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Systematic obsérvationsﬂon belugas (Delphinapterus leucas) occupying

the Nastapoka River in eastern Hudson gLy vere cbnguctgd during the summers

of 1983 and 1984. The highest herd counts. in 1983 and 1984 were 245 and 260

respectively. Neonates represented 19.27 of the herd in 1984. During the

° .

saméd year, the male to female adult sex ratio was estimated to be 1l:4.3.
~

o

Whales idéptified Using natural marks and scars were seen .both years, and

[

throughout a same season. In 1984, %4 minimum average daily presence in the

@

'

estuary Qﬁ\zoz was calcuikted for 24 of the most conspicuously, marked

whales. A erage‘ recovery periods of 40 and 24 hours were requirdd for the

'
whales to reoccupy the estuary after disturbances from Hugts and motor traf-

s

fic_respectively.

s

The\distribgtion of belugas in the estuary was found to be influenced
mainly by the tide. The beh;vior of whales was found to be mainly ihfl%:
ence& by the total number of whales. Age of whales was shown to be the mosf
important factor in disﬁriminat;ng between classes of behavigrj/

The groups found in the estuary were segregated partly according to

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

niles). The mixed age grodps were larger, more abundant, more stablé, and/

displayed a smaller behavioral repertoire thég similat age groups. /
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Des ?bservations systématiqugs sur les marsouins blancs (Defﬁhindg-

‘terus leucas) ont été faites dans l'estuaire de la riviére Nastapoka sur la

d'Hudson pendant les étés de I983 et 1984, Les plus
#

lugas en 1983 comptaient 245 animaux et 260 en 1984,
3 . , o~

cdte est de- - la baj

gros troupeaux de

=

: N »
représentaient 19.27 du troupeau en '1984. Une méthode
el

Lgs nouveaux-ngs

—— .

. -
femellés adultes a produit un rapport de 1:4.3 pendant cette méme annde,

> -

» ' .. . »
Les marsouins; identifiés a 1'aide de marques naturelles et de cicatrices,

oy - -, PN A Y
ont, été _observés d'unepannee a l'autre et au cours d'une méme saison. [Ln

i

1984, une: présence joﬁrnaliére minimum de 30% a été ~calculée pour 24 des

- . - -
marsouins les plus facilement identifiables. Les périodes moyennes de

» T

récupération aprés les dérangement causés par les chasses et des passages de’

) [
bateaux’dans l'estuaire étaient de 40 et de 24 heures respectivement.

’ ) N

La distribution des bélugas dans 1'estuaire était principalement

-

influencée par les marées. Le comportement des bélugas était principailement

influencé par leur nombre tqtﬁl. L'age était le facteur le plus important
- ' ° s N *+

. J
dans la discrimination entre les classes de comportements. .

- ‘La ségrégation entre les différents types de groupes était basée,. en

~—— .

. pértfe, sur l'age des individus; les groupes d'adges mixtes et les groupes

d'ages semblables (formés d'adultes ou de juvéniles). Les groupegd * d'?ges

]

indirecte de la proportion des miles adultes versus celle des °

- mixtes étaient généralement plus gros, plus abondants, de composition plus

stable et démontraient un répertoire de compdrﬁementS'moihs varié que les '

.

v

groupes d'ages semblables.
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{j ‘ ILTRODUCTION

{

White whales or belugas (Delphinapterus leucas)‘gre the most Zbundant

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 differgences in the body size of -

belugas from diffeééﬁt areas has led to the delineation of several separate

.

™
stoeks, or populatiohs\ﬁn Canada (Fraker 1980; ‘Smith et al. 1985; Sergeant

1981; Brodie et al. 1981;$%inley et al. 1982; Vladykov 1944; Sergeant 1986).

One stock, the subject of tHis thesis, spend§ the summer on the east coast

;{ of Hudson Bay. -t ) ‘

In the 19th century, herds of belugas in eéster;\Hudson Bay occupied

2

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

. months and there were repo;ts of hérds of similq; size farther north in

o Richmond Gu1£ and in the "Nistavucky" River‘(probablf the Nastapoka River,'
/ Francis 1977). Richmond Fort, on Richmond Gulf, was the first beluga hunt-
ing site used by the Hudscn Béy.Company in 1750, where there was a harvest

ofo whale skins valued for their high”ﬁuqlity leather.‘,NQtive whale hunting'
continued for the next one hundred years or so along the eastern Hudson 'Bay

coast. Then, from 1854 to . 1870, modern whal%ng technique; using nets deci-

. o ’
mated the Great Whale arid Little Whale River herds to the point where the

>\‘renmin.’mg whales would no longer use the rivers, and the "porpoise fishery"

had to be abandoned (Franc§§~1977). -

f

The Naétapoka River estuary is currently the only major concentration

@ area of ' beluga whales in east2rn Hudson Bay. It is also the major site of

L
4

,whale huﬁting. Approximately 30° whales are tékéﬂ at t::;ﬁ:iﬁe every year,

from a population on which there is as yet 1littl ormation (Breton-




Provencher 1980; Finley et al. 1982; Smith and Breton 1986) and which has
receptly been estimated to number 970 (Smith and Hammill 1986). \ )
The first objective of this study was to assess the 1mp6§tance and

' vulnerability of the Nastaéoka beluga ﬂerd. Therefore, it sas important to
obtain a morz accurate estimate of the size ;f the Nastapoka herd and espe-
gially  its agevst:uctd%e (from size classes, not from precise gize measure-
ments); to determine if, ana to what degree the whalé;7wé§e site tenacious{

and finally to measure the impact of human activitiesfgn the egtuarine occu-

pation of whales.

%he estuarine habit of belugas also creates an exce%lent- opportunity
for observers tg study their behavior from land, thug miﬁimizing.disturbance
effects. Several authors have recognized the biases introduced’ when behav-~
ioral observations of whales were conducted from boats (Norris and Dohl
1980%”Wﬁr§§g and Wiirsig 1980). Previous studi?s looking at the biology of

zwhété whales reported incidentally on their behavior during migrationéﬁnd
océupation ofvestuaries (Kleinenberg et al., 1964; Yablokov ‘et al. 19743
Fraker et al. 1979; Breton-Provencher™ 1980; Finley et al?§19§2). Broad
categories of behavior or activity classes have been aocuménted and related,
in part, to certain types of undéfueter vocalizatlons (Sjare ;nd Smith
1986). The repertoire of behaV1or reported for captive belugas (Defran and

Pryor 1980) was very limited compared to that of ot&;r dolphin specdes.

Studies on the behavior of coastal dolphin species have ppoliferated during .

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

’

1980; ‘Wirsig and Wur51g 1980), and now provide a database for comparisons )

»

with belugas. . | , ;

-
: ’

Thus, the second objective of the present study was to document the

~ - 0
behavior and group structure of a herd of belugas during their sumg%t occu-

~




. . ' (4
- 4 Q::J N
patjoh of an estuary. But® since the Nastapoka herd is subjected to hunting

o

L4 . -

‘and répeated‘disturbances from humans, the objective of the behavioral facet
[ (-

L]

of this study was also to assess and possibly measure the impact of such

disturbances on the behavior of white whales in the estuary.

\

14
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°STUDY SITE .

L

3 ’ { ' . .
The Nastapoka estuary, Northern Quebec (Fig.ul;'560 55' Ny §6° 36' W)

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

@

wide in an east-west orientation. The Nastapoka Riveé originatés in the
Seal Lakes, 191 km; inland from the coast. ﬁ%f\’ s . |

The study sité was divided into five areas, or quadrats, from the
falls down to the bay (Fig. 2), and the location of these quadﬁati was tﬁe
same for both yearst ~ ~

Lamothe (1983) founé the averége monthly discharge, for Ehe years
1948 to 1978, to be 268 ms/sec. with péék discharges in‘Jqu, July, August
and September (468.6, 431.8, 403.7 and 392.2 m3/sec: reSpéctively). Ig each
year, the peak flow @ccurred in any of these.four month;J The flow of the

o o

river gradually decreased during the winter monthsthen sh;yplf increased

& e

'

from May to June.

> (o) .
In this study, water samples from six stations insiéz\,tﬁe‘ estuary

S

were taken at various depths for saLinify‘and temperature measurements.’

s . ’
These water samples were collected on two separate days during 1984, 10 July

and 7 August, on mid to high tides‘(%?beled A to F in Fig. 2). They frevealed
the existence of two distinct water massés characterized by different sali-
Eity and %tempera£ure rangesﬂ The river water temperature xanged between
11.29 € and 16.19 C, with O‘PPM salinity. The sea water temperature ranged

<

between 6.69C and 9.39C, with salinity increasing from 6 and 15 PPM with

depth.
Salinity and temperature/depth profiles of ‘water sampies taken frdﬁ/

sPations located approximately midpo{nt a;ong the route from the upper qua-

drats to the bay (Fig. 3: stations A, C,.%nd F) on the 10 July, 1984 {ndi-

L .
s (“ .

N
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H 3

cate that cold saline water intruded below the river water as a wedge from

-
' &

H&&sbn Bay. 'The same conclusion can.be derived if data from 7 August is

- . . . &« o
used. . . ) .
R ‘ ) \
; ' Ab;upt changes in water temperature, coinciding with variation in
; Bt

3

tidal heighig were measured by the permanent tempefature_probe (x in Fig.

- 2)...These changes revealed the existence of a dyramic thermocline that -

.

;Hvanéed_ and receded with:the flow and ebb of tide. There was 'a lack of a

o '

the surface; the

pronounced horizontal salinity-temperature gradient at
’ r

water was fresh in all parts of the estuary.

Because of its topography, the Nastapoka estuary was classified as a

. \ .
sybmerged delta estuary by Lamothe (1983). From the distribution of its

water , properties measured in this study, the Nastapoka also appears\ta.fall

!

into the éategory of a salt wedge estuary as described by Stpmmel (1964;‘ An

Pickard 1979). AN N -
¢ : . .
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environmental variables, listed below, were vqriables that were €alcMNated

'MATERIALS AND METHODS

White whales were observed”a;'the Nastapoka River estuary from 20
, : >
t ' N !’ » '
July to 13 August 1983 and from 21" June to 2 September 1984. All obgarva-
. A - . : 1 — . . .
tions were conducted from a 5 meter high tower located on the north shore of ~ =

the est&gry using binocculars, a cassette taﬁe recordery and a 35mm camera.

—t
p
- ¥ - ' i ! \ -

.

