 (8.7%.) 1022 (12.5%) 
)', 14.2083 ~ * 8.4982 )'( 17.3304 3.!>l7d ~ 

-
3/4 910 00.9%) 1226 0,4.4%) 1029 (12.3%)' 1077 (13.27. 

"1 5.1-238 ~( 4.2706 1.0690 1.1922 

White 3355 (40.2%) 3:3'10 (39.0%) 3844 (46.1%) 3259 (40.07.) 
1.6985 ~( 3.5317 * 6.7856 2.0206 

, '.' rJ. . 11, 

-----------------------------~----~-.~-------~--------- ---~------~-------

·X2=703. 7002, df=12, p<O.005 
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Table 5. Contingency tah~ of age structure variation ovér increasing 
blocks of periods of time elapsed since the return of belugas to the estu~ry 
(ET) during 'the 1984 season. A deviation statistic Z was calculated for 
each ce Il and compared with the critical value of z (3.q2s6) given a signif~ 
icance level of 0.05. Cell values which are significantly different from 
the expected value are marked with an asterisk. 

Age class 

< 30 Hrs. 30 'to 75 Hrs. 75 to 135 Hrs. >135 Hrs. 
------~-----------------"----------------------------- -------
Obs. (percent) 

Z statistic 
Obs. (percent) Obs. (percent) 

Z statistic Z statistic 
dbs. (percent) 

Z statistic 
-- ------- ---- - .--'. - ~-------- - ------- -- ---- - .---- -- ------- - - ---_ .. -- - ---- - _ .. -
Neonate 1600 (19.27.) 1687 (19.67.) 1498 (18.77.) 1568 (19. 3iO 

0.0140 0.9267 1.1164 0.1L,Vl 

1/2 1257 (15.17.) 1275 (14.87.) 1267 (15.87.) 1299 (16.0;0 
• ' " 0.8893 0.7870 1.3992 1. 2827 

-J 
,'~ 0 

2/3 814 (9.87.) 912 00.67.) 1117 O;L 97.) 928 (11.47.) 
"......~ 4.8284 2.2618. 1, 6.1719 0.0215 

'> 

3/4 
, ,. 909 (10.97.) 1109 (12 .-97.) ~ 1011 02.67.) 1158 (14.27.) 

4.9056 0.6600 û.6901 1, "3.8394 

White 3751 (41. 37.) 3605 (42.07.), 3124 (39.07.) 3179 ('39.17.) 
'le 5.3700 1.0174 1, _ .3.s25û ~f 3.3577 

---------------------------------------------------------------------------

• • 

r 

" 

~=16i.60i4, df=12, p<0.005 
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Table 6. Calendar of identification of belugas at the Nastap~ka estuary 
during the 1984 season with referenc~ to those ident~fied in 1983 (*) and to 
_the dates of the disturbances; H = Hunt, M = Motor (continued on next page). 

--------------------------------------~---------------------~-------------
• Whale Identification Number 

---------------------------------------------------~-- ----------
~c '* * * '* * * '* DATE 1 3 4 7 8 10 H 15 17 19 20 22 23 26 28 30 31 37 39 41 42 44 45 

----------------~------------~----------------r~------ --------------------

6-July l l 
M 7- Il l l l l l 

8- Il , 
H 9- Il 

M 10- lI-
t 

11- Il 

H 12- Il l l l 
13- Il 

14- Il 

2H 15- Il 

~ 
Il 

17 Il l l l l 
18- Il l l l' l 
19- Il I l l l 

J 
.,... 

20- " l l l l 
21- Il l l l .. 
22- Il l l l l l l 
23- Il l l 
24- Il l l l l l 

M 25- " l l l l 
26- Il l 
27- Il l l l l l ,1 
28- 11 l l l 

H 29- 11 ( 

30- .. l l l -- Il i 31- l l l l l l l l l l l l 
t-Aug. l 1 l l l l l l l l l 
2- .. " 1 l l l 
3- .. l l l l l l 
4- " l l 1 l l 
s- Il l l l l l l l 
6- Il l' l ~ l l l l l 
7- n l l • -H, 8- It 1- 1 1,\ 
'I- Il 

10- Il 1 

~ 
-'" l . " 

11- Il 

12 .. Il l, l ( ·1 l 
13- " 

"\ , 

------.--------.--~----.-~----~--------------------~--~-------------------, 
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Table 6 (continued'. Calendar of~identificàtion of be1ugas. 

1 
- - - - - -- - - - - - - - - - - - -7 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ ... - ... - - - - _ ... _ ... - - - -,- - - - - ... -

Whale Identification Number 
-------~-----------------~-----------------------------------, 

DATE ~; 4 t10 ~1 ~5 ~7 19- 20 22 ;3 26 "28 30 31 3; '39 41' '42 :4 ~:5 
~ ----------------- --------------------------------------------------------

14-Aug. l ,~ -1 l ~ 
15-" l l l l • l l 
16- lIt III l l 

L 17-" III l 
H 18- l l 

19-
M 20-

21-
M 22-

23~ 

M ' 24- " 
25- " 
26- Il 

27- " 

l l 
l 
l 
l 

28- " 
29-" l l 
30- Il l 
31- Il l 

1-Sep. 
2- Il 

l 

l 
l l 

l 
l 

l 
l l 

l 

l 
l 
l 

l 

l l l 
, , 

l 
.1 
l 
l 
l 

l . 

1. 

l 

l 

l 

l l 

l l 
l' l 

l 

l 
l 

l 

l 

l 
l 
l 

l 

l 

l 
l 
l 

l 

l 
l 

--------------------------~---------~-------------------------------------
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Table 7. Minimum occupation rates of-the Nastapoka estuary by individually 
identified belugas using scars and natura~ markings during the 1984 season. 
___ 1 ________________________ ~ ______________________ ~-- ____________________ _ 

Wha~e ID 1/ Total observation 
period (days) 

Number of days 
of occupation 

Percent estuary 
occupation' 

-------------~-~-------------------------------------- ---------------------. . 
'II 1 ... 26 10 38 % 
'II 3 26 14 54 ,% 
'II 4 25 7 28 % 

7 25 7 28 % 
8 25 6 24 % 

'II 10 24 11 46 % 
11 23 4 15 % 
12 24 2 ~ % 'le 15 23 11 4 % 

* 17 24- 8 33 % 
19 21 2 10 % 
20 [----'--

18 .8 44""'7. 
22, J 19 5 26 % 

{e...,23 19 5 26 % 
26 

.... 
18 2 11% 

28 12 5 42 % 
30 19 3 16 % 
31 13 2 ~ 15 % 
37 13 3 " 23 % 
39- Il 5 45 % 
41 13 '3 23 % 
42 10 ~ 40 % 1 

'1e.44 7 5 71 % 
* 45 6 1 17 % 

------------------~-~----------------------------~------~-----~----------~-
~e Whales identified in 1983. 
Mean minimum estuary occupation = 30.46 % ± 15.89 7-

a 

• 

t 
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~ 
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'fable 8., Recovery time Çf whales . the Nastapoka estuary as a resu1t of 
h~nting acti~ities during\ the 1983 d 1984 seasons. . 

Date Initial 
count 

, 
'* Partial 

Recovery 
(hours) 

---------- ':' ---- --------- -- ------f- --­., * Total ** Recovery time.of 
Recovery identified wha1es 

> (hours) fi of hours (ID no. ) 
--------------------------------------------------.------------------------
23/07/83 100 35 48 

"'bt, 

09/07/84 88 19 50 

12/07/84 Y 36 35 380(8). 117(10,11) 

15/07/84 2 25 
./' 

15/07/84 25 26, 48 

29/07/84 114 f:: 45 

08/08/84 31 58 144(3), 56(39) • 18/08/84 209 . 11 12 48(15) 

'. ' 
--------------------------;--------------------------- -~----------------~--

'* Recovery time: Partial= return of first whale ta estuary;' Total= return 
of >70% of Initial or pre-disturbance count to èstuary! 

• 0 

~ 

<:)) 

~ 
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, 

~ 
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Table 9. Recove.y time of whale~ in the Nastapoka estuary as a result of" 
moter traffic activities during the 1983' and 1984 seasons. 

-----------------------------------~--------------------------------------~ 
Date"' lni tial ~(Partial' 9 * Total ** Recovery time of ' 

count Recovery Recovery identified whales 
(hours) (hours) fi of hours (ID no.) , . 

---------------------------------------------------------------------------
25/07/83 

03/08/83 

07/07/84 

10/07/84 

25/07/84 

20/08/84 

22/08/84 

24/08/84 

, ' 

70 24 

105 28 

. 101 ,28 

40 20 

117 16 

129 

14 2 

207 15 

33 

28 

36 

22 

41 

5 

5 

27 

165(1),372(3,4) 
574(7),106(.8 ) 

42(10),236(20) 
169(19),177(26) 
123(23) 

33(1),104(3) . ... ----- -'- ----------- -- ----- -- - ----- --- - - ------ ---- ------ ------ -- - ------ -- --
~c Recovery time: Par.tial= ret;urn of first whale to estùary; Total= return 

of· >70% of InitiàI or pre-disturbance count'to estuary. 

l~ 
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Table 10. Ethogram of white whales in the Nastapoka River estuary. 

-----------------------------------------------------------------~~-------
Class of Action Description "~~ 
activity pattern ~ -
------------------------------------------------------------------------~-
Swi~ing Ordinary Gentle rolling of the back'~hen surfacing ta ',. 

Il 

Il 

fi 

.. 

" 

'LeapJng 

Sounding 

, 
\ 

Tail up' 

Skimming 

Head up 

breathe. ,\, 
'~ 

Projecting the body out of the water exposing the 
fow~rd half of the body during the initial thrust 
and relentering the water hea..o/first. 

Diving into the water with a sharp bend of the 
tail stock. 

Lifting the flukes out of the, water whon sounding. 

Advancing through the water with the head h~ld 
above the water s~rface; 

Raising on1y the head to c1ear the blow hole whon 

~~PlaY Side swimming 

surfacing to breathe. , , 

Swimming in a foward motion on the side. 

SWi!!!!!i\ t 
Il Back . swimming Swimming in motion, on the back. 

Aerial ~eaChing 
\\ 

Ae~i~in 

Projec'\ing the 
• position and fa 

front or back. 

" 
of the water in an oblique 
the water on the side, 

Il 

Il 

Il 

Il 

p'rojecting the body out of the water in a 
horizontal position and spinning on the 
longitudinal axis before falling in the water. 

\ 
Spy hop \, Raising the(body out of the water in an upright 

\ vertical POS\tion exposing the head and neck. 
\( 

Tail stand \~aisi~g and maintaining the body out of the water 
fIt. an upright position by vigourous tail movements 
(v~ry short duration). 

\ 
Pitch polling M~intaining th~ body in an upright position with 

~ the heàd out of the water while rotating on the 
. . longitud'i?al axis. ' \ 

.U Tail wa", Ho.lng th~>~il from side to _ ~ • 

C-----------..::--- ---~ --..,-.-----,---- ----. 2'l.,-;- - - - -- --- - • .:.---,;. --- --- - ----,-- ----- ~ 
, \ ' 

\ 
\\ Il ... 

\ 
'! • .. 

'.1 
\ 
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Table 10 (continuedJ. Ethogr~ of white whales. 

_._---------------------------~----------------------- ---------------------
Class of Action Description 

\. ' activity pattern . 
----------------------~---'------------------------------------------------

. Interactive 

" 

Il 

" 

Il 

" 
Il 

Il 

Il 

Il 

.. 

, Epimeletic 

Il 

" 1 

Head slap Hitting the water surface with the chin and 
throat. 

Head bob' Small up 
JI 

and down movements of the head at the 
water surface. 

Flipper slap Hitting the ventral part of the pectoral fin 
l against the water surface. 

Tail slap Striking the water surface with the flukes of the 
fr' tail. ' 

Open mouth Whales facing one another with their mouths ope~, 
thus forming a rosett~ formation. 

Biting 

Chasing 

Rolling 

Tumbling 

Hol~ing with the mouth any part of another whale. 

Pursuits between whales. 

Longitudinal tur~ing at the water surface. 

Whales rolling on top of each other and tusslin~. 

Head butting Hitting against another whale using the head. 

Erection 

Riding 

Cross-back 

Suckling· 

Erect penis seen when a whale exposes its 
ventral surface above the water surface. 

One whale maintaining a parellel positi~ on 
back of another. 

the 

Crossing over another whale at the water surface. 
0, 

Young calf repeatedly diving clqse to the genital 
area of an adult. 