M o

Variables

-

Two types of variables were identified and measured during each

observation gessibn: physical’variables (4including-environmental variables,

] -
were related to

*

the estuarine habitat and were thought to influence ' the whales and the

see below) and biological variables. The physical Qariables

observer (abiotie factors). The Bio}ogica} variables were related to the

evaluation of the size class and behavior of whales (biotic factors). The

3

afte; the observation sessions, most of them when thegg%serVer was “ba from
the field season. The objectives of the data.analyses, detailed further,

were to explain the variation observed in the biological variables by one or
. . wt R h

a combination of physical fac¢tors that were occurring simultaneously.: ,

-
. ¥

The following are the physical variaﬁles'recorded at the beginning of,

each observation session. The ﬁime of day (EDT) was.obtained from a Tiﬁex .
Lo . ’

digitaiﬁiwatéh and tidal height was read from a tide gauge, accurate to 0.05

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

3 [

Water tepperature was recorded from a’temperature probe fixed to the bottom
of the estuary in the middle of quadrat no. 3.and was relayed to a YSI tele-
thermometer in the tower. Wind speed and wind direction measurements were

read from a portable weai“er station. Other faétogs influencing obserya-

1] ¢ !

>
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3

! Y

N i _
tions such as the state of the water surface, water clarity, and light con-

&ition were recorded |on .an ordinal scale of 1 to 4. At one end of.the

scale, a value- of 1 1ndi§ated choppy waters for the water surface varlable,
opaque water for the wat%f clarity var1able and strong glare emanating from
the surface of the water fbr the light condition variable. At the other end

of \the scale, a value of Akindicated calm and flat waters for the water sur-

-
1

». face variable, clear waterifor the water clarity variable and diffuse 1light

for the light condition variable. A count index variable was created to

measure, on an ordinal scale of 1 to 4 (worst to best), the observer s con-

? . ] !

fidence in the count value. ‘This index would also represent a stbjective

e

measurement of .the fatigue of the observer in order to prOV1de information

a

on the stability or repeatability ‘of the observatlons

~
9

The environmental variables were: the total number of whales present

in the estuary at the time of observation,rthe time elapsed since the return

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

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

~

of the.herd in the estuary. As mentionéd above, these were all recorded

L4

after the observation sessions.
< )

The biological variables, were evaluated siﬁultaneously on the same

whalegy when it became visible at the surfaée of the@water. The first biolog- .

ical- variable reqorded was the the size class to ,w?ich- a- whale belonged.

Previous studiés established a reasonably accurate age to length relationuof'

. : 9
. belugas‘of 0 to 3 or 4 years old (Sergeant 1973). Length of calves relatite

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

. and later age classes. Five age (size5 classes of belugas *we}e defined:

neonates (about 1/3 length of adult), 1/2 lengths (1 year old), 2/3 length

‘(2 years old), 3/4 (3 years old or older) (Fig. 5). Relative 1ength; of




‘
cor : »

I ~

-

calves of different ages could be relatively easily. evaluated because of

®

their usual close swimming association with an adult.

14

’

The second biological, variable evaluated on a whale was the actio

. N . . v 3

pattern a whale wag observed to perform. Action pattefns were assembled in

an ethogram of 28 action patterns which was compiled during the first sea-

son, and used in the secondigeasqn in scan, sampling. Ohly those action pat-

_terns which were visible above the water surface were incorporated into the

ethogram‘ind in the data analyses. £ An action_pattern was defined as a rec-

to, - - -
ognizable, reappearing? posture or paﬁtern of onement (Packard and Ribic

3

|

°

1982) that could be qui ily recognized in the field.

-
*

Scan sampling

Scan _samples of behavioral states, if sampled frequently enough; can
s Y > ‘

estimate of the averagé duration of this state. How-

F

be converted into a

‘ever, the observer shpuld try to scan each individual for the same brief

\

period of time, othérwise, a scan sample is equivalent to a series qf short

fotal-animal samples/ of variable and unknown durations‘(Altmann 1974),

\

In the presert study, scans samplad events {action patterns only)

\\rather“tﬁan states, The analogous behavioral stateé, described later .in

N

‘this seg}ion, Jere alled activity classes because they were not assumed to
' , )

confer specific ‘function. Activity classes were attributed to gfoups of

action patterns which most.physically resembled oné another for the purpose

of constructing activity‘-bﬁdgets. When sampled frequently enough, the

<

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

~

activity class to which they belong, thus informing on the average pfopqr~

-

~ L4
tion of time - that belugss\ggsgt performing action patterns belonging to a

Al -

paftACulaf activity cYass.
-,




- Scan sampling originally coénsisted of periodicdlly surveying the

entire study site from one end of the study area (quadrat 1) to thevother -

- (quadrat 5) noting the quadrat, size class and behavior (the ff?gt axtion

pattern observed) of each whale as it surfaced. But because whales locabed

in quadrat 5 were often more than 500 meters from the observation tower (see
fig. 2), thus were téo difficult to observe, ohly results obtained from

whales located in quadrats 1 to 4 (less/than 300-400 meters from the tower)

¥ . N

were actually .used in the more refined analysis. When analyses only
®
required that whales be counted, andnot classified in age classes or per-

forming an action pattern, data from all quadrats were used.

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

8 -~
underwater. Most were seen to surface frequently within a few minutes

' (probably because of the shallow water§ of the estuary), thus spending on

average between 30 sec. and 1 min. underwater. Most whales could be seen

]
swimming under the surface ,of the water, and the observer could follow a

group and'saﬁple each whale for size class and behavior as it surfaced.
-~

Depending on the size of the herd, or the number of whales ‘sé§pled,

the duration’ of kcan’ sessions ranged between 5 andbiS minutes. If th?
énti;e’scan'session could n;t be)inst%nteneous, individual whale was
observed at the §ufface of the,wat;r for less han a few seconds (with prac-
\tice, size claes could be rapidly evaluated, and so could the first obsérv-

&

able action pattern). Therefore, the basic requirement for the‘va%idity of
scan sampling put forth by Altmann (1974) is met here. % AN

Scan sampling started on 3 j;ly and ended on 2 September 1984, and
was performed once approximately every two hours from 9 AM to 9 PM (an aver-

age of 6 per day). Observation sessions, thus, were usually two houts apart

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

1 ay

.
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events. J . ¥
Slightly over 33,000 observations of whales vwere made over the obser-
vation seasdh\of 59 days in 1984, Apptoximately 11 dayq of these could, not
be sampled because wifales were absent from the estuary due to various dis-
turbances, therefore only 48 days were actually sampled. ‘ This total scan
”sample of 33,000 observations is the resuit of the multiplication‘of the
* mean daily sample of'688 whales by the nmumber of .observation days '(48):

This figure (33,0q€?\ is also obtained when the average herd size of 106 '

whales is multiplied by the number of observation sessions (310). Theoret = ¢

. g

cally, if the‘ same whales were present during a day in the estuary, each
whale was sampled approximately 6 times in the course cf one day ﬂ?t inter-
vals "of two hours. If the same whales were present throughout the observe-
g tion.season (48%days), each whale was sampled approximately 288rtimesl' How-
ever, as Vindiiations of site fidelity or resideho;r;howed (see\in a later

section), the same whales were probgbly not sampled m@re than 30% of .the_‘
above theoretical rate (about§86 times) throughout the course<of this stuoy.

L

-

3

* Focal sampling -

Focal samplihg is defined7as a sampling method in which all occur-

rence of specified’actions of an individual, or specified group of individu-
v
als, /are recorded during each observation period. Once chosen, a fogal

2

individual is followed to whatever\extentagossible during each of its sample

periods (Altmann 1974).

In this study, focal samples were done on groups of whales,‘and all ‘

occurrences of action 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 as possible, usually

Y

#
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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 involved” following a
small group (average éroup size of 4 whales) forQSeveral°minutes, noting

once the size class of each individual (for size class composition) and many

o

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

v

water (for the clustering analysis). During focal sampling, group encount-
ers were also recorded. Focal samples were taken as often as possible on
any group ¥hat happened to come into view relatively close to the tower

(usually quadrat 3).  The focal samples were recorded between the scan gamp-
. \ : (

ling sessions.

Ly

Eighty-two focal samples were obtained in 1984 which- lasted a total

“
of 390 minutes. The duration of action patterns was not considered in thgse
;amples, since action patterns had already been assumed to be instantaneous;
as in the scan samples. Here, the sequences of action patterns and the tem-
poral correlations between -action patterns and group encounters were of pri-
mary interest. ~

Where scan samples'weré used to study the influence of environmental
factors bn the activiéy budget of belugas, the focal samples were .used to’
study the group structure and organization of belugas in~the"estuary, as
well as‘some aspects of their social‘behavior.

= . . p . 'L

Calculations

The following explain tﬁg calculations used in the different sections

of this thesis. These follow the order in which the results will be pre-

-

sented. . -
1

l

L

-




, counted during any observation session of &ach week.

A

. \
Human disturbances frequently caused the evacuation of whales out of

1 w

the estuary. To account for these evacuations, the .seasonal growth curve of

the Ngstapoka herd was plotted using only the highést number of whalds

v

It was noted from the beginning that belugas were distrjibuted rela-

‘tively evenly in a wide .central- corridor in é?e estuary. Therefdre, a

-

median was thought to be an appropriate measure to quantify the distribution
of belugas alopg‘the length of the estuary, “since a mediam, or central ten-
dency, is the middle value of a set of measurements arranged in order of’

~

magnitude (Daniel 1978). 1In other words, the mediap of the distribution of

#

belugaé was the position: in units of quadrét, of the whale in the middle of
the distribution knowing the count of Qhales in each quadrat. J

’ Scan samples, which are essentially censuses (Altmann 1974), were
also used to obtain estimates on popul?tion parameters such as age distribu-
tions, in this case size class distribution. Variations of age distribu-
tions were calculated for different years, quadrats, season, _and time
elapsed since the return of whales to the estuary. Blocks of the time peri-
ods (season and time elapse& since the return of whales to the estuary) are
of equal sample size, but do not necessarily cover equal amounts of time.

. N

* An estimate of the sex ratio was derived from the age distribution

table (taken from focal samples) on the assﬁmbtion that for each calf youn-
' Y .

ger than 2 years old (neonates and 1/2 lengths), there had 'to be a sexually

matufé 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 than once eVery~/two
v

years. -

To~study the effect of environmental factors on the behavior of belu-




gas in thesestuary, both a univariate (multiple regreséion) and a multivari-

]
ate (discriminj:;fanalysis) approach were used. Continge tables of acti-

vity classes pMere constructed to help the interpretatiod .of the behavioral

- 2

. responses to the most influential environmental factors./ These were con-
£ 5 R

structed by summing all action patterns belonging to an activity class in

cach block of environmental variables.