, -
------~--~----~------------~--------------------------------------~-~~-----

\ l...-/ 
.. ), 
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Table 11. Total activity budget bàsed on frequency counts, of action 
patterns obtained from scan,sampling during the summer of l

rf 
st the 

Nastapoka River estuary. Pattern counts and percentages ar ,summed ~o giva 
the class counts and percentages. The ordinary $wimming ls reated 
~ rately~ The ordinary swimmi~g total percentage and the class total 

tages add up to 100%, or to the total actlvity budget (continued on 
"ge) . 

-----------------------------0---------------------------------------------
tivity class 

Action pattern 
Class count 

Pattern count 
Class total % 

Pattern total % 
-----------------------;--------------------------~---------~------._---

swinuning 

Swimming 
Fast 
Leaping 
Sounding 
Tail Ûp 
Skimming 
Head up 

Swim Display 
Side swinuning 
Back swinuning 

Epimeletic 
Riding 
Cross-back 
SUCklinsf\ 

\ 

'Aerial 
Breaching 
Aerial spin 
Spy hop 
Tail stand 
Tail wave 

29,921 

178 
92 
48 
94 
42 

981 
-----.---

1,435 

~ 

732 
._30 

----_.---
-\ 762 

194 
16 
4 

---------'1 
214 

48 
14 
40 
9 

, 38 
------\--

149 

89.78 

0.53 
0.28 
0.14 
0.28 
0.13 
2.94 

------ .... ~ 

4.31 

2.20 
, 0.09 

--- -----. 
2.29 

0.58 
0.05 -
2·01 

--------
0.64 

0.14 
0.04 
0.12 
0.03 
Od1 

.... _-----
0.45 

, " 

---------~----------------~---------------------------------~-----~--------, , 

" 
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Table 11 (continued). Total activity bu~get. -<'", 

---~------------------------------------------------------------~----------
Activity class 

Action p~ttern . 

Class count 
. Pattern count 

Class total % 
Pattern total % __________________ ~~ _________ -- ______________________ J ____________________ _ 

1 

Interactive "-

Head slap \ 29 0.09 
Head bob 38 ~11 
Flipper slap 4 ' 0.01 
,TaU slap 378 1.13 
Rosette *(194) )'sa. 58 , . 
Open mouth '10 0.03 
Biting 1 r 0.00 ' 

""1 
Chasing , 16 0.05 
Rolling .65 0.16 
Tumbling 102 O~31 
Head but 2 0.01 
Erection 7 0.02 

--------- --------

<1 

) 

, 645 2.52, 
\. U) 

. -;,;~~;;. -~~-~h:- ~~~~;~~~~~~-~~~~~~-;~~~~;~~-~~~~-~~~~-~~-;~~~~~~~~~~~~~~: . 
.. 

1 
... 

, ~ .-... .,.. 
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Table 12. Result of' thE} :.stepwise regression Qf the ratio of prominent 
action patterns (PAP) ta the, t<?tal numtîer of/~ctrofi patterns (TBEH) on aU 
environmental factqrs. 

# • 

. . 

82 ' 

, 
---------------~------------------------------~---------~-------------------
Variables added Estimated F of each Prob > F R2 of mod~l after 
successiV'ely in regression vat'iable in, the addition of 
the model at coefficient the last ea~h new variable 
the 0.05 level in las t model model - ______________ - ___ -_~ ____ ~ ___________________________ -- ______________ ~ __ s __ 

. , 
~ -

~ 

TBEH -0.0224 < 25': 70 - u 0:0001 0.2273 

wc ~0.0693 20.78 0.0001 0.2854 , 

ET -0.0076' 6.65 0.0105 0.3113 
c' -

MED 0.1454 9.21 0.0027 0.3295 

CI 0.0506 6."57 0.0110 • 0.3444 , 
"'. 

wSP -0.p054 6.34 0.0124 0.3565 
"-.a"'~ 

TM -0.0001 5.81 0.0167 0.,3716 

. . ---------------------------------------------------------------------------
T'BEH = Total number of action patterns counted in one observa'tion session 
WC = Water clari ty ,,"~ ( 
ET = Time (hrs.) elapsed sinèe the return of whales in the estuary 
MED = Median of the distribution of whales in the estuary . 
CI = Count index 
WSP = Wind speed 
TM = Time of day 

" , 
• 

( 
..... 

\ 
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Table 13. 

0, 

Ma~~lanobis distan~e (D) and associat~d ~r6bability (p) between 
the activity.class cêritrQids. 

, t 

------------~-----------~-----~------_:_-~~~-----~-------------------~ 
".Activity ... EJ>~melet:tc Swim D~sp. S~im. Aet1al Int~l;rïctive 
Class. . ~ ..... 
----------~-----------,---------~~---------~-----~----~=-~------~----~-

~, .'""!P '" l '" ~ "v- ~ .. "0 

;p 2.0443 ,~;;. 
0.0000 

Epimel~i~ D 
. p 

1 , 

Swim D 
p 

Display D 
swim y-. 

/ 

/ 
.r'-

Aerial D 
p 

Interactive D 
p 

'* 2 .... 0259 
0.0000 .. 

-" 
~ 

~ 1'.0709 
0.0000 ' 

-:, 0.4440 
0.0001 

/ 

,', 1.6089 
0.0000 

cr.6530 
0.987S 

0.6496 
0.8668 

~, 0.6687 
0.0000' 

.. 
,', 0.4756 

0.0000 

~, 0.6809 o. - .0 0.0000 

---~----------------------------~-~------------------- -----------------

- /'. 
D2 is significant\U') if P < 0.05. r 

) 
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Table 14. Coefficir,nts of the diseriminan~ functi'ons based on the 
'environmental fact~rj, including age, recorded during each observation 
session in 1984. "The most discriminating values are pt;eceeded by an 
asterisk., • -

'-/ 

--~-----------------------------------------------------------------------" 

84 

Environmental First Discriminant 2ncl Discril:.mioant--------3-l"d Discr,iminaht 
Factors function . ,.,function __ ' function 1 

----------~------------~::_~:~~~=~-------~~:~:~~~~--------~~::~:~:~:_-----
Phystcal factors 

Tide 
Water surface 
Water clartty 
Water tempo 
Wind direCtion 
'Wind speed 
Quadrat 'l 

Temporal factors 
Time of day 
Month ".. 

Time in estuary 
:Ume from hunt 

Biologiesl factor 
~ge of whale 

DE!nsity factor 
r Total Il of whale'S 

Obs.erver bias factor 
Count index 

, .. • ~01Z8 
',~ O.O~D. 

-Q. 0::,64 ~, 
0.0098 
0.0289 

-0.0271 
"/( -G.1464 

~ 

·0.6S92 
0.0171 
0.0054 

"/( -0.1093 
" 

~( 1.1215 

o ;'Q,;a84' 

0.0077 

-0.2682 
0.3297 

~ -... :.t~., _.0.5579 
• -O. O.:n~· ~''', J-

. 0.1215 • 
0.28'07 

,'( -0.4378 

'li 

0.0879 
-0.:-:3103 

0.0411 
,'( . 0.4072 

0 

. , 
'0.012.9 

".. 

-0.3463 

-0.1772 

; 

* 

0:1033 
-0.3367 
-0.0131 " 

. ,Q. 07.58 "­
-O. Va2 ~, / 
-0.0398 
0.5936 

0.2113 
'1( -0.7588 
'/( -0.4510 
'/( O. 4~13 

0.0056 , 
0.2586 

0.0440 

------~----------------------------------------------- -------------------• , f 
J . , 

.. .. 
~ 

/'. 

'"1) ~ " .. ) 1 

" 

.. 
• .. 

,. \ .. 

, ... 
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Table 15. Activity budget of agé c1as~es based on frequency counts of 
action pat~rns obtained from scan samp1ing i~ 1984. The totà1 bud~t of 
each.age c1ass (1007.) is cp1culated by summing all the pattern percenta&e~ 
for the' particu1ar age c1ass (cont~nued on next pagé). 

, ",.. 
e- i ' 

Age classes 

85 

-~-.----------------~_------ ______________________ L ____ ~ __ 

Neonate 1/2 2/3 3/4 White 
~ ___________________________ - ________ 4 ____________________________ ~---------

Activity c1ass Pattern Patt~rn Pattern Pattern Pattorn 
Action Rattern percent percent percent percent percent 

~i~~~~~;-~~~:~~~ ---~~~;; -~---- -~~~~~-----~-;;~;~ ----- ~;~;~,-.--~; ~;; ~,- ---
.. Swimming 

Fast 
Leaping 
Sounding 

.. Tail 'up 
Skinunil'lg 
Head up 

) 

-'l 

Swim Disp1iay 
Side S:wimming 
Back swimming 

Epime1etic 
Riding' 
Cross-back 
Suckling' 

Aerial 
Breaching 
Aerial spin 
Spy hop 
Tail stand 
Tail wave 

-

~ . , 
,.-0. 56 

0.48 
0.02 
0.23 
0.02 
0.75 

------
2.06 

0.27 
0.02 -------
0.29 

1 

'2.25· 
0.19 
0.03 

----? 
2.47 . . 

b.05 
, 0.00 

0.11 ~ 

0.03 
0.0,0 

0.19 

0.56 
0.39 
0.14 
0.76 
0.10 
1 :05 

------
3.00 

2.22 
0.00 

--"f---
2.22 

0.62 
0.02 
0.02 

------
0.66' 

"" 0.31 
0.23 
0.16 
0.06 
0.06 

------
0.82 

0.24· 
0.42 
0.13 
0.24 

'0.11 
2.1.6 

#'-----
3.30 

'2.88 
0.16. 

------
3.Q4 

0.29 . 
0.03 

~ 0.03 
------. 0.35 

• 

0.24 
. ,0.00 

O. ~8'· 
0;08 
0.18 

------
0.68 

0.38 0 .• 67 
0.12 0.15 
0.09 0.23 
0.31 0.13 
0.17 0.18 

f 3.32 4.76 
------ ------

4.'tJ9 6.12 

" " 

2.81 , 2.71 
0.17 0.12 

---- .. - ------
2.98 . 2 ~ 83 

0.07 0:03' 
0.00 O. '01 . ~b.çO . 

0.00 
---- .. - .-----

0.07 0.47 

0~09 0.12 
0.02 0.01 
0.12 0.09 
0.00 O. dl 
0.19 0.'15 

~ ------ ------
0.42 0.38 

.. 

~, 

... 

G • 
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,Tab1~ 15 (continue4). '~ctiVity ~udg~t of age classes. 
-.) s 

Age classes 
-------~--------------~------------------------------- ----

--~- __ :~----'--~,-----~~~~::=- ----;~:.:_-- -~---~~-~-~~~- -------~~~=----_ \" 
ÂFtivity class P~ttern Pattern~' ~ttern Pattèrn Pattern-

~ Actiorl pattern p~r~ent percent percent percent percent 
, " . 

-------.~-----------------------------~~---~j~-------- ---------------------
Interactive ' 'i • 

" Head slap 0.02 0.06 
Head bob 0.08 0.12 
Flipper slap 0.00 0.00 
Tail sIap 0.13 .. 1.25 
Rosette '1< 0.00 0.00 
Open mouth 0.00 0.02 
Biting 0.00 O.pO 
Chasing 0.00 . 0.08 
Rolling 0.D3 0.08' 
Tumbling O.Ol 0.64 

---Head but 0 .. 00 ( 0.00. 
Erection 0.00 <t.00 

------ ------

~ 

. 0.13 
0.11 
0.05 
1.66 
0.48 
0.05 
0.00 
0.08 
0'.29 
0.84 
0.00 
0.03 

------

0.02 
0.19 

-0.02 
1.91 
1.06 
0.12 ' 
0.00' 
0: 01 ~ 

0.35 
0.40 
0.02 
0.05 

------

0.14 
0.11/ 
0.01~ 
1.18 
0.95 
0.01 
0.01 
0.04 
0.15 
0.13 
0.02 
~.O~~' 

0.23 2.25 ~). 72 4.15 2.75 
----------------------~---~_.------------------------

. 100.00 f 100.00 100.00 100.00 
.1 

;00, . 
, . 

---------------------~----~---:-------_._---------------------_._----------* 23.127. of the inte+active actipn patt~rns were done in rosette formations. 
J 
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T~b1. 16;" Activity budget in ~~aLa~~ base<! on frequel'cy count. of acti:\; 
,patterns obtâined,from scan sampling in 1984. The total budget i~ each ' 
quadrat (100~) is calcu~atëd·by summing all the pattern percentages for the 
particular quad~at (contil!ued on neKt page). _ , '-

Quadrats 
--~---------------------~----------- ____ • ___ ~_~~ __ M ___ _ 

o 1 ' 2 J. 4 
- - - - - ~ - - - - - - - -1- _ -: - - - - - - -. - -'- - - _ - - - - - - _______ ~ ___ J _ _______ i ______________ ~ 
Activity class Pattern Pattern Pattern) Patte~n 

Action pattern ~, percent .J percent percent percent 
--------------------------------------------~-----------------------------~ 
Ovdinary swimming . . 
Swinuning 

Fast' 
Leaping 
~unding 
TaU up 
Skinuning 
Head ';\p 

Swim Display 
Side swiffiining 
'Back swimming 

Epimeletic 
lUding 
Cro~s-bac~ 
Suckling 

" Aerial 
Breaoàing 
Aerial ipiil 
Spy hop 
Tai! stanà· 
Tai! wave 

/' 

Il 

90.21 

0.03 
0.10 
0.70 
0.33 
0.02 
0.47 

------
1. 65 

0.72 
0.07 

------
-'0.77 

/0.08, 
0.,02 
0.00. 

,-----­, 

0.01 

, 

0.13 ~. t 

0.02 
0.03 
\ 

0.33 
0.05= '-

0.56 

93.94 

0.14 
0.20 
0.04 . 
0.30 
0.03 
0.95 

------
1. 66 

1. 67 _ 
0.0.1 

------
1. 69 
--

}44 
. ~06 

0.00 
_.----

0.05 

: 
, 

0.06' 
0.10 
0:03 
0.30 
0.03 . --. ---. 
,0.52 

87,.41 80.21 

1, 
.,.iI ' 

0.35 0.20 
0.46 0.37 
0.00 0.00 
0.21 0.29 
0.14 0.32 

" 3.49 -/7.59 
---.-- ------
. 4.65 . 8.71 

.' 

\ 3.04 3.43 
~,21 " 0.11 

----.- ------
' 3.25 3.54 

0 

0.74 1.08 
0.03 0.07 
0.06 0.00 

---_ .. - '\ ------
0.83 1.15 

, 0.07 0.33 
0.01 

<J 

0.00 
0 .. 22 0.24 
0.21 0,,29 
0.25 0.17 

.. ----- ----~ 
0.76 
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Table 16 (continued) • AcJivÜY~ ~udget in quaqrats. 
0 

Quadrats . . . 
---------------------------------------~---------------

1 2 3 1" 4 • 
-.-------------------------------~---------:------~------_._-------.-------
Activity class Patternc>~ Pattern Pattern Patt;ern 

Actibn pattern percent percent. 'percent percent ,. 
____ ~--~-----~~~------------------'---------~-----~~-- __ ~_~ ___ ~-L-~-------- .... 
Interactive 'ô , . 

Head- slap 0.20 0.01 0.04 0.16, 
, 1 

0'.02 0;02' • . 0.24 0.23 Head'bob' 
~0.2S Flipper 51 ap ,0.00 " 0.01 0.17 

" Tail ~lap 0.69- 0.86 1.05 2.00 
.. ..:l'-

~ .... , ~ 

Rosette ~( 0.00 -0.64 0.32 1.21 
Open mouth l' 0.00 0.03 0.08 0.00 
Biting 0.00 0.00 O. 01~d " 0.00 

..... Olasing' 0.03 0.02 ' 0.07 t- 0.08, 
~olling 0.05 0.15 0.19 0.39 
Tumbling 0.05 0.22 0.p2 0.36 
Head but 0.00 Ot02 *0.00 0.00 
Erection 0.00 0.00 0.04 0.05 

------ ----~-- ------ ------
1.04 1 . 1.98 2.91 4.65' .. 

-----~------------------~-------------~--------------- ---------------------, . 
Tutn' 100.0~ - 100.00' 100.00 100.00 

'" . 
______ : __ - ___ -_- ____ "' __ - _ - __ - __ ~ - __ ~_ - _.- ---_ - - --_\. - - - -1"" __ -' • ..: - - --- - ------ -_ 

* 20.517. of the interactive action patterns were done in rosette formations . 
. • L 

) )" 0 

• ,0 

-
6."':1 w 

'i-'I'.," ~ , , / ' . 

,,!~ -
r ~. , 

! 
~ 

f· " , ... . , 

/' 
, . . 

0 40 .' -

• 

.. 

) 

-
...-. 

..,. 

' .. 



'0 

, . 

1 

" 

" JJ 

'} 

.. 

. , 

, , 

"1 .. 
ljI • 

89 
, . 
j 

, r " f 

Table 17. Activtty budget 
) clarity b~ed on frequency 

1 ... - il .-

l' 1.,. ç-
of activity ~lasses 'in pifferent degrees of wator 
counts f~om scan samples in 1984. 

~ ." , - ----u-- - --,--:.- -s' .... -_ ... - - - - --,,- ... -:- - - -- ... --- - -'_ ... - - - ......... -- - _ ... -- - --'- ... _ ... _ ... - - _ ... _ ... -- ....... ,_ ... 

'~C~~Vi;y class ~-~~~:~~~~-_. --:---~-J~~--:-~-~-----:-~::~~:~ ~ TO:1 
• - i " Frequency FI equency Frequenc'y Freq\Jency Mean row 

_~_! __ ~ __ ~ _______ ,_~~~_: ____ ~~ l~_: ____ :~:~_: ____ c~~~~_: _____ ~~::~~:. 
l ' ~ ". 

o inary Swim 865 J 2498 17651 - 8 25 29139 
,,85.56 88.71 90.12~ ~9 79 89.82 

. 
Swim 73 134 81'8 • . 308 1393 

\,\. 
, 7.22 4.76 4.48' 3.4,1 4.29 . , .r-

, 'Qisplayl swim 31 78 418 201 728 
3.07, 2.77 i.13 2.23 2.24 

t' 

Epimeletic/ 8 / ,21 
~ 
125" -"56-- 210 

() 0.79 0.75 0.64 0.62 0.65 

Aerial .. '\~ . 4 2i 72 47 144 
0.'40. 0.75 0.37 &. O. 52 0'. 4/~ 

- . 64 829 ", Intpra~,tive 30, 443 292 
2..97 2.27 .2.26 3.23 2.56 . ' 

t 1 ~ .,.. 

-----------------------------~------~-~~-------------- -------r~------------,.' .. -,'" .... : 
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! ' 
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\ . . , 

. , 

• 1 

b 



\ 

• • .. 
, \ 

.l't 
~. . . 

,1 

! 
: 

)' 
\ ' . 

~ 

'1 ,- .' l 4" 

1 \ . ' 
Table 18. 4ctivity budget of activity clal.èS in ~reasing periods of time' 

frequency co '\!S from scan sampllis in 19R4-. , e~a!,sed after ~. ~,t ba~ed on 
, '1 . V 

• 4 

1 • 

'-~-------------------------------~-.~-_._--~------------------------------~ 
~ 125hts. 125 to 190 .teo to 279 > 279hrs.-

Activity class ~~~~~;~~;-~-;~~~~~~~;---~IÇ~~~~~~;~-.-~;~~~~~~;- ~::~l row 

-- --- _:: -----,- ------~~:~_::. --~ :~:~ _:_- --~:~ _:_----~~:~ _:- ---~::::~: ~ 
Ordinaryf swim 7302 7747 , i 7276 7284 29609 

Epimelétic 

Swim 

Ci DislSlay swim 

Aerial 

I~teractive 
r.. 

9"8.08 90.83 ·89.44 89.94' 89.84 
.\ 

45 
0.55 

~96 
4.83 

1:74 
2.12 

, 47 
0.57 

232 
2.83 

>, 

65 
0.76 

351 
4.12 

182 
2.13 

35 
0.41 

149 
}>o1.75 

\ 
Il 

- 49 " 
0.60 

327 
4.02 

. '213 
?62 

34 
0.~2 

236 
2.90 

'54 
0.6' 

338 
4.17 

, . 
1:76 

2.17 

30 
{).37 

21<7 
2.68 '" 

213 
0.65 

~ 

1412 
4.28 r 

745 
2.26 

146 
0.44 

834 
2.53 

. , 

-~--------------------------------------------~---------------.-----------~ 
\ > 

.. 
. . 

, 
, " 

. 
1--

\ 



.. 

, 

'" 

o 

~\ 
, , 

.' J' , 
Table' 19~ Act~vity budget of activity classes b~;mq~th bas ad on freq~~cy 
counts from ~Gan samples in 1984. 

/ 

, 

91 

--~--------------------~--~----------~----------~------------------------~-
1 .~:; _~_~~~: ___ ~_~ • .:_: __ ~~~~~=_~ _______ ~~::~~~~: \ ~ Activity class . " • '\Totai ' 

1 Frequeney'.. Frequency, Frequenc?, Mean row . . 
Column % Column % Column 7a peccent 

.~------_:_--------~---------------------------_!_----_:_-----_:_~---------
1 

Ordinary s~im 8750 ' 17882 2507 29139 
88.35 9Q.47 c 90.4Î 89.82 

- ' ,'Epimel.etic 

Swim 

Displ~y swim 
;, 

Aerial 
.' , 

'Interacliv~ 

., 

66 
0.67 

460 
.4,.64 

212 
2.14 

56 
0.,57 

360 
3,.63 

, ' 

.. 

130 
0.66 

80S', 
4 .. 0} 

444 
·2.25 

79 
·0.40 n 

426 
2.16 

; 14 
0:50 

128 
L •• 62 

72 
2.6,.0 

9 
0:32 

• 
43 

1.55 

- . 

), 
, 210 
0,'65 

1393 
4.29 

728 
2.24' 

144 
0.L~4 __ 

829 
t.5& 

------------------------------------------------~------~--------.--.. ------
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Table 2~. Activity budget of 
~peAt in the estuary based on 

\" , 1 p 

t 
\~ 

acti~ity. classes by increasing periods 
frequency counts Irom scan sampling 'in 

, ' .. 
"'~ \ 

92 
-' 

of tJ.me 
1984. 

-------·--------------7---------------~------------------------------------
S 30hrs. ~o to 75 75 to 135 > 135hr~ 

Activity c~ass ----------------------------------~7_-------~-- 'Total 
Frequency Frequency Frequency ,Frequency Mean row 
Column % Column % Cqlumn i. Column % percent u, 

Il 

----~------------~------------------7--------------------------~~--~--~---- ,1 

Ordinary swim 

Epimeletic 

S'wim 

. 
Display -swim 

Aeria1 

Interactive 

7211 
.87.63 

51 
0 .. 62 

~7 
5.92 

219 
i.66 

48 • 
0.5.8 

213 
-2.59 # 

, 
• 

7800 
90.86) 

63 
0.73 

277 
3.23 

157 
1.83. 

29 
0.34 

"'259 
1'.02 

-. 

7299 
91.06 

39 ' 
0.49 

294 
3.6'7 

147 
1. 83 

40 
0.50 

-197 
"2.46· 

1299 
89.79 

60 
11.74 

354 
... 4.35 

222 -
< 2.73 
~ 

29 
0.36 

165 
2.03 

29609 
89.84 

213 
0.65 

1412 
4.28 
. , 

7. 45' 
, 2.26 
~ a ~ 

146 
'0.44 

. 
---------------------~-~-------~-----;:-----------------------------

'-

. " 

\ l 

" . . 
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Taple 21~, Age çlass in~entory ôf 272 g~oups of ~el~~~s in the Nastapoka 
estuary during' the 1984 season. , 

------r----------------------~-----------~------------ --------------------
Group Description' . Age classes '- , Total 
type ------------------------------------- . ~umber· of 
------:----------------- Neonate li~ 2/3" 3/4 White groups. 
-------------------------------------~---------------- ---------------------_r... ~ . 

[ , 
Si,.milar a~~, Singleton 

" ~,> 1 whale 
Il 1\ v 

Il " . ...- ~ -Il ... -
" li ,. 
" " 
Il " -. 

~ 

Mixed age Coupleg P 
Il " 
Il " " -01 • 

1\ P 
" " 
Il Triads P 
il " 
IL '> \3 whales P 

·combinations 

1 . 
P 
:e P 
• P 

P 
'-----' 

f 

P 
P 

P .. . 
'1) " P 

P 1...0 

P .p 

l' •. 