The i&entifipation of. individual whales was made using scars which
]

-

some belugas bore on their backs. These scars were believed to have been

caused by bullets during hunts. Whales were photogréphed when close to €he
tower, or their scars we;;v;:2wn by hand. ~Since usually onl§ one side of
the whale w;s visible during identification, only the scars located on the
lefE side pf the whales, the side visible when wnales‘swam\npstream, were

noted. This was to prevent ‘confusion in the idéntiﬁication of whales that

s
had different markings on each side of their bodies. . "

. - . ‘
% "Daily pfésence of identified whales was recorded as often as pos-

- a

13

sible, and from this record, a frequency of daily presence was counted. The
total observation period for each identified whale, Tsed-to calculate the

¥

rate of daily presence,‘started with the first day/of the identification of
)thit pagticular wnale, and ;as defined as the total number ;f days aften
' ‘identification. in which there was at least 707 of the weekly maximum herd
./ ' size of belugas present inthe estuar&. Counting only those da&s compen-
sated for the days in whic there were tooffew whales in the estuary to

\/\
expgét to reidentify an;’whale. This was done ES equalize the probability

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

' c - ’ ,lated by dividing the number of days in which a whale was_seen in the estu-

o

’ ary with the total number of observation days (defined above) for that par-

<«
r’

ticular whale. .

-

LY}
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Reco%5ry times were calculated by‘Zounti;g the hours_it took for the .
whales to reéoccupy the estuary after‘a disturbance. Partial recovery was =
declared when the first whale returned to the.estuary and total récovery was
attributed -when at léast'IYOZ of the pre-disturbance number of whales had
returned to the estuary." 4?

Statistical tests . "\ .

There were fégular intervals of approximately two hours between 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 ° B

days when they were exgected to be there (refer to later sectian). Further-

more, there would sometimes be one or more days between observation days

which meant that even more téme elapsed between scag,sdmples. The above

5

sampling conditions reduced the possibzlity of —&g?acorr lated events, or
clu;Fering of events, that would produce biases—gn-the statistical tests.
Although there must_have been some- dé%endence between observations, the
degree of such was not ;hought to prevent altogether the use of integrated
and highly informative multivariate statistics, especially when these are
used primarily as descriptive tools (Legendré and Legendre 1984).

Sevpr;I staégstical techniques were used to analyze ‘the data.h The
following analyses were performed S; the scan sampling data. Spearman rank

ggrrelationét (PROC CORR: SAS 1982) were used t§ find the relationship

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

.

and the enéironmental factors prevalent at that time. Chi uaré (NWA STAT-
‘ *

PAK 1983) tests were performed on the contingency tables of the “age struc-

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

lated for each cell to verify which observed frequency deviated signifi~

;o

~ , o , |
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cantly from the expected one. Mann-Whitney U tests (Daniel 1978) were used
< v
to compare the niéans of recovery times of whale numbers in the estuary after

hunting to the recovery times after motor traffic.

-

&

ﬂ
Multiple linear regressiogLanalyses (GLM and STEPWISE: SAS 1982) were

| used tosfind which environmental factors influenced the display of prominent

-_ ——

action patterns (PAP). Since prominent action patterns were action patterns

that appeared to serve a greater purpose than the combination of only swim-

7

ming and breathing, as in the ordinary swimmihg, only those were used in the
regressions. Thus, a ratio of prominent action patterns to the total number

. of action patterns (pfbminent action patterns plus ordinary swimming action

A pattern) counted in one observation session was used ag™she dependant vari-
.-able in the analysis. Such a variable has the advantage pf being adjusted

for .herds of any size. An arcsgq_of the sqdare.root transfor ion (Steel

(‘\\\\“' ang, Torrie 1980) vas performed on the ratio of prominent agfion patterns.

Most of the environmental factors vere normally distributed and only a few
. o -

had to be transformed. The residuals of the regression were £found to be
~ , §

normally distribhted.l
* ' " A canonical discriminant’ ang}&sis (CAND;SC: SAS 1982) was used to
find the differential influence of environmental f;:kors (intrinsic and
extrinsicb on thé 5 classes of behavior‘described in this study. This dis-
. eriminant anélysis verified if combinations of éhviromnental factors could

- separate, or ‘discriminate, the’ predetermined classes of behavior. ‘The same

N

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

.

E

‘:? ‘approqch normality of the data. The dependent variables in thisA;case were

in ZA;;\\discriminaht analysis as in the regression analysis, in order to

i

the actual frequencies of the ﬁi(ferent classes of behavior. The discrimi-

nant analysis is robust to conditibns of near normality of the descriptive




O

§ the preceding one.

.
T; . , ,,6
o
o

; variables, ‘especifally s%ggg this analysis is used to ‘measure the relative

contribution of %?Ch descriptive variable to the total discrimination

{Legendre and .Legendre 1984). L
¢ In focal samples, associations between action patterns were fouhd by
a clustering procedure (VARCLUS: SAS 1982). The clustering was hierarchical

and used the centroid method. It was based on the non-parametric correla-

I

tion matrix (Spearman rank correlation) of the action patterns. This proce-

défé is similar to thétsne presented by Packard and Ribic (1982). Transi-

*

tion matrices of following and preceﬁing action patterns were modeled on the

ones presented by Lemon and.Chatfield (1973). Chi squares were calculated

ori the rows of the tables #o determine if an action pattern was dependent on

\

e
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* RESULTS

Seasonal abundance and distribution in\estua\r:yj§

[}

_— Maximum numbers’

Y

In 1983, whales were present in the estuary before observations

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

*

23 June. In both years, observétions ended before the final departure of

the whales. Numbers of belugas fluctuated daily throughout both ‘seasons.
<

These fluctuations were caused in part by human-induced disturbances such as

boat traffic and whale hunting.~ ‘These will be discussed in a later sectiofl.

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

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

t

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

est count for 1983 was 245 and occurred gn the 27 July. In 1984 the highest
< ’

-

scount, 260, ofcurred on 25 August. During the 1984 seasoq{ the herd size

gradually increased over the season (July and August), then started to

- ' . R -
4+

decrease in early September.

<
: Distribution of luéas according to environmental factors
L] - '
. ~
While ocqupying the® estuary, groups of belugas continually swam

r
-

upstream and doﬁ%stream. During high‘%i@e, whales were usually- present in

all quadrats, whereas during low tide they were usually seen in the quadrats

. sclosest to the bay. At no time were there agz barriers preventing the
“ogid ~
c whales\‘from occupying.any parts- of the estuary. Q‘J;zz measure of whale d1
" . L

~€¥ibution chosen for this analysis was the median position. A Spearman rank

)

correlation between environmen;;l.factors and tQ%fgedian of the distribution
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of wha}gs in the estuary was; performed. The results.of the Spearman analy-
sis (Table 1) showed that the median position of the whales ;dvanced and
receded with the flow and ebb of tide. It also showed that the larger the
herd size, the farther upstream whales would swim and the longer the whales
were in the estuary wi£hout disturbange (longer time after a hu%t), the
higher upstream they were positioned. High waves, strong northerly winds
induced crowdﬁng‘pf the upper quadrats (upstream). Higher river water tem-
perature also pushed the whales into the upper quadrats while water ciarity
(murky water) apparently had the opposite’effect. Iﬁ counts subjectively

s

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

<

closer to quadrat ]. ‘ 9

’ ¢

Herd Status

Age classes
L

N

As mentioned earlief, size classes of belugas were used to estimate

‘ age classes. -Although coloration is reported here for the different age

classes, anly|the relative size class was used to differqntiate between age

classes. Whales §f the first age class, assumed to be neonates, were of a

-

uniform light bpbwn or beige color. At this stage, the negnate is about one
. \
third the length of the.accompanying white adult and has a characteristic

swimming pattern (described in the ethogram section). During the following

three to four weeks the neonates gradually become dark greyi One negnaté
-

accompanied by an individually recognizable mother was closely observed dur-
ing a period of approximately four weeks. At first, a dark giey ring

appeared around the neonate's blowhole,.then its melon, head, dorsal ridge
- <

-

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

3
LY
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‘ration is not, likely to be fixed and might vary among individuals.

.
N
y
. s
} . i
.

»

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

adult and it is of a medium to dark grey

-
-~

ghe length of theﬂ'accompanying

x *

The body is much thicker around the torso but its tail stock muscles

&5

are not as developed as those of older Juvenlles.»

cqQlor.

}
The third and fourth classes are the most difficult to dlfferentlate.

Most juvenile or immature whales are of a medium to llght grey color -~ They

have lost their earlier' roundness and the tail stock muscles are larger, -

Confugion can arise when only color is used to separate thesek"EWQ$7c1asses.

Observation of freshly killed whales on the beach showed that larger whales
4 )
could be either darker or lighter than shorter ones of the same sex. In age

class 3 (2 years old), whales are epproximateiy 2/3 the length of a white

o

adult and in age class 4 (3 years old or older), at least 3/4 adult length.
Age class 5 (adults),; consists of fully grown and completely whife

previously - described age classes will be referred to on

2/3

E )

individuals. The
the basis of their size classes: neonates” (1/3 1length), 1/2 length,

length, 3/4 length, and adults“(full length) or whites.

+

Age strueture \ : . )
> The age structure of the 1984 herd was evaluated using two sampling
techniques, based on age (size) classification of-individuals using a rapid

4

scan sampling tecH%i?ue (sample size = 33,027), or on a group focal sampling

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

two estimates of age structures (Chi square = 2.7335 P>0.10). From
of

these

the scan sampling and the focal sampling respectively, 19.207 and 19.117%
-the herd was composed of neonates, 15.39% and 15.897 were 1/2 length calves,

11.37% and 11.69%7 were 2/3 length whales, 12.73Z and 13.73% were 3/4 length

kS
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whales, "and 41.31% and 39.587 were white individuals.

-

Overall, th& age structure of the 'éluéa herd. was o?ﬁerved to be rel-

atively stable.” No' great variations were observed in age structure over’
- n td -
time periods or between dlfferent sections| of the estuary. However, some
minor differences were noticed. \
n tice . \\ -

To compare between years, age clas es 2/3 and 3/4 were combined" for
1984 as they were in 1983 (Table 2). The variation between years was .found
to ‘ﬂt significant at the 0.05 level of s'gnificanée, but not ag the-0.0i
level. None of.the ce%ls shoéed sigdzfican variations at either 1eve'31fﬁq
The age structure variation between the- different quadrats‘ of the
estu;ry was found tb be s1gn1f1cant (Table|3). The age class that contrib-
uted the most to thp total variation was the 3/4 length whales. These were
concentrated in the middle quadrats (2 and 3). The whales fromlkbé white
) aée class were ofte@ found at the ;ea“end of the estuary, in quadrat 4.
‘ Whales of the 2/3 length class were less numerous in the outer quadrat (4),
and mostl& located inxghe higher quadrat (quadr;t 2). Neonates and 1/2

'

lquths/gg;e more uniformly distributed in the different quadrats.

¢

The age structure was also found to{z:ry significantly with the sea-

. son (Table 439. The age class that contributed the most to the' total vﬁ}ia—

tion was, by far, the 2/3 length. The abundan® of this age class was seen
9 o

to sharply decrease after the first quarter of the season, and increase only

3 L
‘ during the 1last quarter. The number of neonates were slightly below the

~

el

T?;ggctedﬁva%ue during the first quarter of the season, but their levels
. reached the .expected values for the rest of the season. - Whales of the I/i-

Lengths class were also slightly below the expected level at first, b;t
B remained stable for the rest of thé season.