P 
P 
P 

t" - •• 

l.p 
P' 

P 
P 

'-

p 
p 

P 
P 
P 

P 
.p l>' 

P 

12 . 
12 

8 
6 
2 
6 

35. 
16 

1 97 ... 
14 

8 
2. 
5 .-
2 
3 
1 

140 

~' '" 175 

f' 

; -~-;~~~~~~~;;;: ~~~ -~;': -~~:~~ ~-r -------~ ---: --------,-,-~- -":'~ -------------· 2 ' '. ' 
, 

/ 

) 
t-

..t ) 
p 

~ • , 

( -• 
, , 

• 
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_Table 22. ~umber of focal samples at the Nastapoka estuary in 
which action pat;;rns .~ere pres~nt for the two types 9f groups. 

--------------------------------------------------------~--- " 
Group Contexts , 

Action ---------------------------------------------- ./ 
patterns MAG MAG+MAG ttAG+SAG SAG+SAG SAG ....- • 

(n=45) (n=9) (n=20) (n=l'O) (n=3]) I! 

----~------------------------------------------------- ------
Head up 15 2 1 1 "5 
Spy hop 4 .. 0 O· 0 2 
Skllll 4 0 1 . 0 4 

,Ride 8 2 2 0 2 1-
Suclüing 4 1 ,0 0 0 

... Stirring 4 0 0 0 0 
" Leap 0 0 4 0 0 

Bubbles 8 2 3 '1 5 
Buck swim 3 2 3 2 % 1 
Side swim 8 2 8 5 18 
Tail wave 1 1 1 1 1 ~ 

J a . t 
Ta il kick 2 1 5 3 10 
Chasing 1 o "- 4 2 2 ~ 

o -1 
, 

, Bite 1 0 1 r 
Head-'out 0 0 1 1 4 

'" Head bob 0 C(' - 1 2 7 
, Tunlble- 0 0 0 1 7 

Flipper slap 0 0 0 0 1-
Rolling 0 O. 3 2 13 .. t -. Head but 0 0' 0 0 1 
Open mouth O. Q 0 1 4 
Rosette 0 0 0 3 5 
Head slap 0 0 0 0 1 
Erection 0 0 0 . 0 2 
Arial -spin 0 0 0 0 1 

/ --------------------------------------------------------'- ..... 
n = nwnber of focal samples. 
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Glossarv of abreviatiohs of action patt,tll;'ns and group cnGountl3rs 
used in Fig'ure%; '10 and 11,' and in Tables 23 anJ. 24. 

Mix'ed 'Age .Gt'oup~ Similar Age Groups J 

_ .. - - - - - - -- ~ -/ - ,- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - ,.. - - -- - - - - - - - - - - - - -.. - -- - ~ 

TWA_:_ Tail wav.e 
sn :' Stirring 
TKI l'ai l kicK 
BUB : Bubbles 

/ 

SOR : Spritting of orisinal group 
SOU : 30yrrâing 
BIT ~r Bi,ting 
SKI Sk imming, 
ROL Rolling 
CHA Chasing 
SSA Split from SAG 
JSA Join with SAG 
LEP Leaping 
BSW ,Back swimming 
HUP : Head up to breathe 

v 
RID Riding 
HOU Head out 
S~ Side swimming 
SUC Suckliog 
SMA Split from MAG 
JMA Join with MAG 

• 

'. 

CHA 
LEP 
BUB 
HSL 
JMA ""': 
SMA : 
sm( 
HBO 
SSW 
JSA 

Chélsiilg 
Leaping 
Bubblcs 
~ad slap 
Join wi th MAG 
Split from MAG 
Erection 
Head bobbtng 
Side- swimming 
Join with SAG 

SKI Skimming 
HUP Head up-
SOR Splitting of original group 
RID Riding 
ASP Aerial spin 
BIT Biting 
SSA Split from SAG 
TuM Tumbling , 
ROS Rosette formation 
OPM Opèn mouth 
~_: Head out -~. 

,BSW': Back swimming 
ROL : Rolling 
TWA': Tail wave 
TKI : Tail kick ~ 

c 0 FSL.: Flipper slap , ' 
- .SOU: Sounding ,-J 

--------------------------1~---~----·-----------~--------------------------
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Table 23. Transition matrix of the preceding and fo~lowing action­
patterns from the Mixed Age Groups in the 1984 season . 

. 
------~----------------------------~---------------~--- --7--;----

Following action pattern 

'le '/( 'le '/( 'le '/( 'Ic- " Preceding ~ S J S ... S H S S s Ii S S B B S TTC B l,I R L' Row 
action 
pattern 

.JMA 
SMA /' 
.JSA 
SSA 
SOR 
HUP 
SOU 
S1'S 
S1\1 
RID 
SUC 
sn 
BUB 
BSW 
SSW 

" TWA 
TKI 
CHA 
BIT 
HOU 
ROL 
LEP 

1 

Columrt 
total 

M MSS 0 U 0 P K IUT U S S W KHI 0 0 E total , 
A A A" A ~ U H .~ Del, B 'w W A lAT U L P 
-------- ~----------------------~---------------------

1 ~ 1 1 • 4-
1 1 \ 2 

l 

:2 
,2 

2 1 

2 
1 

1 

1 111112 8 
1 . " 
l . 

1 

1 
1 3 
1 

1 1 1 4 
1 1 

. ' 
2 
1 

1 
3 

3 

1 
4 l. 
4 

. 
3 4 2 4 4 1 . 22 

,} 

1 4. 

1 
l 2 

l 

4 2 

2 
1 1 
3 3 
2 
4 
2 3 

1 

2 1 ...1 • 

1 
l 

2 
,1 

1 1 2 

221 
1 1 
2 1 
1 

2 1 1 l 

, 3 
4 

15 
8 
7 

24 
17 
14 

l 2 
l 

. 1 

1 l 1 

1 
4 
1 

1", 

'} 
1 
1 

'-, 

1 
1 

1 

2 
4 

,7 
1 
3 
1 
4 

-------------------------------------------------~---
1 2 7 7 4 2 4 2 5 1 6 6'1 Z 1 1 4 6 .1 2 1 3 159 
2 0 4 O· 

---._---------~--------------------------------------- ----._------1 
" * depandent on the preceding action p~ttern (p<O.O~) .. 
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Table 24. Trans1tion matrix ~f the preceding an4 following action patterns 
from the Similar Age Groups in the 1984 season, 

"' -~----------------~---------------~-------~~---~------ --------------.---
Following action patte,n 

:.

eceding 
tion 

, attern 0 

]MA 

SMA 
JSA 
SSA 
SOR 
HUP 
SOU 
SPH 
SKI, 
RID 
BUB 
SSW 
TWA 
TKI 
CHA 
BIT 
HOU 
HBO 
'nJM 
FSL 
ROL 
HBU 
OPM 
ROS 
HSL ::t 

SEX 
ASP 
BSW , 
LEP -.,\ 

Column 
total 

----~------------~--------------------------------c--- __ 
,'c 'le *- * '{c * * * 'ic ,'c l'C ,'c ,'t'il l'c ,'c,'c l'c ,'c "f l'C 

J S J S S li S S S R B S TTC B H H T F R H 0 R 11 S A B L Row 
M MSS 0 U 0 P K lUS W- KHI 0 B U.S 0 B P 0 S E' S S E total' 
AAAARPUHIDBWAIAfuOMSLUMSL~PWP . , 
-------------~--------------------------~-------~-------~-------

5 . 4 1 l 
2 5 5 

1 ,1 1 3 1 1 1 
1 1 

1 1 2 
3 1 l, l 2 2 , 

1 2 2 
1 1 2 

1 1 1 1 1 
8 1 1 4 1 1 3 131 6 2 4 
1 1 1 2 4 1 l 

4 3811.1 2', 
1 1 2 1 

3' 1 
1 1 '4 1 

1 3 3 3 1 
2 4 1 3 1 

1 
2 6 2 6 '2 6' 

2 
1 1 2 4 1 

1 4 2 2 1 
1 

2 3 
( 

1 
2 1 

7' 1 /1 3 
1 2 

1 

1 . 

1 

1 

2 

1 

1 

• 

1 

11 5 
2 

\ . 

1 7 3 1 2 
1 

1 
2 l 2 
1 
313 

5 
l 

3 ~5 

. 
2 l 1 

1 

2 2 

1 

3 

4 

1 
'1 

L 

1 

8 

12 
-13 

10 
a 
'. 

1(. 
-0 

/2 
6 
4 
6 

65 
13 
38 
11.· 

5 
12 
lS 
18 

1 
35 
,3 
la 
20 

1 
5· 
1 

18 
7 

1 1 1 3 4 1 1 1 5 4 7 6 1 3 1 5 1 1 1 1 3 2 1 1 1 5 0 1/ 11 355 
2 0 5 3 _, 9 2 9 2 3 3 8 7 0 8 4 ',... 

~---- - - -~ -- -- -- - ----'- ------- - ---- -- - - - ---_::! - -,.- - -- - -, - - - -- - - - - - - - - - - --
,'k dependent on the preceding action pattern (p<O,OS)' 
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Figure 1'. Location of the study site in Hud~on Bay. 
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Figure 2. Hap of the study ~ite, the Nas~apoka River estuary, showing the 
location of the observation,tower, the qùadrats and the water sampling----

stations. 
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Figure 4. 
Maximum weekly count of bel~gas in-the Nastapo~a River estua~y. 
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Figure 5. Drawings of the five age classes of belugas recognized in the 
Nastapoka Ri ver estuary. " , 
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Figur~~. Drawings of some of the marks used to identify belugas of the 
Nastapoka estuary during the 1983 and -1984 seasons. li,. r ,~ 
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Figu.res 730 and 7b. Drawings or action patterns observ"d in belugas of the 

Nastapoka River estuary . 
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FJsure 8. .Representation of the centroids of the activity classes in a 
three dimensional graph cortesponding ta the three significant discriminant 
axes. 
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Figure 10. Cluster analysis of action patterns"and group encounters based 
on the nonparametric (Spearman) correlations of freque~cies recorded du~ing 
group focal samples (n=37) from mixed age groups in the Nastapoka estuarY. 
Horizontal lines indicate· inter-cluster correlations. 
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on t~e nonparametric (Spearman) correlations of frequencies recorded during .' 
group focal samples (n=45) from similar age groups in. the Nastapoka estuary. 
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Appendix 1., Llterature re~iew of action patterns observed in odontocetes. 

. , 
-------------~--~-----------------------------------~--------------- ____ ~. _________ M , . 
Actio~ pattern Context Species . Source 

or function 
-------------~-------~----------------~--------------- ---------------"------"------
ordinary ~imming 

. .. 
/ ~ 

11 

Il 

Physester 
ceto.don 

Phocoena 
phQcoena 

f} 

Tursiops 

Caldwell et a1.(1966) 

~ 
Parry('1948 ) 

JParry( 1949) 1 
"" truncatus 

slow swimming· 

typical cetacean 
swim 

swimming 

head held above 
water r 

tt 

inactivity 

captive 

rapid swimming 

blowhole out to slow moving he~s 
breathe 

blowhole clearing typical breathing 
water pattern .. 

. , side, ~wiJtlID.i~g. . 

Il 

) 
listing 

sitte swimming 

" 

Il 

play ,in adults 
. '(éapt1vity} . 

play in .~mmatures 
(ca:ptivity) 

agonistic 

~ 

sexual 

se#î 

muddy coasta! 
waters 

nursing females . 

Inia 
geoffrensis 

Lay'ne & 'Caldwell(1.Q64) 

Phocoenoides Morejohn(1979) 
dalli 

Delphihapterus Nor~is & ~escott(1961) 
leucas 

• Physester 
catodon 

Lissodelphis 
boresl1.is ~ 

Inia 
g;;f'frensis 

Tursiops . 
truncatus 

P "' .. ' \0 

.. 

Caldwel'1 et al. (1966) 

J 

Leatherwood & walk.r(l~, 

Layne & Cald~ell(1964) 

Townsend(1914) • 

-
Tay~er & Saayman(19]2) 

l' 

Phocoenoides Morejohn(l979) 
daUi ~ 

Steno -.--

Tursiops 
truncatus 

Il 

Hamilton(l944) 
'1 

.Yablokov et a1.(1974) 

Leatherwood(1975) 
'\,. 