LR
X v
The age composition of the first groups of whales to reoccupy the

&
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' the neonates and the 1/2 lengths. §

. .
! /
i

]
2 ‘

estuary after a disturbance; which forced their evacuation from the estuary,
was also found to be 31gn1flcantly different from the age, compos1t10n of
whales arriving later (Table 5). The classes which var1ed the most were the
2/3 lengths, ths whiq§s, and tq a 1es§er extent, tge 3/4 lengths. Whales of
the 2/3 and 3/4 length classes were siightlyobelow their expectéd values
when first returning to the estuary, while the white individuals were above

t/.' ~ ~
their expected values for this same period. The most stable classes were

.
A 1
., .
- - *
t

.5ex ratio .

The sex ratio of adults (white beluéas) was calculated from data

obtained in focal 'samﬁleg. It§}md the most detailed 1nformat10n on the

4

gssociations between females and calves and on groups of adults without

o . L
calves. ~Two assumptions based on information from previous biological

. studies were made : the first one was that gestation lasts more than one

4

year . (Sergeant, 1973), theref?re, neonates and 1/2 length calves must have

one mother present in-the Nastapoka herd;. second, since lactation 1is known

I3

3 years old) was assumed to be female. ~*

‘ The‘percéﬁtage of adult females present in the Nastgpoka‘estuary' was
w rd

indirectly calculated by summing the percentages of neonates, 1/2's and whi-

’
4

tes agcompanied by 2/3. length calves:’ } i

\\53.112 neonates . B .
+ 15.89%7 1/2 lengths ., o
+ 0.257 white accompanieg by 2/3 length calves .

- -y e T ma e W e e Om 4> A e e - S e

= 35,25% sexually mature females.

€

)

to last sometimes up to 2 years, an adult seen with a 2/3 length calf (2 or -

©
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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 percentage of
. o, “

$

white adult females only:
\ | <

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

. et e . e " R o s o M e e Y R b O dm e M e e R e e e e an e

= 32.167 white adult females.. _
Lo
I's

Subtracting from the total percentage of whites the percentage ° of

w

white females, we obtained the percentage(of white méles:.

n

39.587 whites
- 32.16% white females

- an - . o e .

= 7.427 white males. ..

“ -
The white ma%e to female sex ratio is estimated to be 1:4.33. Thus, if"

females snot accqppanied by calves are present in the herd, the above sex
S .

8

ratio would be skewed even more in favor of females.

Occupation of the estua®y by known individuals

» .

Identification through scars and natural marks
| Individual idenéification is especially difficult in belugas. Adult
belugas- of both sexes are of a uniform Yhite cg;pr. Juveniles and sub-
adglts may have individually recogniéable coloration paéterns but these are

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

site fidelity of belugas occupying the Nastapoka herd was tested using indi-

/({ ’ 4
o

A small proportion of neonates and 1/2 lengths, closély accompanied
- ‘ / “u

3"
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vidual”’identification through scars and natural markings located on their
® < T ’

’ backs and heads. Most of these scars appeared to be old gun-shot"wougds;

Other gcars. such as raking marks, could have been teeth marks'inflict%g by

conspecifics or poséibly from predators such as polar bears (Ursus mériti-
A .

Qgé) Smith 11985). Only the scars located on the' left ‘side of the whales

were donsidered because it was the side which was @ost often seen from the

!
tower| as the whales swam upstream. Some scars were very conspicuous and
¥ ’

distinctive which made the identification of some’ whales relatively easy

(Fig 6). Other scars were smaller and less conspicuous angﬁcould only be

%

recognized when the whales were close to the towei;f

Calendar of estuary ‘occupation

In 1983, 18 whgles were identified among which 14 were seen on two or

‘more days during the same season. O0Of these 14 whales, at least eight were

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

N

: 4]
* 3/4 1engthi, were identified. These whales were seen on a regular basis

from early July to late August at the epd of the study (Table 6). The same

-

7ﬂgntifieq whales were seen before and after hunts and disturbances and some

vere often among the first whales to reoccugy the estuary indicating strong/’

ite tenacity. A list of all identifications is given in Appendix no. 2.

D

< 4

Average daily presence

The average proportion of daily presence of identified whal?s was .
} ,

. - .
calculated from the identification data of 1984.- A minimum average daily
presence of 307 was estimated for 24 of the most conspicyously marked indi-
viduals: This was calculated by dividing the number of “days in which an

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

-

e
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observation days in which there were at least 70% of the maximum number of

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

is "the average-proportion of days in which an identified whalé was sighted

when there were qnough whales in the estuaiy’to expect to sight an individ-

v

ual. This wa;,.the rate is adjusted to compensate for days in which there
were too few.whales inlﬁbe estuary. Only thé _most \conspicuously scarred
individuals were used to calculafé thg average daily presence in order go
compensate for ease of sight. The average daily presence is considLred to
be an underestimate because of the inherent difficulties of %Fcognizing

individuals. &

Impact of human digturbances .o . 4

g J
Behavioral responses

~ The Nastapoka estuary is well known émong _native ‘ccmmunities a
good whale hunting area, and is hunt&d regularly by hunters of KuujjuarapNk,
Inukjuak, and Umiujak ﬁsee {ig. 1). Shores of the estuary are also used as
a camping sites fpr other game hunters travelling in the area. The fost evi-
dent behévioral reaction of whales to motor noise (usually hunteﬁs) was to
quickly. abandon _Pﬁe*eﬁtuary.’_Mogt animals would immediately head offshore
when app?oaching speed boats were present outside the limits of quadrat/ 5.
Whales which were i}tuated inkthe upper qu%dratéL(l or 2) would continue to
swim upstream in a regular motion and would only reacts to approaching' boats
when ‘thesé Wereﬂgiosér, such as in‘outer quadrat 4. When individually pur-
sued, some whales would leap out of‘the water. When the whales were being

cut off by speed boats, some whales wquld 1ift their heads out of the water

for a brief moment before resum%pg their flight.l

3

o~

.
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Other whales used different .escape strategies which usually consisted

l s

of remaining motionless close to the shores or swimming far pf»stream’, almoét

o
[

to the Nastapoka Falls. One exceptional incident accurred during a hunt in
1984. An adult accompanied by a neonate and an older juvenile (2/3 lengthj
F - . )
was being pursued into a small adjacent bay and was repeatedly fired upon.
. . - 9

The animals eventu®lly svwam out Beyond the bgat, toward the open water. The’
v

adult then did-a tail stand rising out of (the: water up to its pectorals and -
. , . .

faced the boat at a distance of *some: 20 meters. It was, then .shot‘/ ‘In)the

nedk and killed. : o ' .

. \ . '
Air traffic did not appear to cause any change in swimming direction
. - | R o
of the whales except when float-planes landed or teok-off close ta the

whales. .In those caées, the whales I_Jegan to swim downégream. -

N » . L S ‘ R
X . ~ Noise from motor boats located apwmimately° 1 km. or more butside
- ! e
. £
> the estuary only caused the whales to recede into the downstréam portion of
¢ the estua/ry whereas potor traffic in the estuaryf (qimdrats 1-4) and each
? ’ o
hunt caused the whales to comp \etemert the atea. On & few occasions,
‘however, the whales were seen to depart on their own when there was no
apparent disturbance. | i . ' o //\
?@ On at least one occasion, the whales.were observed {o depart fiom the

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

4
ing cloke to t& sandy north shore of quadrat 2. On one occasiony a bullet’

hitting the water surface in quadrat 2 also appeared to be the ‘cause of a

masis exodus from the%ipper quaéirats. ’ -
. ) d }\ *

’

-

Racovery Time

. Y . ’
‘ The time required for whales to reoccupy the estuar% after hunts and

» motor traffic disturbances is lisfed in Tab{)es 10 and 11 réspectively. The

’ “ -~
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. . T ‘ . \ -
total recovery time was defined ai/gbg.time it took for at least 70% of pre-

- disturbance number of whales to return to the estuary after a disturbance.

The partial recovery “time was defined as the time it took for the first

~

. 7 -
whale to return. There wgre no significant differences between hunting and

\ . o . '
« ‘motor traffic partial re;overy times (Mann-Whitney U=25.5, P>0.10)., There

[~

_ was, however, a significant difference between hunting and motor traffic
¥ o ‘

. total recovery times (Mann-Whitney U=13.0, P=0.0158). Regardless of the
type of disturbance, it tdbk the same amount of time for the first whale to

reappear in the q;&pary.'¢lt %gok longer, however, for whales to return to

3

their pre-disturbance numbers ‘(total recovery) after a hunt (approximately

\ N T

ZO hours) than after a motor traffic disturbance aloné (24 hours on aver-
. . .

. —

age). ., : to. ' -

i The return of individually identified whales to the ,estuary, as
opposed to the return of any whales, after disturbances varied Qreatly,

(Tables 8 and 9). Recovery periods for‘whale no. 1 ranged between 33 hours

r» -

@ [ -
* and 165 hQurs (almost 7 days) and for whale .no. 3, between 104 hours and 372
hours (15.5 days). TFor the 18 re-identifications following disturbances,

the average reEgvery period was 185 hours or 7.7 days. -
i ; .

: ‘ ] N
Q’ ) . \ d" . "({
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Ethogram

The ethogram presented here cont#ins all the action patterns observed

%

i
in the belugas occup¥ing the Nastapoka River esggary. An action pattern is

¢

defined as a tecogrnizable, reappearing posture or pattern of movement (Pack-

A%

ard and Ribic 1982). As stated in the Materials and Methods section, only

~

the action patterns visible above the surface of the water were considered.
- &

* Pyevious studies looking at the biqlogy of white whales reported
incidentally oﬂ'their behavior during migration and occupation of estuaries
(Kleinenberg e? al. 1964; Yablokov et al. 1974; Fraker %t al. 1979; Breton-
Provencher 1980; Finley et al. 1982; Sjare and Smith 1986). Behavior
reported for captive Belugasq(pefran and Pryor 1980) was found, in this

study, to undereprpsent the behavioral repertoire of the species. This

o

behavioral repertoire, called™an ethogram, was constructed to enable compar-

isons Dbetween belugas and other odontocetes, and eventually between differ-

»

ent stoéks or populations of belugas. - .

Id 4 v t

The major portion of the ethogram of belugas was constructed in the

1983 season. A %g% additional action patterns were incorporated into the

nag

ethogram dur;n} the 1984 season, as they became visible (Table 10). Some of

the action patterns are illustrated by line drawings trig. 7).