McB~ide & Kritzler(1951); 
Tavolga( 1966) 

.~--____ J 
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~:::::~:1 ~:~:: ~:~:: -~~ ::::~::. ::~~::. :~: :::~:: ~:,:~ :::::. :::::~:: ~:.~:::::::::: : -
Action pat~e~n Context Species Source 

,:" ~ or function l' 
'" - -- .... - -- -- ------ -- - -.--- - -_ .. -. - -- - ---- - - - - ---- - - - ---- - -... -,1---- - - -"-:-,- -- - - - ---- - - - -.-. -\ --

side swimniing It 

side swimming 

side position , 
/' 

side swimming , . 

nurs ing females 
(captiv:hty) 

" 

~. 

cÂptivity 

~~ 

br~anensis 

Stenella 
longirostris 

" 1 
Physester 
càtodon 

Orcin~·~ 
\ 

belly presentation sexual (captivity) Tursiops 
"1. .... adunc}ls 

" 
'Cl 

" 
Il .) 

Il' 

back swimming 

Il 

) 

norma.l swimming 
-pattern·(cap~iv.) 

f 

loèomotor play 
(captivity) 

high speèd cnnses , , 
sexual (males) , 

sexual ... " 

" (females), 

Il 

.. 
Platanista 
gangetiea , 

, Platanistf'.t 
indi 

l'ursiops 
aduncus 

JJ 

'II 

Stenella 
longir6stds 

lateral action gt . Tursiops 
the flukes truncatus, 

Inia 
geoffrensis 

belly-up swimming c~~ve & Wi~d Orcinus orea 

~ 
upside down swim 

b~ck swimming 

, 

sodial 
interactions 

.-

! 

Monodon 
monoceros 

'~ 
Tursiops 
truncatus 

\ 

) 

'\ 

N~rris & Dohl(1980a) 

" 
Norris & Dohl(l980b) 

'r 

. 
Caldwéli e.t al. (1966) J , 

Mart~~z & K1inghanlîner(l~78) 
, 

et a1.(l~73) Saayman 

L " 

Hera14 et aL (1969) 
of 

Pille"ri 
'0 

et al. (1980) 

al. (1973) 

& C.1'ldwel 1.(1 964 ) 
• 

& Saa~an(1972) 

Saayman et a1.(1973) 

Nords & Dohi (1980b) . 

Townsend(1914); L'ayrie & 
Caldwell (1964.) 

/ 

) 

Mart in~z>& KI ing~ammer( 1978) ; 
Salden(1979) 

Silverman(l979 ) 
~ 

Wursig & Wursig(1979) 

/' 

~ 

" , 

, i 
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Appendix 1 (eont t d) • Literature review' of action patterns observed in od,ontoeetes .. 

, ' --,... -------- -------- ---... --- --------- --------- ... -----------------""'-- - -"'- - - - - - ... - ... - -... - - - ......... 
Action pattern Context Species, Source 

, r- or funetion 
J -{ - - - - - - - - - - - - - - - - - - - - - - - - - - \ - - - - - - -.- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -" - - - - - - - - - - - - - - - -
.. back sY1imming social bell'avior " , Sousa Saayman & Tay1er( 1979) • 

" Il feeding 'l'ursiops Leatherwood(1975) 
truneatus • 1 

ft agonistic Caldwell et a1.(1966) 
(with jaws agape) 

Physeter 
catodon 

\1 

[J , 
leapil'l'f" ,.. 

Il 

low angle leaps 

-""'{j 
~leaping 

" 

Il 

II G 

lunging leaj> 

, 
sounding 

'sounding 

souD4ing • 

"9reaching 

. 
j umpo ~ th head 
f it'stl reen~ry 

capti ve and 'wild' 

Tursiops 
truneatus . . 
Tursiops 

. / 

Orcinus ~ 

.. ' 

Townsend(1914) 

McBride & Hebb(1948); Townsond 
(1914); Tayler & Saayman(t972); 
Saayman et a1.(1973); WurSl.g & 
Wursig(1979) . 

" 
Martinez & Klingharnrner(1978)j 

Skl1den(l979 ) 

fast moving groups. Lissodelphis Leatherwood & Walker(1979) 
boraalis 

in front of 
vess'eis 

, 

Sousa Saayman & Tayler(1979) 

Phocoenoides Morejohn(1979) 
'* da11i 

Delphinus Saayman et al.(l972) 
delphis 

d 

Tayler & Saayman(1972) feeding / Tursiops " 
(fish herd,ing) --.. aduncus 

flight reaction 

, captivity 

'il 
escape behavior 

Physetex; 
catodon 

" 

\.. 

Caldwell et a1.(1966) 

Il " 

" Oreinus ~ Martinez & Klinghammer(19~8) 

Lissodelphis 
boreaUs 

Norris & Prescott(1961); 
Leatherwood & Walker(1979) 

J Caldwell et al. (1966) . 

~.---.J 

Physeter 
catodon 

breaching . captivity Orcinu5.orea Martinez & Klinghammer(1978) 
l --

.1 
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Appendix l (ç~t'd). Literalure review o~ action patterns observed in odontocetes. 

~--------------------------_.---~--------------.------ ------------------------.-----, 
Action pattern CQntext , 

or ;function 
Species Source 

-----------------------------~------------------------ ------------------------.-----
backward jump 

breaching 
J 

';piral leap 

noisy ~p 

variation of ; 
leaping 

che&t slapping 

'f lcap and twist 

jumping 

spinning 

breaching 

belly flop 

side slap 

spy pop 

captivity Ore inus orca 

Il 

Delphinus 
delphis 

Tursiops 
truncatus 

Tursiops 
aduncus 

Il 

high-speed chases Sousa 

moderate speed 

slow ly sWjimming 
groups 

r"are' 

eap-tivity 

Stenella 
.longirostris 

Il 

Monodon 
monoceros 

Lissodelphis 
borealis 

Il 

Orcinus ~ 

Il 1/ 
oJ 

pitch poling alerted to danger Phtsete~ 

'4 

rotating in the 
upright position 

head up posit~on 
a 

" 

èaptivity 

/ 

catodon 

Globieephala 
sacmmoni 

Orcinus orea 

Monodon 
- monoceros 

, . 
" 

Martinez & Klinghammer(1978) 
.. 
"~or'fb & Ford51981) 

Pilleri & Knuckey(1968) 

, 
Wursig & Wursig(~~) 

s., 

Saayman et al.(l~) 

Il 

Saayman & Tayler(1979) 

Hestèr et al.(1963) 

Il Il 

Norris & Dohl(1980b) 

Silverman(l979 ) 

• 'l.tr 

Leatherwooa & Walker(1979) 

Il " 
'. 

Martine~:& Klinghammer( 1978) 
. 

Ford & Ford(1981) 

Caldweli et al.(1966) 

Il Il 

Martinez &.Klinghammer(1978) 

- Si:verman(19~V 

\J 
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Appendix 1 (contld). Literature review of action patterns observed in'odontocetus. ,. 

('-------------~----------------------------\---------------~---------~--~-----------~ 
Action pattern Context 1 Species Source \ 