©
4

The action patterns were divided into five main activity classes:

@ o

swimming, display swimming, aerial, interactive, and epimeletic. The names,
chosen for the action patterns are as consistent as possible with those
reported for other cetaceanfstudies. Complete referencés to action patterﬁs

and their -‘possible function are reported for® many odontocete species in

o

Q
Appendix no. 1,

- ~

>
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The period of estuarine ogcupation represents only a portion of the

e
'

o

annual cycle of belugas, therefore the present eth:)gram can only \be a par-
tial deseription of the ‘total—behavioral repertoire. It must also be
s?tressed that t\>e1ugas seen atgthe N;stapoka estuary are part of a population
that has beep e)?tens‘ively’h\mted in the past and still is, {though at a much

reduced rate, and caution must be used when behavioral comparisons with

undisturbed populations of belugas are made.
-

Swimming actjvity class
Belugas . show several types of swimming patterns. The ordinary swim-
\

¥

ming was recognized when there was a gentle breaking of the water surface
»

when whales came  up to breathe, follot_«ed by a slight bend in theirabacks

when continuing thgir forward swimming motion. It was the most common mode

, of 1ocomo!:ion observed and was not associated with any particular event or

t

context. All age classes, except neonates, performed the ordinary swimming
in a similar fashion. Upon surfacing for air, neonates jumped ﬁigher than

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

¥

the back, observed in older whales, was not seen in neonates.
. B ° '
-Descriptions of ordinary swimming available in the literature often

came from studies conducted in aquaria using underwater viewing equipment

(refer to Appendix no. 1). These report detailed 'and subtle movements of
‘ B ‘ . 4
the flukes in addition to the obvious up and down pumping action of the tail
which could not be discerned in belugas of this study.

A beluga was considered to be skg.ﬁnning vhen it was swimming over a

‘short .distance with the head out of the water up to at least the 1level of

the eye. Skimming in belugas cogldinot be ajsociated with any specific con-

text. ‘ The action pattern in which a whale brief‘ly exposed only its bloyhdle

.
. -
‘ ' -
a
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‘or sometimes its head (up to eye level) when surfacing to breathe was called -

the head up. This action pattern was most often seen in slow moving‘beiﬁ-
L -

gas. — .

Sounding or vertical diving was recognized in belugas by an unusually
sharp bending of the tail immediately prior to a dive. -On relatively few

. s — S S
occasiong the tail flukes were raised completely out of the water resulting
Fi

in the tail up action pattern. Sounding in belugas did not appear to be

associated with any alarm or speciad situations. Sounding is a whaler's

o

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

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

appears tb be essentially the sahe as reported for other species. ' j

Leaping = in belugas was' recognized when a whale-projected itself out

Pl

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

tial thrust and re-entered the ﬁatgr head first. Adult belugas did not:usu-
ally clear the water when leaping.  Juveniles more often displayed ' this
‘action pattern by clearing the surface of “the water. It appeared to be an

. ‘\%'a_‘/ ’
escape reaction immediately following a group disfhption. L is

3 -
described by many authors as a jump over the water with a head fidgt re-

entry. Leaping has been seen in dall porpoises, Phocoenoides dalli (Moxe-
- a

john 1979), and in killer whaleg, Orcinus orca (Martinez aq@ Klinghammer
1978). Leaps can be performed singly or several times in rapid succession.

Single leaps were the general rule: in belugas in this study.® Leaps‘have
. \ ~
been observed in fast moving groups of ‘dolphins ?Leatherwood and Walker
‘J’ N

1979), and when riding the bow of ships (Morejoht 1979). In alarm situa-

tions, 1eaping has the advantage of lessening the drag'of fleeing dolphins

é

(Hester et al. 1963).

- L3
™ ¢
v
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Display swimming activity class
4

The side and b_Jk swimming action patterns were put in a separate

activity class begause they differed from the usual upright swimming pat-

1 EIRN !

terns. The term display swimming does not confer a function to the acti?n
patterns belonging to this activity class.

Belugas were qften seen swimming on their side. Side swimming with
\

' the pQ%toral flipper emerging dccurred mostly during social interactions.
On rare occasions, female belggas were seen nursing neonates while on their

side. Females of several species also adopt a side position to help their

(v s

nu;sing’ newborns, but older calves Ssually 7ust reach the teats by diving
beneath ®he females (McBride and Kritzler 1951/ Tavolga ,1966). (L

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

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

‘

somes occasions one animal would turn onto its side beside another one swim-

ming 1in a regular -(ordinary) posiﬁion. This"gequence of cevents would often

provoke tail siﬁps. In some species, sidé swimming has been associated with
play behévior (Townsend 1914; Tayler and Saayman 1972). Iy others, it is
apparently part of sexual behavior or agonistic behavior ,(Morejohn 1979;
Hamilton 1944; Yablokov et al. 1974). It was found tpab side /[swimming was

i

the normal way to swim for some bottlenose dolphins, Tursiog:\\fruncatug,

that usually live in muddy waters (Leatherwood 1975). -

(=Y

Belugas wéie often seen swimming on their backs during social inter-

]

actions,‘gspecially in large white or large 3/4 length whales that were in

rosette formations (see below). Presumed females accompanied by calves were

.

also seen swimming on their backs just below the surface of the water, some-

[

times waving their tails from side to side forming an undulating lateral "S"
( .

~

“Shape. The back swimming action pattern has been reported to be part of
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locomotor play, high‘ﬁgeed chases, sexual encounters, and social interac-
*

tions in other dolphi% species (Layne and Caldwgll 1964; Tayler and Saayman .

1972; Saayman et al. 1973; Wursig and Wursig 1979; Nor;is and Dohl 1980;
Pilleri ;t.al 1980). It has also been seen to be.a common mode of séimming
for feeding dolphins. Apbatently this position, as well as ‘the side posi-
tion, improves the animals echolécation signals (Leatherwood 1975). Some

authors also mention an evzdent lateral action of the tail “Yuring back swim-

ming (Layne and Caldwell 1964).

3

JAerial actiyity classu

- Breaching, aerial spin, spy hop; tail sgfnd, pitch polling and tail
wave were grogped into the aerial activity class/be;ause they appeared to
involve some form of aerial visual display or communication. The breaching
and the aerial spin action patterns were not @ dominant component‘ of the
behavioral repertoire of belugas. They were performed singly, most often in
périods %hen groups were‘%isrupted. These aerial action patternéngeemed to
cause additional commgtion in the herd. When breaching, a whjile emerged
from the water at an angle close to the vertical and fell onto its side,

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

considerable fdrward speed at an angle close to:the horizontal performing an

airborne spin‘or longitudina} rotation before falling back in the waier.

There are several variations of the breaching pattern reported in(;he

odontocete literature (Caldwell et al. 1966; Martinez and Klinghammer 1978;
e . .

Ford and Ford 1981). In all the descriptions, the first component, which

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

t(ons come from the manner infwhich whales fall back onto the water surface.

}

Some dolphins show greater acrobatic abilities. The Hawaiian spinner ébl- .

1 5 1 ' |

L+
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phin, Stenella longirostris, (Morris and Dohl 1980b) can make several 1ongi-

” E
tudinal revolutions before hitting the water surface. Other species of dol-
phins can also do what authors call spiral leaps or .noisy leaps- which
require some kind of airborne twisting (Pilleri and Knuckey 1968; Wursig and

Wursig 1979; Saayman and Tayler 1979). Larger §pecies of odontocetes such

as the killer whale, Orcinus orca (Martinez and Klinghammer 1978; Ford and

Ford 1981), and the narwhal, Manodon monoceros (Silverman 1979), usually
show a lesser degree of aerial hgility. Some authors think that. these move-

ments play a role in communication between individuals (Norris and Dohl

°

1980a).

N

-

"Visual inspection of aerial surroundings appeared to be the function
of at least three aerial action patterns seen in belugat. These 1involved

spaﬁionary vertical positions with at least the head of the whale above the

[

water surface. They were termed the spy hop, the tail stand»%nd pitch. pol-

ling. In belugas, the spy hop involved a single small up and down movement

of a whale above the water sﬁrface exposing the head and sometimes the pec-

- b

toral insértions. The pitch polling pattern odcyrred,when a whale would .
turn along its longitudinal axis while remaining in the vertical position
with the head out of the water. When a whale exposed its body to at least
tﬁ; flippers :nd rétained this position for a few secondé\J}t was called a
tail stand. 'This last pattern was extremely rare.

&
Spy hops and head up positions have been described and reported for

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

i

polling wa irst described for sperm whales and in pilot whales, Globiceph-

. . Y
aldwell et al. 1966), and in captive killer whales (Martinez

and Klinghammer 1978).

The tail. wave action pattern was recognized in pelugas as a lateral

[

v
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motion of the tail 'above the surface of the water. No function or context

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

the tail up action pattern, described in the swimming activity class, occur-
l suage _

o

ring immediately prior to a vertical.

Q.

Interactive activity class
All the action patterns belo;nging to this group were performed in.

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

5

Al

another individual. Some acti

3

patterns involved hitting the water surface

with the head, flipp@ s, Aor flukes. These were witnessed during social

interactions and some, like the tail slaps, seemed to be aimed at other

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

“* 4
cession by the same individual whereas tail slaps 'and head slaps were usu-

ally performed singly. x . 5

-

Striking the water surface using the tail and fluk‘es, called lobtail-

L}

ing, was fi;st’: described for sperm whales (Caldwell et al 1966). It was
later seen 1in other species of wl}ales and dolphins and could be a single
event or a repeated‘motion (Norris and P?:escot;: 1961; Yablokov et al 1’974).
It has been reported in feeding situations as a way to herd fish, during
play, in initiation of social" interactions, and in agonistic encounters
‘prior to a chase (Caldwell et al 1966; Norris and Prescott 1961 Saa"yma:n et
1 1973; Yablokov et al 1974; Saayman and Tayler- 1979). Tail slapsh were
+ also directed at conspecificsrduring mock-battles or sexual encounters as a

~

<
defense mechanism (Saayman et al 1973; Yablokov et al 1974).
4

Head slaps and flipper slaps were performed singly or in rapid suc-
cession in Dbelugas, as in other species (Tayler and Saayman 1972; Martinez

and Klinghammer 1978; Silverman 1979). Head bobs are thought to. occur in

'
a
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aggressive situations (Ford and Ford 1981).
" In a rosette formation, the belugas are typically at the surface of

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

in a display, or actually trying to bite or butt one another. The rosette:-
<

typi;9lly occurred in groups of large whites and 3/4 length wha1§§wand was
not considered to be a true action pattern but rather a consequence o% sev-
eral whales facing one another.

- The formation resembling a rosétte was first reporged for sperg
whales during a whale fisheries operatiog, and was thought to be a manifes-
tation of care giving or epimeletic behavior. As one whale was shot, '"all
éhe indfﬁiduals of the herd (20-36 whales) made a circle like a marguerite
flower cente ing around the $5unded animal" (Nishiw;ki 1962). There are
numerous other reports of epimeletic or car; giving behavior directed toward
conspecifics and sometimes toward other species or even inanimate objects
(Caldwell and Caidwell 1972; Yablokov et al. 1974 for ; review). In belugas
of this study, however;’the rosette fotmatioq did not appear to be an epime-
letic behavior because it was mostly associatedd\with rather aggressive
interactive action patterns.