-.,i) or function ---./ 

~~~~~~î~~~ ---------~~~d~~~ -~ -~~~; ----:\~~;~~;~:~ ------~~î~:~~~ -~~ -:~~( ~ ~~6} --~ -------
, catod.on 

Iobtailing feeding. a1arm. Tursiops gil1i Norri~ & Prescott(1961) 
prior to extended ' 

Iobtailing 

u 

strike with tail 

() 

stand on their 
head and strike 
water 

J 'k' strl. l.ng water 
with tail 

" 
dive 

as soc iated wi t'tl 
escape or sounding 

mC()ck -ba t ties 
(captivity) 

play (captivit,.y) 

between ~hort 
dives(c~ti;dty) 

Tursiops 
aduncus 

dolphins sp. 

dolphin sp. 

Tursiops 
truncatus 

tailsiap sound emission r Stenella 
(normal or invertea) Iongirostris 

. back slap 

head slap 

tailslap 

l 
headslap 

tailslaps ,while 
on back position 
." 

tailslaps in'head 
down position 

\1 

slowly moving 
schools 

most common in 
moving schools 

" 

Il 

11>-
most frequent Tursiops 
during disturbancestruncatus 

initiating social Sousa 
interactions 

" Il 

Il 

direct~d at chasiA~ursiOps 
partn~r (captivity)truncatus 

cows refusing 
mating attempt 
(captivity) 

Il 

Il 11 

Yablokov et al. (197 /,) 

Yab1okov et ai. (197 /.) 

Townsend ( 191/~) 

Norris & ,Doh<l(1980h) 

11 Il 

If If 

Wursig & Wursig(1979) 

• Il Il 

Saayman & Tay1er(1979) , 

Il Il 

Saayman et a1.(1973) 

1 Il Il 

.. 

.J 

""t 
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Appendix 1 (cont'd). Literàture review of action patterns o~served in odontoçet~s. 

-~---------------------------------~------------~--------------------~-----------~--, . 
Action pattern . Context Species Source ~ 

or function 

;i~~~-~~~~~~;------~~~:~~~~-~~-~:~;---;:~~~:;~-------~::~~~-:~-:î~(~~;;)-----------
int~rupting sexual truncatus, . " 

~ 3ctivity (captivity) d ", 
rythmic beating of sexual behavior 
the flukes 

Tursiops 
aduncus 

" 3ggressive incidents 
prior to a chase 

Il 

Tayler & Saayman(1972) 

Il If 

tail slaps feeding, schooling Lagenorhynchus Wursig & W4rsig(1980) 
prey fish obscurus 

pe~oral fin s~ap, captivity 
flukG slap (dorsal 
& ventral) 

taU lobbing, 
flipper lobbing 

sequential 

~ 

Orcinus orca Martinez & Kli);ghammer(1978) 

1/ Ford & Ford(1981) 

head bobbi[lS 

head j erking 

agonistic behavior Il Il Il . 

l,obtail 

,smacking tait on 
water 

fluk~ slaps 

taU slap, 
flipper slap 

tusk slap 

play behavior 

upon reentrp of 
,belly flops and 
side slaps 

prior to a dive 
(captivity) 

extremely rare 

Turs-iops 
aduncus 

Lissodelphis 
borealis 

Tursiops 
truncatus 

~ 

:tnia 
SeOffrensis 

Monodon 
'monoceros 

?" 

Tayler & Saayman(1972) 

Leather~ood & Wàlker(1979) 

La~enC~ill(1954~ 
Layne & Caldwel\Ll964) 

SÙ~erman( 1979) <? 

Il Il 

arching resembling ftea9 bob " " 
poised.yertically 
he ad down ... smaking 
flukes on water 

, , 

-" 

) 
Globicephala '<' Brown(.l960) 
scammoni 

') 

... 
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Appendix l -( cont' d). Literarure review of action patterns observed in odontocoles. 

-------------------------:1-------------:-------------- ----------------~-------------
Actionzat ern Context - Spécies Sourcè 

. or functïon - . . , 
-------- -------~-------------------------------------------------------------------
ma~ue 1te' around a wounded Phys~er Nishiwaki(1962) 
forma~on individual catodon 

, ~shing up epi~letic or care several wha1e Yablokov et al. (197/,) 
reaetion giv1ng bèhavior species 

orÙnt thêir 
heads together 

mouth open 

- moutning 
r 

biting 

open mputh 

open mou th 

moutl'Hng 

open mouth 

rolling over 

barrel-roll 

f 
• rolling 

• 
" 

1\ 

Il . 

captivl"ty 1 Orcinus ~ 

threat disp1ay 
(captivity) 

Il 

sparring and moe~ Tursiops 
threats (captivity)adundus 

sexual sequences 
leaving rake marks 

Il 

agonistic situationPhoeoenoides 
(with listing) ~ 

agg~essive behaviorPhyseter 
catodon 

precopulatory Tursiops 
(çaptivity)' truncatus 

1 

threat display to Tursiops 
SCUBA divers aduncus 

/ 

,-
Martinez & K1inghammer(1978) 

Il }I 

----Saayman et a1.(1973) 

• 
'II " 

lt ,. 

Morejohn( 1979) 

Ta,,-olga & Essapian(195n 

Tayler & Saayman(1972) .. 

captivity Platanista .ill!!!1'illeri et al. tOl 
'captivity 

~ 
'II 

during tussling 
(see balo",,) . 
used bY}cows 

. 'refuse mating 
(capU vi ty ) 

captivity 

Inia Layne & Caldwell(1964) 
gëOffrensis - . 

Tursiops 
truncatus 

" 

Tursiops 
aduncus 

McBrid~ & Habb(1948) 

Townsend(l914) 

Saayman et 81.(1973) . 

Orcinus ~ Hartifiez & Klinghammer(1978) 

• 
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~ndiX l (ccnt 1 d) . 

rW?' 
Literature review of action patterns observed in odô~ocetes. 

------_.-----------~~-------------------~--"---------- -------------._---------------. 
Action pattern Céntext, Species S~urce 

or function 
--' __ ~ __________________________________________________ ~ _______________ J~ ____________ _ 

tussling 

chasing 

Il 

If 

head 1butting 

rammlng 

echelon formation 

calf riding on 
back of adul t . 

penile erection 

suckling 

., "'fI 

" 

play behavior 'TursioEs Townsend(1914) 
l truncatus " 

" 
Monodon Silverman(1979) 
monoceros 

courtship sequencesTursiops Sé{ayman et a 3.. (1973) 
feeding activities;truncatus 
(wild and captive) 

captiv.ity 

'-
" 

attack situation 

small indi vidual 
us ing larger one 
during locomotion 

at considerable 
\ spee~ 

sexual, 
manipulative tool 

~ 

captivity 

'wild 

? 

1 
Orcinus orea ---- Martinez & K1inghammer(1978)~ 

fi " ........ " 

Phxseter Caldwell et al. (1966) 
catodon 

/ 

Lagenorhynchus Norris & Prescott(1961) 
obliguidens 

NéOphoèaena Pilleri & Peixun(1979) 
asiaeorientalis 

Tursiops 
truncatus 

\If 

Il 

Physeter 
catodon' 

,McBride & Hebb(1948); Tavolga & 
Essapian(1957); Qlldwell & 

Caldwell(19.72) ;'Tayler & ' 
Saayman(1972); Pillery et 
al. (1980) 

McBride & Kritzler(195i); 
. ,Tavolga i& Essapian(l957) 

1 

Caldwell et al.(1966) c 
Delphinajterus Hewlett (1978) 
Leucas 

, , 
----------------------------~--------------~----7----------------------~---~--------.. 

. . 

\ 

1 

\, 
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Appendix 2. Catalogue of beluga' ",hales identified during the 1983 and 1981~ 
summer seasons at the Nastapoka estuary. ~ 

'-----------------------------:---------------------------------------------
ID numbér Date 
(size) 

Time Quadrat Calf Group type: age structure and 
'other ID (II) in same group 

-------~----------~--------------------~--------~--~-----------------------
l (w) 

Il (w) 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

l' ,-
l' 
l' 

, , 

l' 

Il 

3 (L3!4) 

19:07-83 

06-07-84 

Il 

Il 

1444 

0724 

1200 

l305 

07-07-84 1505 

1-7-07-84 1916 

18-07-84 1149 

Il 1717 

20-07-84 1102. . 
31-97-84 1319 

02-08-84 1230 

03-08-84 1100 

Il 1352 

04-08-84 1610 

24-08-84 0855 

25-08-~4 1746 

Il 1910 

26-08-84 1455 

27-08-84 1305 

29-08-84 0929 

1602 

3 

2 

3 

2 

3 

3 

3 

2 

2 

4 

3 

3 

3 

2 

2 

3 

1 

2 

Neo 

1/2 

1/2 

SAG 

1/2 MAG: 1/2 w 3/4 3/4 2/3 1/2 neo 
w 1/2 w w+1/2 8 ~ 

1/2 MAG: w+1/2 w w 1/.2 2/3 

'Neo? 

Neo MAG+SAG?:w'w (17) w+neo w 1/2 

11AG 

1/2 MAG: (la) (42) 

1/2 MAG 

1/2 MAG 1 (31)+1/2 (22)+neo 

1/2 MAG 

1/2 

1/2 MAG 

1/2- MAG? 

1/2 MAG 

1/2 MA~ 

1/2 

1/2 . , 

------ --------------------------------------------~--------- ---, 

1518 3 

l , 08-08-83 0852 3 1 ------------- --:- -- --c..------- -- -- --------J._. __ ~_ ---- - - - - - -: -.- --- - - -- -. - = -----

, . 
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Appendix 2 (cont' d) •. Catalogue,f beluga whales identified during the 1983 
and 1984 §ummer seaSofis al. .. the stapoka estuary. ' 

1 _ 1 

~~ ~~:~~---~~~: -----;~~:----~:~~~:~--~~î;.-~~:; -~;;:~ -:;: -~~~:~~:~: -~~~--
(size) . . other ID (fi) in same group 
-----~---------~---------~---------------------------------------------~---
3 10-08-83 1037 2 

, '(w) 06-07-84 1236 Neo MAG: w+2/3 w+neo w~eo 

Il 07-07-84 1022 2 A10f 
- ,II Il 1433 3 Neo MAG: w+neo 3/4 1/2 w+neo+2/3 

3 (w) ~ 07-07-84 1505 3 MAG: w+neo w+l/2 

"z- . '\ 
II 22-07-84 '1016 1 MAG , . 

. 
~ 

~ 
II 23-07,-84 0918 2 MAG 
. 

'1 , 24-07-84 1904 1/2 

Il 28-07-84 1730 ... 3 MAG: (10)+neo 

Il 31;.07-84 1~O2 2 '1/2 MAG' 

Il 03-08-84 1851 2 MAG ", 

Il 04-08-;84 1610 2 1/2 MAG 

Il '05-08-84 1500 2 1/2 MAG 

Il 08-08-84 0931 3 MAG: 3[4 w+neo w+neo 

Il 14-08-84 0920 4 MAG . ' 
Il , 1 0935 3 MAG: 1/2 w 2/3 

.-
Il Il 13>12 4 1/2 MAG 

Il Il 1356 2 Alane? 

Iif ! 1 1501 2 Alone? 
r .. 

Il Il 1938 3 Alone? 
.0 

Il 1 l , 2000 4 Alone? ( 

r Il 15-08-84 1135 2, 

'1 , t 1 1758 2' 1/2 MAG: 2/3 w 
, 

II ~t 1 1900 - 1 t-JAG . 
-------------------------------------~-----------------~-------------------• 
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Appendix 2 (cont'd). Catalogue of beluga whales identified during the 1983 
and 1984 summer seasons at the Nastapoka estuary. 

------------------------------~-------~---------------~--------------------
ID number Date 
(size) 

Quadrat Calf Group type: age structure and 
other ID (il!. in same group 

------------------------------------------------------ -----"------------~--

( 16-08-84 1356 2 Alane? . 
, , ,(7-08-84 1244 4 1/2 ~ 

, , 24-0i-84 0855 1/2 ". 

, , (w) 29-08-84 1729 2 1/2 

, , 30-08-84 1202 2 
ri 

, , , , 1213 2 
~ 

Il Il 1451 4 1'-/2 

l' Il 1726. 3 "'- MAG? 

, , 01-09-84 1110 2 
---------------------.-------------------------------------------, . 

4 (w) 19-07-83 

, , 20-07-83 

JI , 21-07-83 0915 ~'1 \" . 
1 1 ,27-07-83 2 

1 1 , 1 2100 3 

1 1 ' , • 30-07\..83 1008 3 

Il Il 1655 2 
J 

r 
1 1 06-08-83 1755 3 

Il 13-08-a3 1300 ,3 

Il (w) 07-07-84 1034 /; 4 SAG: (6) w 3/1/ 

,1 1 22-07-84 102~ 2 . Neo MAG: w 3/4 w 2/3 

1 1 1 1 1737 1 Neo MAG 

" 1.1 23-01084 ·1925 2 ,Neo MAG+SAG7 : 3/4 3/4 2/3 2/3 2/3 

Il 24-07-84 1441 1 N+2J!3 MAG 
---------------------------------------~-------------- ---------------------

\ 

. , 
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Appendix 2 (cont'd). Catalogue of beluga whales id~ntified during the 1983 
ana 1984 summ~r seasons at the Nastapoka estuary. 

, , 

~ .... --- -,-- -- - - -_ ... --- - -- - -- - .... - - -- ----- ---_ ... ---- ----- - -- --- .-- - -----.- - - -- - - - - - ----
\, ~number Dat~ Time Quadrat Calf Group type: age structur~ and 
(s~ze) other, ID (#) in sarne group 

, , -------------.-------------------------------------------------------------, 