. The interactive action patterns that seemed to be mqst\energetic in
belugas, such as chasing, rolling and tumbling, were performed in groups of
adults or jﬁvenilés in what appeared to be aggressive or play situations.
Chasing coulq follow or precede rollin%/aﬁd tumbling. The pursued individu-
als "were sometimes accompazisgvby caive$ and they were often seen to leap.
Most of the rolling was done when several belugas were participating in the
event. Rolling without tumbling was often seen in whale; accompanied by

calves but this action pattern could not be associated with any function,

Rolling over in the water several times in a row by a single animal

-~

v
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is reported for séveral dolphin species (McBride and Hebb 1948; P;izzri et

a play

-

¢
al. 1980). The tumbling action patterndgpas~beeh classified

behavior for bottlenose dolphins (Townsend 1914). Chasing is widely

reported for dolphin in captivity, and in free-‘ranging species (Saayman et “
al 1973; Silverman 1979). It has also been associated with courtship and

feeding sessions (Saayman et al 1973).

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

aggressive action pattern., Ramming eccurs in attack situations in sperm

¥

. .
whales (Caldwell et al 1966). During increased sexual activity, fighting //
. . /

' seems more often to involve hitting with snout and tail (McBride and( Hebt'

1948).

-

Sexual behavior in belugas c?uld only be identified in/yé;y few
instances. Erections weré seen preceding the disruption of a group and were
accompaniéd by much tumbling and chasing by large grey individuals (3/4
length). Inladdition to thg normal male-fegalé sexual activities, numerous
cases‘ of male-male, mogher-young_and interspecif}c sexual activities have
been reported in the dolphin f;terature, mostly from captive situations

(McBride and Hebb 1948; Tavolgd and Essapiaﬂ 1957; Caldwell and Caldwell

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

Epimeletic activity class

The term epimeletic or care giving behavior, first used by Caldwell
and Caldwell (1966), was assigned, in belu;a » to the action patterns in
which care or help was received, such as ig,piding and suckling. | -

Riding neonates were often seen swimming above an adult and, as the

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

time., Neonates were also seen just crossigg over the back of adults as

4%
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these were surfacing. Larger calves were rarely seen riding on other
whales, but it happened on occasion. The cross-back action patgern Qas
recorded separately from the riding action pattern, like the latter, the—
c;oss—baci appeared to give the calves a eéﬁlaiﬁ amount of upward 1ift and
help the neonates as the groups swam upstream against the current of the
Nastapoka River. ‘e . . ,
Tomilin (1967) reports that some authors have seen female belugas
carrying their young on ipeir back. He maintains that it is ippossible to
explain how the calf could hold to the slippery back of thef adult, or why )
such behavior should be necessary when the calf can swim wery well on its
own. . Others authors (see Tomilin 1967 for a revie&ﬁ deny the occurrence of

such behavior and explain the reports to be an optical illusion created by

the coordinated movements of the calf and the cow when they break the sur-

.

)
face as they are qbgerved in lateral view. iﬂ

Neonate belugas had to surface to breathe more often than did adults.
It 'is possible that the strong current existing in the Nastapoka estuary
promoted the riding respohse in neonates. Observations from an elevated

vantagg point, such as in this study, reduced possible optical illusions

caused by lateral viewing.

~

The finless porpoise, Neophocaena asiaeorientalis, is known to carry
its young on it; back, even at considerable speed. The yart-l%k? excres-
cences bresent on.the back ‘of the édult presumably prevgg%s the young from
sliding off the adult (Pilleri and Peixun 19?9). Oéhér dbservations o
free-ranging dolphins moving with dead young or objects at the surface or
upderQater show that they couid‘ ea;ily carry their y0uné (Hubbs 1953;
‘MﬁcBride and Kritzler 1951; Smith and Sleno 1986).

The hydrodynamic sﬁépe of the body of a porpoise is very efficient.
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Under certain circumstances, rélatively small force is needed to ~assist
their locomotion (Kelly 1959 in: @ﬁgfis_an Prescoft 1961). A form of ass-

isted locomotion, termed echelon-formation\ otcuys when a smaller animal

places ifself alongdide an adult. This r a_ig?ship was seen in mother-

young pairs of pacific striped porpoises, LagenorhyﬂEhus obliquidens (Norris

€ . »

and‘Pre§cott 1961).
Suckling bouts in belugas were presumed to, occutr when a calf was seen
repeatedly diving close to the genital region of the accompanying adult for

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

surface. In a description of a suékling bout in a young fre&—ranging sperm

whale, it 1s reported that the calf lies parallei to the parent with thHe ’
head in the same direction holding the teat sideways in the angle of the jaw
with its snout pgotruding from the surface (Caldwell et al. 1966). In cap-
tive bottlenose dolphins: Tursiops truncatus, the infante¢may suckle several

g

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

two wééks, the female rolls to her side to ﬂelp the infant locate its source
of food; but the young must roll from then on (McBride and.kritzlér 1951;
Tavolga and Essapi;n 1957). Suckling in a ‘captive newborn beluga was
obseryed at the VancouQer Aquarium (Hewlett '1978). The female would slow
down and stop pumping her tail,-holding it slightly elévated, then the calf
would roll to one ’éide, grasp the“nipple and start nursing. It occurred
sporadically at first,‘then a regular pattern of one feeding every 45 min-

utes to one hour was established.
’ N




Factors influencing the activity budget of belugas ’ .

Total activity bu\get

. The overali\aﬁfivity budget o% the belugas of the Nastéggké\“estuary
(Table 11) represen£s the frequency of occurrence of all the acfion patterns
observed during the‘léS& season. The buﬂget was strongly dominated by‘ the
ordinary swimming action pattern, it represented close to 907 of all action
patterns observed in the estdary. >

The swim (or s&imm}ng) activity class, excluding the ordinary~ swim-

ming action pattern, was the prevalent activity class. It representéﬂ 4.317%
of the total activity budget, with the head up greatly exceeding all éther
swimming patferns. The interaé;ive class was the second m?st abundant acti-
;ity class with‘; proportion ofiZ.SZZ of the total budget, and was dominated -
by the tail slap. .The swim (or swimming) display class, representing 2:292

of the total budget, was dominated by the side swimming pattern which
< - ’

]

accounted for K 96Z of that activity class. The epimeléi§c and theqéerial
activity classes were the least confhon and accounted for 0.647% and 0.457%
respectively of the total budget. Rjding was the most common epimeletic

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

. N
tail waving were thqﬂaction patterns most often observed.

<

9 . ‘. . . Q /
Relative influence of environmental factors

-

- * >
It was h;bqthesiZed that the activity budget of the belugas could be

’ o

influenced by eg:rinsic and/or intrinsic factors. To investigate this
0 . topic, the behavioral data taken concurrently with environmehtal variables
"

were analyzed usjng a multiple linear regression. As mentioned earlier, the

probability levels calculated by tHe statistical methods are indicative of
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,‘ " , . . > e
‘the relative importance of each factor to the model being investigated.

The ordinary swimming action patten was thought to repfesqnt Pnly a
combinatién of swimming and breathing m;tions, thus not conveying interpre£-
able information to fﬁe observer other than a normal or regular state of ‘
activity of swimming whales. Othgr action.patterns, however, apbeared to
serve some fggctions even if these functions could not be fully~9hderstood
in the course of this study. Therefore a ratio (R) of the number of promi-
nent action patterns (PAP, which are all those listed in Table 11 except
ordinar& swimming) to the to'?! number offaction=patterns (TBEH, including
the ordinary sw;mming action pattern) was chosén as the dependant va;iable
oé which environmental factors, the independent vafiables;‘ wexe regressed.

The dependant behavior variable exﬁressed as a ratio, and ndf as a pure

frequency; had the é&vantage of being a measure adjusted for herds of any

size.

[

! 2

For the general multiple linear regression, the quadrat d}vision was

not considered and the age structure of theé Nastapoka herd was assumed to be
stable, .thus excludihg‘the age and quad%§t variables in the equation, The

inverse sipe transformation wgs applied on the ‘'square root of the ratio of

M ’

PAP, a ratio 'transfqrmgtion suggeSted by Steel and Torie (1980) when the

denominators are unequal and when the percentages range betwéen 0 and 207.
. 3

Environmental factors that were not normally distributed-.were alsa;trans-
formed. The following equation is the general multiple linear regression

equation showing the transformatioms: - ‘ .

-

ARCSIN R1/2 = TM + TIDE + WS + WC + WTl/2 + SIN(WDIR) + WSP

»

* .+ TBEHY/2 4 c1 + MEDY/2 4+ oBS + HTL/2 4+ ETL/2

‘
where "R = ¥atio of PAP, T™M = time”of day, TIDE = tidal height, WS =




. = 9,38, p = 0.0001).

water surface 'condition, WC = water clarit&, WT = river water temperatura,

-

TBEH = total number of action patterns countéd in a particular observation

v

session (including the ordlnary swimming action pattern) CI = Count index,

MED = median estuary positlon of the herd, OBS = observation number, HT' =

v

time elapsed after a hunt and, ET = time spent in estuary. The residuals of

this equation were plotted and their distribution was found to be reaSonably

normal. The combination’of all the environmental factors explained 43.677%

of the total variation in behavior of the belugas dbserved in the estuary (F
. , .
I

A stepwése technique was then applied‘to the ge:;;al regression equa-

tion in order to obtain-a model containing only the factors_ significant at
t ’ .

the 0.05 level {Table 12). Seven factors were thus entered into the model
explaining 37.167 of the total behavioral variation. Included in ‘order of

importance, these factors' were: the total number of whales present in the

3

herd (TBEH1/2), the water clarity (Wwc), the tim Pent in the estu-

"ary(ETl/Z), the median position of the herd (MEDI/Z) the count index, (CI),

\

the wind speed (WSP), and the tlmf of day (™).

*

*  The total number of whales| in the estuary- (TBEH) expla;ned 22.73% of
4

the total behavioral variation. | As the total number oﬁfwhales increased in

the estuary, the ratio of prominent action patterns (PAP) decreased.? As the

~

water clarity (WC) increased, the ratio of PAP decreased. As the time spén;»

-~

in the estuary (ET) increased, the ratio of PAP also decreased. ° As the

* median- of the herd distribution (MBD) approached the downstream  portion of

"the estuary, more of the PAP were displayed. The céunt in&ex (CI), which.

‘was a subjective measurement of the quality of the observations, also-seemed
to have a small effect on the PAP codgzi In counts judged as good py the

4
observer, a higher proportion of PAP displayed by the belugas was reigrded.
- - Q‘.v‘
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Wind speed also increased the proportioh of PAP. Finally, a slight decrgase
in the display’of PAP oc?urred as the %ﬁye of day passed. h
// ~
Activity classes differentially influenced by environmental factors R
After determining tha£‘sbme environmental factors ﬁgd an effect on
qﬁé\ﬁatal proportion of PAP displayed by the belugas, it was further hypoth-
es;;ga\ﬁhat classes of action patterns could be differentially influenced by

the same or other environmental factors. A canonical discriminant analysis

was used to verify if a combination of physical, temporal, biological, and

- ~ [

densify factors measured during the scan sampling sessions could effectively
separate the b%havioral activity classes from each other" In the discrimi-
nant analysis, the quadrat and age variables were included.

The data were first tested using the +aultivariate Wilks' Lambda test
(Wilks 1932 in: Legendre et Legendre 1984) in order fo see if some discrimi-
nation between the 5 activity,classes could be achieved. It indicated that
theré were some differencesngetggen the position of t e//égntroids 0 the
activity classes (f = 15.98, ?xﬁﬂifiss then 0. /" The centroids are the
mean coordinates of the disfribution of each activity class along the di;-
%Fiminant axes. The position or coordinates of the. activity éiass centroids
are represented in a three dimensional graph (Fig. 8). Each dimension cor-
responds to one of the discriminant functions or canenical axes.

Generalized distances (Mahalanobis: in Legendre et Legendre 1984)

hY -

between&ii:‘jentroids of the classes and their associated probabilities,

(Table I3) indicate that the swim and aerial activity class were very close
: sy

together, as were the display swim and the aerial activity class. It showed

»

that there was more distance were between the swim and display swim class

. . \
/j&\ dentroids. It also showed that the interactive and epimeletic activity

’

® N

[}
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classes were the farthest from each other and from the other activity class.

The canonical coefficients for each ;iscriminant function are 1listed
in Table 14. Three linear combinations, out of a possible four, were found
to be important. Most of the di;cr;;ination between the activity classes
occurred along the first canonical axis. It showed that age, having the
highest value (positive or negative) of coefficient, wagefhe most impdrtant
discriminating factor of the entire anilysis. Quadrat and time elapsed
after a hunt also had soﬁé degree of discriminating power. Along the first
canonical axis, the ' epimeletic activity class was—¥solated from the other
clagses. The second canonical axis permitted further discrimination between
the interactive and swim activity classes. It showed that three factors

shared most of the discriminating power; water clarity, quadrat and time

elapsed after a hunt.” Finally, the third canonical axis separated the dis-

) play swim activity class from the other classes. It had the least overall

" discriminating power, and it separatsd the displai swim class from the

~

. .
interactive class. The most important factors in this last linear combina-

tion were the month, the quadrat, the time spent(in the estuary and the tihe

elaps?d since the last hunt. ' . - :

Partial activity budgets

.

Al
Contingency tables of activity classes. were constructed in order to .

\

help interpret the ef%ects of the most influential environmental fact%rs
found.in the above discriminant analysis. The continuous environmental fac-
tors (HT: time elapsed(:?znce a hunt; OBS:_period of the season; ET: time
elapsed since the return of whales in the estuary) were ,separated\'into
blocks of approxima£e1y the same number of action patterns. Discrete fac-
tors (WS: water clati%g; AGE; QD: quadrat) were put directly in' contingency

5
<«
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tables. i .

The activity budget of different age classes showed that as whales

N

increase in age, they d}splayed less of the .ordinary swimming pattern and
more of ail ;ther action patfern§~(Table 15). Action patterns of the epime-
letic activity class involved mostly neonates, while the aerial patterns
wvere displayed mostly by 1/2 length cglves. The display swim patterns were

most often seen in 2/3 length whales, the interactive patterns were dominant

in 3/4 length whales and the adults displayed most of tﬁg swimming action

L4
patterns,

The activity budget in the different quadrats showed that the propor-
’

tion of’all activity classes increased with a downstream position (Table

16). Sounding, an action pattern of the swim activity class, was an.excep—
tion to this, it increased in the upstreaﬁ quadraf/.

As the water beﬁame clearer, the proportion of the interactive and

--/thé aerial activity classes increased while the proportion of the other

classes decfeased. the sharpe;t decline occurring in‘the swim activity class

]

(Table 17). There was -a consistent decrease of aerial activity with the
. . >

‘increase in time elapsed from a hunt (Table 18). Epimeletic, aerial and

interactive ~activity classes decreased as the season progressed 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 the time

1

-

¢

elapsed after a hunt. The proportion of swim and interactive activity °

LY

5
classes also decreased with the time spent in the ‘estuary (Table 20).

-
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Herd structure and social behavior s
~

Structure of groups
. Belugas were often observed to approach the mouth of the estuary in

fairly large groups (50 or more whales). When the whales entered the estu- {
ary, they would disperse into smalleb»ggoups, ra?ging between 2 and 25 indi-
viduals. Lone whales were also present in the estuary herd. Here, groups
are défined as aﬁy number of whales swimming in very CThese proximity to one
another. ',The boundaries of groups weré usually easily digcgrnable because
whales did not tend to disperse widely from® one another in the estuary,

!
although the groups were smaller they tended to be closely knit _

Two basic types of groups were identified, the mixed age groups (MAG)

and the similar age groups®(SAG). The mixed age groups: weye compgsed mostly
. (./s‘
of females and calves, and the similar age groups weke co

osed of all
adults or all juweniles. Table 21 is an inventq#y of all the members of 272
groups, which comes exclusively from focal sampliﬁg.A The most common groups
observeﬁfin the estuary were the MAGs of 4 or more animals (140 groups).
Groups( of whites and 3/4 lengths were the most numerous and attained the
largest size (12 whales) of all SAGs. Couples and triads (one adult per

< \

group) were the least common groups along with the singletons. The largest

groups were MAGs and the smaller groups were'either MAGs or SAGs. (Fig. 9).

The mean group sizes for MAGs and SAGs were 7.67 and 4.54 respectively.

s -

-

Group Stability
. Focal sampling revealed that groups were not stafle units. MAGs and
<g;;s often joined or brek% away from other groups. In he 45 focal sémpiés

which started jas MAGs sessions (total of ida min.) 16 group changes
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occurred. MAGs joined or split from other MAGs an average of 4.1 times per

[

min.) there were 21 group changes. SAGs joined 'or split up from other SAGs

&

an average of B.14 times per hour. Group changes also occurred between the

two types of groups. MAGs and SAGs joined or split up 47 times during the
‘ v .
total focal sampling period (83 samples, 390 min.) on average 7.23 times per

hour. MAGs mixed with other MAGs significantly less often than SAGs mixed

with other SAGs (XZ= 4.7825, p<0.05) or than SAGs mixed with MAGs (X2=

4.3798, p<0.05). There ‘was, however, no significant difference in group

changes between SAGs and, SAGs and MAGs (X?= 0.2033, p>0.50). In compari-
: !
son, MAGs were more stable than SAGs, and SAGs were involved in most of the

2 .

encounters between.groups.
Membership stability of groups was also vecified using individual
idenﬁificétion. In Appendix 2, every identification is listed‘alohg with
information about the‘group age structure and the presence‘of other identi-
1 fied whales in the same group. Although the closest associations were

3

between a mother and a calf, on some occasions a particular parent was seen

unaccompanied by dts calf, a neonate or a 1/2 length (ID #3, 7-07-84,
14-08-84; ID #10, 1-08-84). Identified whales were seeﬁ in either a SAG or
P MAG. octasions, however, these were séen to change group type. ‘No

—fermanent associations between 2/3 length and older whales were noted.

-

Whales of both group types were seen‘chompapied by different individual

N

whales.

@ Behavioral repertoire of groups

In addition to the differences in size, composition and stability,

the two types of groups also displayed different behavioral repertoires

. . 4
hour. In the 37 focal sampTing sessions which started as SAGs (total of 156
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ble 22). Encounters between MAGs and SAGs are also represented in this

14

(T
table “(SAGs + SAGS, MAGs + MAGs, and MAGs + SAGs). Some action patterns

listed in the formal ‘ethogr;m are absent from the list of behaviors seen
d{ring fecal sampling, byt three additional action patterns were recorded:
M ubbles, sti;ring, ana head out. Bubbles were evident as big pockets of air
ising to the surface. Stirring was a rare eveﬂt witnessed in whales that
were ., located close to the toher. Its purpose, or even its occurrence are
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
™

ofobrown reddish water appeared at the surface of the wa%er: Finally, the
head out action pattern was recorded Qhen a whale kept its head out of the
water, without moving foward or down. This 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 (éimilar age groups) displayed 22 of
the 25 action patterns (88.07) observed during the total focal sampling
period (6.5 hrs), while those that started as MAGs (mixed age (groups) only \

displayed 12 (48.0%). During the different group encounters, more different

————

f action patterns were observed when SAGs joYhed other SAGs, than when MAGs

| L & .

/ joined other MAGs (56.0% and 32.bz respectively). Encounters between SAGs
were characterized by more aggressive and dyna@ic action patterns suéh as J/
tumbling, rolling, head bobbing, tail kicking, rosette formations and open
mouths. E;counters beéwaen MAES were overall less energetic and involved
more head up, spy hop, skimming, side and back postures and, as could be

expected, neonate riding and suckling 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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) Lo .
ling were witnessed during these encounters. The MAG + SAGs! total reper-

toire (52.0%) was less than that of SAGs but still more than that of MAGs.

-

¢
. ¥

-

Cluster of action patterns in groups
a 7

- A cluster ’analysis was perforﬁed on the non-parametric (Spearman)
: §

correlation matrix of action patterns and group changes in order to identify,

f ’ { .

close temporal associations between them. Since focal samples were of rela-
tively short duration (average of 5 minutes), temporaf associations signi-

fies those that ;Lcurred in the same focal sample. MAG and SAG focal

@
<

samples were analysed separately (Figs. 10 and 11). ,

In the MAG sampﬂbg, seven major clusters with low or negativg inter-
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 and sounding.
Skimming was closest to bitigg. Joining and splitting from SAGs was accom-
paniéd by rolling chasing and leaping. The largest cluster included the
back swim, héad up, riding, head out, side swim, and suckling, and was char-

. écteristic of encounters involving MAGs only.