4 24-07-84 1452 l- MAG: (22)+neo 

, , ;7-01-84 
\ • 

1122 3 SAG: w w w w w 

, , 31-07-84 1013 3 N+2h MAG+SAG: (15)in sag \~. 
\ 

Il 01-08-84 1329 2 ) nec MAG 

l' 05-08-84 1500 '2 z- MAG 

l' / . 
/ 06-08-84 '0830 MAG? ' 2 ' 

, , 12-08-84 1058 3 . MAG: w+neo ~ 

5 (w) 
, , 
l" 

6 (w) 

, , 
, , 

7 (3/4) 

Il 

11 

11 

l' 

Il 

j 1 

8 ('3/4) 

, , 

--------~--:-----------------------------------------------------/ 

05-07-84 1332 3 Nec MAQ , . 

, , . 1726 4 
/ \ Nec 

12-07-8,~ 0742 3 Neo MAG: w+nec 3/4 2/3 w 
----------ï-------------------------------------;----------------
07-07-84 1034 

07-07-84 . UOO 

2 

2 

. SAG: (4) w 3/4 

" SAG: w w w w ww (8) 

18-07-84 1800 3 , SAG+MAG:(10') (11) (4) neos 1/2s 
--~--------~---------~-------------------------------}-----------

07-07-84 1034 3 SAG: wwwwww 

_ 31-07-84 1952 ,3 SAG: 3/4 3/4 

06-08-84 1751 3 SAG: w w w, w w w' 3/4 ' 

24-08-84 0854' 4 SAG: 3/4 w 

25-08-84 0914 3 SAG: w W w, 

" 31-08-84 1259 3 SAG: 3/::A* w 

02-09-84 0846 3 SAG: 3/4 3/4 
, , 

---------~--------------------_._--------------------------------

07-07-84 1100 

12-07-84 0821 l SAG: w w w W w'w (6) 
) 

SAG: (21) w 

,~ 

------~----~-------------------------~------------------------------._---~-

,'. 
1 
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/ Append{x 2 (cont 1 d)'. Catalogue of beluga whales identified during thé 1983 
/ and 1,984 summer seasons at the NaS'tapoka. estuary. 

4 ~ 

, , 

-----------------------------~------------------------ -----------------.--. 
ID number Date Time 1 Quadrat Calf Group type: age struct~re and 
(size) • . ot~I~ (fI), in sams' grollp 
-------------------------------------~---------------- ---------------------
8 12-07-84 0739 3 . SAG+MAG: w neo 2/3 w nea w l/i 
Il 27-07-84 17Îl 2 MAG?: w 1/2 2/3 

~ 

Il 15-08-84 1758 2 SAG: w w 

Il 25-08-84 0914 3 

,,, 

Il 

, 

~J 
30-08-84 1441 3 

Il 1530 2 SAG: w 

Il 01-09-84 1600 2 SAG: w w w W'W 

Il 02-09-84 1700 2 SAG: w 
-~----------~----------------------------------------------------

9 (w) 07-07-84 1505 3 SAG: w w w w 
• 

----------------------------------------~------------------------

10 (w) 19-07-83 '- 3 

Il 20-07-83 3 

III 21-0.7-83 0941, '2 

Il 22-07-83 1956 2 MAG: w+neo w+neo 2/3 2/3 .. 
l" 2i-07-83 • 1921 4 

" Il 30-07-83 • 1008 3 

','1.. 31-07-83 0904 4 

Il 1 t 1210 2 

Il 01-08-83 1937 4 II 

, , Il 
, 

1124 4 

Il Il 1335 2' 

Il 02-08":'83 1441 3 

Il Il 1751 2 

"06-08-83 
'i 

Il 1755 3 MAG: (4) 
-------------"-----.---------------------------------- ----~------~---------



, 1 

Il 

Il 

, 1 

Il 

t 1 

, 1 

Il 

1 t 

, 1 

Il 

, t 

IL 

, 1 

Il 

l' 

Il 

1 1. "" 

12-07-84 0821 

1'1 0842 

, , 0846 

17'-07-84 0936 

, 1 0954 

18-07-84 1146 

" '1717 

19-07-84 1857 

20-07-84 1506 

21-07-84 1532 -

22-07-84 0908 

25-07-84 1500 

27 -07 -84 / 1040 

28-07-84 1704 

31~07-84 1100 

01-08-84 

t 1 

t 02-08-84 

1449 

1721 

î230 

1 

3 

3 

2 

'2-

2 

'3 

3 

2 

2 

1 

2 

3 

3 

1 

3 

1 ' 

. 2 -

4 

Neo 

3/4 2i3 1/2 nec nec w 
1/2 1/2 1/2 

MAG': w+neo w+neo 2/3 2/3 

123 

Neo' MAG: w+neo 1/2 3/4 nec w+neo 

1/2 MAG: (11 }+nej. w+neo '. 

Neo MAG: (11)+neo 3/4+neo (16)tneq 
1/2 2/3 

Neo MAG: 3/4+neo 2/3 (11)+neo 
(12)+neo (16)+neo , 

Neo MAG: w w nec 3/4 1/, w 1/2.w w 

Neo MAG: 1/2 1/2 2/3 3/4+neo (4) 
( 11 )+neo w+neo 

Neo MAG 

1/2 °MAG+SAG: w w 3/4 1/2 w w3/4 
w 3/4 

Neo MAG: w+neo w+neo w+neo 

Neo MAG 

MAG: (3),in.sag? 

MAG+SAG7,; (29)mag (17) 
sag: w w w w 

Alone? 

MAG? 

MAG: (42) (1~+1/2 
--

it' 03-08-84 1326 2 - MAG ,.-
l " , -- ------------------.---------~----------------~----~-----------------~--
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Appendix 2 (contld). Catalogue of beluga whales identified during the 1~83 
and 11984 summer saasons at ~he Nast?poka' estuary . 

. 
------------------------------------~--------~-------- --------------------. 
ID nUmber Date Time Quadrat Calf Group type: age structure and 
(size) ~ other lb (il) in same group 
------ - \ -- ...... --- ----- ------- - - ------- ------ - - ---- -- ---- -- - - ---- - - - - - ..... - - - ---
10 , ' -08-84 1.659 2 Neo MAG: (22) 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

05-08-84 1600 

07-08-85 1055 

12-08-84 1116 

Il 1214 

Il 203,8 

14-08-84 0935 

15-08-84 1758 

3 

2 

3 

2 

2 

2 

2 

~: (31)~1/2 

MAG 

MAG? 

MAG 

MAG: ( 31 )+ 1/2 

7:w 

• 1 1 16-08-84 1504 1 

Il 

Il 

11 (w) 

l , 

Il 

Il 

Il 

, Il 

Il 

Il 

-II 

Il 

1 1 
1Il' 

17-0~-84 

Il 

1000, 

1759 

12-07-84 ,0845 

17-07-84 0954 

Il 1500 

~8-07-84 1318 

1 1 1800 

19-07-84 1310 

o l , 

31-07-84 
. 
1 l ' 

01'-08-84 

1046 

1547 

1100 

i9S9' 

J~33 

- 3 

2 

2 
D .. 

2 

-1 

2 

3 

1 

4 

4 

3 

3 

SAG: w 

SAG?: w w w 

N~o MAG: w+neo (lO)+ned 

Neo MAG: 3/4+neo 2/3 (12)+neo 
(lO)+neo (16)+neo 

Neo MAG: 3/'4+neo w+neo w+neo 

Neo ,MAG+SAG: w+neo w+neo+2/3 3/4 w 
w w w 

Neo 

Neo 

1/2 

Neo 

MAG: (6) (10) (11) 

MAG • 

~G 
; .. 
MAG+SAG: w w w 'fi w 

MAG+SAG: w w w w (10) (29~ 

MAG: (28)+1/2 (22)+neo l ,) 

MAG: (30)+11-2 

Cl " -

fi , l1-08-84i 0900 5 ... SAG: w w ~ w w w . r 
M ? t) c'..... ------------------ -----------~--------------------------.-~------.--~~--

,-
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Appendix 2 (cont'd). Catalogue of beluga whales ide~tified dudng the 19.8'3, 
and 1984 summer seasons at the Nastapoka estuary. 

-------~--~--------------------------~---------------- ---------------------
ID number Date 
(size) 

Time ~uadrat Calf Group type: age structure and' 
• other ID~n) in saroe group 

---------------~-----------~--------~~----------~----- ---.----.--.---------

12 (w) 

, , 
, , 
Il 

Il 

, , 

02-09-84 0846 2 Neo MAG:' (12)+neo ----"-------------------------------------------------------------

17-07-84 09541 

18-07-84 1318 

, 1 1822 

03-08-84 1002 

Il 1651 

02-09-84 0846 

2 

3 

2 

3 

2 

2 

Neo MAG: 3/4+neo 2/3 (10)+neo 
(11)+neo (16)+neo 

Neo MAG: 2/3 2/3 1/2 w+neo 1/2 neo 
2/3 

MAG~ w+neo 

Neo MAG . 
" 

Neo MAG 

Neo ~G: (11) 

-----------------------------------------------------------~ ----
( 

, 14 (3/4) 17-07-84 1916 3 SAG: 3/4 w w w w 

Il 22-07-84 1737 2 
--------y-----------------~---------------------------------1~---

15 ("W ) 19-07-84' 1857 2 SAG: • w'w 
0 , 

1 1 20-07-84 1120 2 
J . 

" 1 21-07-84 l101 2 SAG: w w w w 
" 

l , , 
" 1245 l ~-

, 1 , , 1532 1 - SAG: ww . 
, , 22-07-84 0908 2 SAG: w w" -, 

il " 1737 2 - SAG: w w W 

Il 27-07"84 1122 3' SAG: ww 
~ 

~ , , , , 1725 . 1 .. SAG: w w 

·1 1 31-07-84 1013 3 SAG: 3/4 w 
-~ 

\ ' i' 1319 2 SAG: w w 

l , '1 ' 1935 2 SAG+MAG.: w w+neo 
y ... 

t • 01-O8~84 
_________ M _______________ ~ ________ ~------------------- ________ • ____________ 

, J • 

--
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-Appendix 2 (contld). Catalogue 6f baluga whales identified during the 19a3 
and'1984 summer seasons a~ the Nastapoka estuary. . 

\ 
------·--------~------- ____________________ ~ __ 4 _______ ___ • ________________ _ 

/ID number 
Csize) 

Date Time 
, ? III 

Quadrat C~lf Gr9uP type: age structure and 
other ID (II) in sam~ g~oup 

---.-------------------------.------------------------ ---~---------._------

15 ' 

Il 

Il 

1. 
Il 

l' 
Il 

Il 

Il 

Il 

Il 

Il 

Il 

. 
1 t 

{ 1 

1 t 

" 
Il 

16 (w) 

1,1 

Il 

12-08-84 1214 

Il 1322 

17-06-84 1233 

, 1 1900 

",18-08-&4 0831 

, , 

Il 

20-08-84 

1159 

1444 

1504 

23-08-84 -0900 

30-08-84 0938 

Il 0957 
o 

Il 10-20 

31-08-84 --1045 

Il 

Il 

01-09-84 , 
Il 

).. ,II 

1400 
J 

1530 

;'1:2i8 

-1531 

1320 
"-

16 

1801 

2 

3 

2 0 

1 

1 

1 

1 

1 

3 

2 

2 

2 

2 

3 

2 

2 

2 

2 

'\ 

t, 

SAG: w'w w 

SAG: w w 

SAG~ w w' 

SAG: w 

SAG: w w 

SAG: w w 

SAG: w w 
l 

~ 

SAG: w w w w -

SAG: w w w w 

SAG: w w 

,. SAG: w 

SAG: .w,w w 'w 

SAG: w ./ 

SAG: 3/4 

SAG: w w 

SAG: w 

• 

( 

, # 

- - - - - .... -- - - - - - --- -- - -- - - -- -- - s.. - - -_: - - .... - - _ .. - - - - - ~ -," - - - - - ~ -l>-'" __ ~ - - --

20-07':83 

27-07-83 1145 

08-08-83 0852 

3 

3 Neo . . ________________________ ~---------------------------J-________________ . ____ • 
, , -. Q,.. ..... 

/ 

.... ... 

., 1 
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Appendix 2 (cont'd). Catalogue of beluga whales identified 
and 1984 summer seasons at the Nastapoka estuary. 

the 1983 

----------------------------------------------~~--~------------ ----------
ID number Date Time Quadrat Calf Group type: ,age s cture and 
t( s i ze) .... , other ID (II) in same group 
------------------------------------------------------~-~--------------16 (w) 17-07-84 :~4 2 Neo MAG:' 3/4+1/l~,2/3 (lO)jneo 

- (11)+neo (12)~eo 
1 1 1 1 09 5 2 Neo MAG: 2/3 

, 
f f 19-07-84 1857 -2 Neo MAG:' w+neo w+neo 

(~f) 

\..--.. f J 24-07-84 1904 SAG: w w 
~-\ 

, -------------jf---------------------------~------~----- ----------
~~ 

17 (w) 02-08-83 1751 2 

f f 12-08-83 1307 4 

Il 13-08-83 0958 2 

fi (~) 18-07-84 1559 l SAG: (18) 1 

f f Il 2110 4 MAG ~ 

J f 20-07-84 1826 1 SAG: w w w w W 

f' , 11-07-84 1532 1 SAG: wwwwwww 

'Il Il 22-07-84 0908 3 SAG: w /'1 

) 
. Il 28-07-84 1715 3 ~ ,..(25) 

v 

'.1 31-07-84 1107 4 : w 
,-

Il Il 1956 3 ~ SAG: wwww 

, J 01-08-84 1329 2 SAG: ww 

1 I- Il 1449 - 1 SAG: w 

Il , Il 1758 3 SAG: 3/4 '-3/4-w w w w 

" Il 31-08-84 0950 2 

fI Il 12~ 2 SAG: w w 

.' f 

~ - 02-09-84 1320 1 . SAG: w w w ' 
~-------------------------------:---------------~--------------

Il 

18 (w) 18-07-84 1559 1. - SAG: (17) 

--------,--~-.----------~~--;-------~--~----------:------------------------
1 

(J 
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Appendix 2 (cont'd). Catalogue of-beluga whales identified during the 1983 
and 1984 summer seasons at the Nastapoka estuary. 

• c 

--------------------------------------------~----------------------------.-
ID numbèr Date 
(size) 

Time Quadrat Calf Group type: age structure and 
o other ID (II) in same gr,oup 

18 20-07-84 1457 2 SAG? 
---------------------------------r-------------------- -----------

22-07-8Li 1737 2 

, , 25-07-84 1627 2 MAG 

j, 01-08-84 1721 2 

, , 03-08-84 1437 3 SAG : 1/2 1 / 2 1 / 2 

20 (3/4)' 2"5-07 -84 1510 J 
1 

SAG: 3/4 3/4 3/4 

, , 

Il 

, 1 

, , 
, , 

Il 

, , 

, , 
, , 
, , 
, , 
, , 

l' 

, , 

21 (3/4) 

04-08-84 1233 

06-08-84 0830 

, , 
b
1810 

15-08-85 1505 

, , 1758 

, , 
"v 1900 

29-08-84 1428 

30-08-84 1200 

, , -1441 ' 

, , 1459 

, 1 1726 

31-08-84 1501 

, , 1602 

0' 
3 

3 

4 

2 

, 4 

3 

3 

2 

3 

2 

4 

3 

3 

SAG: w w 3/4 3/4 

SAG: 3/4574' 3/ 1• 

SAG: 3/4 3/4 w w w 

SAG: 3/4 3/4 3/4 . 

SAG~ 3/4 3/4 3/4 

( -
SAG: 3/4 3/4 3/4 

SÀG:'w W' w w 3/4 

SAG: 3/4 

~AG: w w 

w w 

SAG: w w w 2/3 3/4 

,1 

( 

02-09-8~846 21 
• SAG: 3/4 ~/4 w w 

----"--~-l-------~-------------------r-------------------------

12-07-84' 0821 3 SAG: w w 

, , 24-07-84 1515 ,. 3. - -___________ ~ __ -__ -------------~--_-------.------------ ~--J-------- __ -_?-~--
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Appendix 2 (~onttd). Catalogue of beluga whales identified during the 1983 
and 1984 s~er seasons at the Nastapoka estuary. 

'-
-~-----.-------------------.---------------------------------~-------------

, ID number Date 
(s ize) 

Time 

22 (3/4) 24- -07-84 1452 

t 1 

t t 

1 
t 1 

t t 

Il 

Il 

Il 

t 1 

1 t 

Il 

Il 

t 1 

t 1 

l' 

31-07-84 1506 

• Il 1643 

Il 1959 

01-08-84 1329 

1449 

1512 

• 02-08-84 1036 

, t 1130 

Il 1244 

03-08-84 1352 

t t 1659 

06-08-84 *0959 

07 -08-84 

16-08-84 

1955 

p928 

Quadrat Calf Group type: age sttucture and 
other ID (ff) in sarne group , . 

1 

3 

3 

3 

3 

2 

3 

2 

3 

4 

3 

3 

2 

3 

Neo MAG: (4) 

Neo COUPLE 

Neo ,MAG: (30)+1/2 

Neo 

Neo 

MAG: (11) (28) 

MAG: (31 { 

Neo MAG: l"+neo 

Neo MAG: (30 )+1/2 

Neo MAG: w+neo 

Neo MAG: (30)+1/2 
~P 

f 
Ne~G: (32)+1/2 
,/ 

/' 
Neo MAG: (1 )+1/2 (31)+1/2 

MAG: (10)+neo 

Neo MAG' 

Neo COUPLE 

Neo MAG 
-r------~----------------------------------·---------- -----------

23 (w) 24-07-84 1555 3 MAG? 
1. 

l' , , 1834 3 Neo MAG: 3/4 

f , 26-07-84 1238 4 

, , 
27-07-84 1711 4 MAG: w+1/2 w+1h f- . 

, , 
JO-07~84 1026 4 Neo MAG 

' , , , 
1033 3 MAG4 (11) 

, , 
31-07-84 1100 3 Ne-o MAG 

", "1935' 3 Ne MAG • 

-------------------------------------_:~--.---~---------------.----------

\ ~ 

r' 
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Appendfx 2 (cont'd). Catalogue of b~lug~ whales identified during the 1983 
and 1984 summer seasons at the Nastapoka estuary. 

--------------------------------------~---,---------------------~----------
ID number Date 
(size) 

Time Quadrat Calf Group type: age structure and 
other<-ID (/1) in same group 

-------------------------------------------------------------------:;~-----
23 16-08-84 1504 2 Nec MAG "-

t 1 20-08-84 0908 3 Neo MAG: 2/3 

t t 25-08-84 1254 3 Neo MAG: 1/3 
-- --- -------- - - ----' --::-~- -- --------- -------- ------- ----------~ ----

24 (w) 06-08-83 1743 3 

1/2 ~ 1 t 08-08-83 . 0745 3 Neo MAG: 

Il 12-08-83 1000 3 Neo 

, t t t 1325 2 Nec 

1 t 13-0'8-83 1013 3 Nec 

W3/4(u 
t 1 t 1 1715 3 

... 
Il (w) ·12-07 -84 9831 ~ MAG: nec w. w neo 

t 1 24-07-84 1515 1 

l' t, '\ 1545 3 1/2 dG: (30 )+1/2 _______ ~_1 ___ ~ ________________________________________ -----------
.. ,~ 

25 (w) 17-07-84 1916 3 Alone 
0 

) 

J l' 25-07-84 1510 3 SAG: w w w 

t, 28-07-84 1715 3 SAG:L w1w w w 
-------------------------------------------------.---- ---------~-

26 (w) 24-07-84 1521 1 .. 
Il 25-07-84 1120 3 MAG? 

1 t 1 t 1306 3 Neo MAG1i 1/2 w+neo 2/3 1/2 w+neo 

Il 30-07-84 1340 4 Neo MAG 

t 1 t t 1345 4 MAG 

t 1 Ç_o07-84 0935 2 MAG, 

3/1:4' 2/3 t t 05-08-~4 150'0 3 SAG: .... 
----------------------------------~--------------------------------------~ 

, 
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Appendix 2 {ccnt 1 d'). Catalogue of belu a whales identified during tpe 1983 
<1. 

and 1984 summer seasons at the Nastapok est~ary. " 

~ 
--------~------------------------------- ----------------------------------
ID number 
(size) 

, Date Time Quadrat alf Group type: age structure and 
other ID (/1) in same group 

---------------------------------------------------------.---------.------- ~ 

26 22-08-84 1854 3 SAG: w w 
-----------------------------------------------------------------

27 (2/3) 31-07-84 0935 3 MAG 

28 0/4 ) 31-07-84 0935 3 MAG 

t, 1 t .1959 3 1/2 MAG: (11)+1/2 (22) 

Il t 1 20-07-84 3 1/2 MAG: w+l/2 3/4 . 
Il 01-08-84 1721 3 Nec MAG 

1 
t t 04-08-84 1226 

1 t 19-08·84 0709 3 Neo MAG 

1 t 30-08-'84 1300 3 Neo MAG 
)'-

1 t 01·09-84 1700 ,~ -, 
_ ............ ___ ...... _ ...... __ ...... _ ............ _ ...... ___ ......... ___ .... _ ... _ ... __ ............ _______ ... __ ... ... _to_ ............... 

2Q'(3/4) 24-07-84 1521 1 
8> 

t 1 31-07-84 1100 3 MAG~ (10)+neo (11 )+rieo 

t 1 31-08-84 1315 3 Neo MAG? , 
1 t 01-09-84 1100 2 1/2 MAG? __________________ ~w---------------------------------- ___________ 
30 (w) 24-07-84 1549 3 1/2 MAG, (24)+1/2 

Il 31,-07-84 1643 3 1/2 MAr- (22)+neo 

l' 01-08-84 1233 3 1/2 "COUPLE 
, , Il 1552 3 MAG: (32) (~3)+1/2 

t 1 02-08:'84 1130, 2 1/2 MAG: (22)+neo 

Il 05-08-84 1311 2 " Neo MAG: (35)+neo , , , 
06-08-84 1231 2 Neo 

----~--------~-----------~---------~-------------------------------.-------

, t 
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Appendix 2 (cont'd). Catalogue of baluBa whales identified during t)e 1983 
and 1984 ~ummer selsons at the Nastapoka ~stuary. , 

< i 
-------------------------------------~----~----------~---------------------
ID number Date 
(size) 

Time Quadrat Calf Group type: age structure and 
other ID (/1) in same 8 raup 

---------------------------------------------------------------------------
31 (w) 

l' 

l' 

l' 

l' 

l' 

Il 

32 (w) 

l' 
, , 

Il 

33 (w) 

l' 

35 (w) 

Il 

Il 'i 

Il 

, 1 

, 1 

.. 
36 (3/4) 

37 (w) 

01-b8-84 1329 

03-08-84 1352 

Il 1445 .. 
05-08-84 1600 

06-08-84 1518 

14-08-84 1458 

01-09-84 1305 

01-08-84 Q 11552 

02-08-84 1114 

, , 1230 

Il 
< 1244 

01;-08-84 1503 

02-08-84 1114 

"t 

3 

3 

3 

3 

2 

2 

2 

3 

3 

3 

4 

3 

3 

MAG: (22 )+neo 

1/2 MAG: (1)+1/2 (22)+neo 

, 1 /2 MAG: w+ 1 /.2_ 

1/2 MAG: (10) 

1/2 MAG? 

1/2 MAG 

1/2 '-

• MAG: (30)+1/2 (33)+1/2 

MAG: (33}+111 " 

1/2 MAG 

1/2 MAG: (22)+1/2 

1/2' MAG: (32) 
--------------------------------------------------------------.--

05-08-84 1311 2 
~ 

Neo MAG: (30)+neo 

, , 1602 2 V,.2 MAG 

VI 1923 3 MAG? 

06-08-84 . 0904 2 Neo MAG ) 
ft-

18-08-84 0825, 3 Neo M(o.G 
1 

31-08-84 1315 3 Neo 
_________________________________________________________ 4. ______ 

06-08-84 1017 3 MAG - " 

-----------------------------------------~------------.~---~---~-

17-07("84 2115 2 MAG: (32)+neo w 2/3 
------------------------------------------------------ --~------------------

J 
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Appendix 2 (cont'd). Catalogue of beluga whales identified during the 1983 
and 1984 summer seasbns at the'Nastapoka estuary. 

--~~------------------------------------------~------- 7--------------------
ID nwnber Date .-
(size) 

Time Quadrat Calf Group type: age structure and 
other ID (0) in same group 

----~-----------------------------------------~------- -.------------------. ~ , 
37 05-08-84 1923 3 Neo MAG 

Il 

Il 

" 

Il 

Il 

06-08-84 1116 

Il 1353 

30-08-84 1517 

31-08-84 1259 

02-09-84 1100 

2 

2 

3 

3 

3 

Neo MAG: w+neo 

Neo MAG: J/4 2/3 

Neo MAG 

Neo Mag , 
-----------------------------------------------------------------

r 
38 (3/4) 03-08-84 1651 SAG: w w w 3/4 3/4 

f 
2 

Il 

1 ! 

39 (3/4) 

Il 

" 

Il 

" 

" . 
" 
, , 

" 
1 t 

, , 
"J" 

" 

12-08-84 1043 4 

Il 1130 ~ 2 - MAG?: (4) 
-----~---------- -----------------------~------~---------------- r 

fJ,-'" 
,{ . 

08-08-84 0947 2 MAG? 

10-08-84 1717 3 SAG?: w 

12-08-84' 1043 2 SAG: w w w 3/4 3/4 

Il 1240 3 SAG?; (40) 

Il 2038 3 '-

14-08-84 0935 3 

~~3 
; . 

15-08-89 SAG?-: w w 

" .1014 

16-08-84 0928 MAG 

" 1025 MAG 

17-08,-84 1000 3 SAG: 3/4/ 3/4 3/4 

26-08-.84 1101 4 ~ Neo MAG? . 
, 

, 1 30-08-84 1300 2 • SAG: w w w 3/4 ---=--------~~-- ~- ~ ---__ ... --:...d- --~_~~ -\~ -:~:-_~- ----- ~---~-- --- ---------_ .. -1-
- . . . ~~.~- '~ (, 

\ 

1 
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Ap~ndix 2 (cont'd). Catalogue of beluga whales identified during the 1983 
and 1984 summer seasons at the Nast~poka estuary,' 

------------------------------------------------------ -------~-----.-------

39 

1 1 

, , 

40 (w) 

41 0/2) 

Il 

1 1 

r 1 

42 (1/2) 

Il 

, 1 

, 1 
~ 

Il 

31-08-84 0950 3 SAG: 3/4 w 

Il 1913 2 5AG: w 

02-09-84 0931 MAG 
'" ------------------- -------- ---- -/- ------ - ------~i - - - --- - - - - - -- .. - - --

14-08-84 ,1240 • 3 - SAG: (39) 
------~------~----------------------------l------ --------------­

e 

30-08-84 1441 3 ~ MAG? 
\ 

31-08-84 1045 ~ MAG? 
.-..-( } 

, 
Il 1913 3 MAG?: w • > , 

02-09-84 0846 2, MAG 1 

--------------------~---------~----------------------- -----.--.--

31-07-84 1302' 2 MAG 

Il 1314 4 . MAG: w' 

~ 

01-08-84 1329 3 MAG: w 

02-08 1230 4 MAG: (l0) (1-)+1/2 , .. 
17-08-84 1230 3 
-~---------------------------------------------------- ----------. 

43 (neo) 03-08-84 1336 3 MAG: w 

J, 06-08-84 0830 2 MAG: 'w 

----------------------------------------~------------------------
1 

44 (w) 24-08-84 0854 4 SAG 

r r 27-08-84 1824 3 
. 

3/4 Il 29-08-84 0813 4 SAG: 

Il " 1300 2 . ,-
1 1 30-08-84 1020 2 1/2 MAG? 

4r 

f 1 Il 1300 2 Neo? MAG? 

-------------------------------:---------------------~------------------~--

.. 

~ 

l 
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Appendix 2 (cont1d). Catalogue of beluga whales identified during the 1983 
and 1984 summer seasons at the Nastapoka estuary. 

-- - - - ___ \_ - _._ .. _ - - - .'. ____ - ___ ... __ - -_ -__ -- - .... -_ ...... _ ... ..:--- ... - - -----------001 _ -_ ...... ___ _ 
ID number 
(size) 

Date Tirne, Quadrat Calf Group type: age structure and 
other ID (#) in saroe group 

-- - -- ....... - - -.- ... -- -- --- ... - - '!"'------ - _ ... _ ........... -- - -_ ..... - ----_ ... _ ... --_ ... -- - - -_ ...... -- - -- ... - _ ... 
44 31-08-84 1501 2 , 
l' , 1 1530 3 SAG:w w w 

l' l' 1602 4 

Il Il 1913 4 
~ 

Il 02-09-84 1610 2 MAG 

45 (3/4) 12-08-83 1010 3 Neo 
... 

l' l' 1310 Neo 

l' (L3/4) 2'5-,08-84 1500 

l' 26'"08-84 1448 2 

') ~----------------------------------------------------- -----------

46 (w) 02-09-84 1702 2 MAG' 

Il 

.C 

, 

\ 

• c 