In the SAG samples, there were also seven major‘clusters with fela-
tively low and negative inter-cYuster correlations. The 1largest cluster
which includéa splitting from other SAGs contained biting, tumbling, open

‘mouth, head out, b g, rolling, tail wave, tail kick, flipper slap

and sounding. Open mouth and hkad out occurred most often in rosette forma-
+ tions. Two clusters comprised only one action pattern each, bubbles and

Y

[y ~
‘:% head slap. Close couples of action patterns were riding and aerial spin,

?

and chasihg and leaping. Sgi}tting of the original group was closest to

skimming and head up to breathe. -

RV
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Sequence;wof aétion patterns in groups
Correlations beg;een action patterns'do not provide information on
the sequence of these events. TFor this purp$se, transition matrices of pre-
ceding and following action patterns during the MAG and SAG focal samples
(Table 23 and 24) were Zonstructed according to the model given in Lemon and
Chatfield (1973). These éatr;ces were dubjected to chi-square analysis to
reveal possible dependencies ‘between two adjacent acts. Sequehces of evants
in groups should more closely resemble a complex weki:iather than a Eimple
chain of probabie event;.q It was expected that:'a high degree of variability
at each action pattern step existed. N
.
in-the MAG samples, gjght action patterns were”}éund to be dependent
(p<0.05) 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‘patterﬁs were found to be dependent on

El

(p<0.05) the preceding one, and are identified by an asterisk in Table 24,
Two group changes, mixing with SAG; agd‘splitting from MAGs, were dependent
on the preceding action pattern: Overall, more ac%ion patterns in SAGs weare
dependent on the preceding one than wére thé:e in‘MAGs.

The estuary habitat appears to provoke a break-up of larger érod@s
which had travelled together in the openﬂwaters{giﬁ&:ﬂfon Bay. The differ-
ent groups were different in age (size) class composition, size, group sta-
bil?ty, behavioral repertoire, associations between action patterns and
group encounters, and degree of stereotypy of sequences of action patterns.
MAGS were larger, more abundant and showed greater membership stability
(1es? group changes) than SAGs. Their behavipral reperfoire’ én the other

hand was smaller but showed a lesser degree of stereotypy 4in sequences of

events than SAGs.
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DISCUSSION

The exact reasons for the occupation of estuaries by belugas are not
yet defined clearly. Studies still underway indicat; that the answer could
lie in a combination of behﬁvioral and physiological factors (St-Aubin et
the summer are extremely varied in their morphology, water properties-and
level of productivity (Fraker 1980). The only apparent factor common to all

arctic estuaries is the presence of warmer and fresher waters compared to

b

the surrounding seas.

The study site at the Nastapoka estuary allowed long term observa-

tions of belugas at close range because of excellent water clarity and shigh-

4

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?ﬁen each disturbance.

There were some §roblems related to 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 corregpond relatively well to

age classes 1n other studies (Sergeant 1973).. In such an age classifica-
tion, individual variations, birth periodicity and sexual dimorphism are

o

likely to produce some overlapping in older age classes, but for the neo-
nates and 1 year oids, which are easily distinguishable frém tLe others, tgg*
probability of error is minor. ‘ . ' 5

Another problem arose when disturbances occurred too close together
in time, This Qid not~aliow the whalés to fully recover to their pre-
disturbance numbers and must have influenced the analyses.

Numbers of belugas slowly increase at the Nastapoka estuary and

remain at a peak for several weeks during the summer months. The total

. -
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estuarine occupation period is longer at the Nastapoka estuary than in high

arctic estuaries such as the Mackenzie estuary (Fraker et al:
Cunningham Inlet, Somerset Island (T. G. Smith pers. com.) but comparaljle to
estuaries of the western Hudson Bay region (Sergeant, 1973). This probably’

relates to the longef summer period in lower latitudes. ¢

The conc;;)t -of a median position of the herd in the estuary was use-~
ful in assessingl the relative influence of the environmental factors on the
dist#ibution of the whales. Inside the Nastapoka estuary, the distribution
of Dbelugas was most;l.y related to the tidal cycle, with whales advancing m')d
retreating with the flow and ebb of the tide. Larger herds of whales were
seen higher ugstream than smaller ones, indicating that whales generally
preferred to occupy quadrats not too distant from the open ocean. When
;:hese were filled or too crowded, whales had to occupy the quadrats higher
upstream which were farthet from the open waters of the bay. t

' In Flrough seas, such as during periods of choppy water surface ®and
ﬁigh northerly winds, whales tended to occupy the upper portion of Fhe estu-
ary in greater numbers, suggesting that they could also use the estuary as a
shelter. In theses cases, the observations might also have been biased
because of reduced visibility of whale‘;\s in the quadfats 4 and 5 because of
their proximity to the open ocean where waves were highest.

As time went‘ by after the return of the whales.to the estuary follow-
ing a hunt or a disturbance, ihey tended to occupSr the upstream quadrats in
greater nuxnbers‘. It is mepossible to separate the effect of herd size and
pas;gsage of time on the posit':ion of the belugas in the estuary.

Whales/ tended to occupy the upstream quadrats ;n smaller numbers when

the water was turbid. Perhaps this was related to them being reluctant to

stay in a confined environment when their underwater vision was restricted.

/ ) S
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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’

1

~ )

distribution of whales and further investigation is needed to explain this

result.
The count index was an attempﬁ tp measure the variability or repeata-

bility of the same observer. I wapted to find out if the condition of the

observer, such'as fati gnificantly influenced the gésults of the

observations. When the observer felt fatigue, he tended to miss whales

“

w
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 very mingr however.

No significant difference was found between th% age  structures
obtained from the two sampiing techniques, scan and focal.: Therefore, a
smaller sample of age structure wo@ld be suffié%ent to evaluate accurately

v ¢
the average seasonal age structure and could be utilized with some degree of

‘cphfidence in the future. .

As mentioned in ;ﬁe Results, no great variations were obsérved in the
age structure in the beluga he;@ in the Nastapoka estu;;y during the 1984
summer season. ‘The statistically significant variations picked wup by{ithe
anglyses were small and are, in several cases, difficult to expl#%n. Never-
theless, péssible explanations are offered below. ~

The average age structures of 1983 'and 1984 were‘found to be slightly
different, but, no age class by itself was shown to vary significantly
between the two years. The ézébined age' classes of 2/3 1en§t; and 3/4

length whales were'fpund to somewhat lower in 1984. The age’ distribution

of the Nastapoka herd appears, thgs, to be fairly stable over this two year

@

period. ~ . - -

. _
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; The age class composition of the herd ‘was shown .to vary slightly
within the 1&3? season. All ?ge ;lasSes exhibited some va;iations"'The'
largest variation occurred in the 2/3 length class when, between tﬁe dates
of the 17 july and 7 Ahgust, whe?e it decreésed by 50 percent. This

. dramatic decline could befan iAdication that weaning &f éhi; age class gs
océurring during this period. The neonate\\groportion only varied fr&%
17.437% to 20.447 within the same season; 1f the estuary %as used as a cal-
vigg ‘ground, as suggested by Sergeant (1973), -we shouid have eee;/a much
more pronounced seasonal increase. Variations in other age dlasgeé were of

small amplitude and cannot be explained without further 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 all quadrats, indicating uniform utilization of the whole estu-
Lary by pairs of mothers and youﬁg calves (since calves were accompanied by‘
"adults assumed {to be their mothérs).' The 3/4 length whales were mostly

Jlocated in\Fhé’mi le of the estuary and the whites'were mostly located in

the outer portion of the estuary. This tendency for certain age classes to

utilize certain habitats more than others could indicate that, perhaps, the
’ \ .

-

different age classes do not occupy the estuary for. the same reasons, or for
the same purpose. This topic needs further investigation since it relates

directly.to the question of why belugas occupy estuaries id the’ first place. -

A

The age compositién of the whale herd was observed to vary following
the recovery periods, when the whales were gradﬁally re-occupying the estu-

ary. Among the first whales to return to the estuary, there was a predom-

<
¢

inance of white individuals. Whites would then gradually decrease in number

i

and remdain at a number below their expected levels.. This cpulﬁ‘indicater

that adult individuals (white) would only stay in the estuary for relatively

3
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short periods of time. During the first few hours, there was a la;ék of 2/3P

2

and 3/4 ler;gth indjviduals, 'indicati:xg a somewhat lon’g:ér recovery period foro
these age classes. It is pos-sible that these gée classes would only return
to the estuary if yhale_s had already occupied t:.he estuary for some time.
Neo_nates and 1/2‘ length calves were again the most stable age cla‘sses, indi-

cating that these classes, along with their mothers, were the most regular

’

visitors of the estuary. : .
‘ - 8

The average proport;ion of neonates (19.2%) in the Nastapoka herd is
one of the ﬁighest among -those (t‘nat have been published to dat:, for belugas.-
In the literature, percentages of, neonate belugas in estuaries usually
‘ranged between 87 and 147 (Sergeant 1973; Breton-Provencher 1980'; Finley et

al, 1982; Davis.and Finley 1979; Heyland 1974), and exceptionallyeit ranged

2,

between }87. and 23.8% (Norton and Harwood 1985). Several peasons could
explain the high percentage of neonates in"this study. The differences in

age structure could be due to differences in surveying techniques, where the
: ' \

majority of counts from aerial surveys and photos could be biased toward the
more visible white Belugaso.; and miss the smaller darker calves and counts

made from shore observation posts could be biased toward neonates because

they breathe more frequently. —

N

If the Nastapoka beluga herd weré' representative of the eastern Hud-

}

son Bay population, an estimate of the recruitment could bg calculated from
age class proportions. The percentage of neonates (19.2%) divided b’): the
percentage of mature females (35.25%) yield® a ctalf production of 0.54 calf

par year, or one calf per female every two years. This figure is higher

than the ayerage calf production reported for .western Hddsoﬁ Bay belugas,
which a’s slightly less than one calf pér female every 3 years (Sergeant

1973) and which had a grdss annual reproductive rate of\0.13. The discre-

’

N
N
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4in the futgfg wheneVer possible.

' same whales were seen to return to the estuary afterrepeated hun

- - o
a

°

[

pancy between the two estimates of calf production could indicate that the

3

Nastapoka “herd " is not representative of its eastern Hudson'Bay population.

This is probably the case since the estimate of sex ratio:'indicates an unCs‘

4

ually high proportion of females in the Nastapoka herd.

It abpears that pairs of females accompanied by calves in their third ‘

.

year (2/3 length) are not fully represented in the estuary. Howev%r, since
4 i
there is a seasonal average proportion of 2/3 length calvés (11.4%) present

in the estuary, females that would be their mothers are either absent, or

accompanied by a neonate. ,
!

°

Since there are no independent estimates of age structure outside the

Nastapoka estuary with which to compare this age sfructurg, figures of ;alf

| .

production and recruitment presented here cannot yet be used as esfimates o%
annual production rates. ’(

From a management point of view, a hig ;%if prioduction coui? H;

maintaingd if eligible females mate with thejavailable males. However, the

hunters at the Nastapoka estuary harvest females accompanied by young when

¢

large unaccompanied whales cannot be found. This might indicate thatgthe

hunters have over-harvested the male proportiofi of the estuary stock and are
: )

now utiliiing the reproductive core of the population. St%ong site tenacity

-

coupled with a high proportion of neonates are chéracteristics of the Nasta-
poka herd which makes it extremelyevulnerable to over-exploitation. Fortu-

nately, hunters have agreed to greatly reduce the harvest of these females

N »

' Beluéas at the Nastapéka were found to be very site tenacious. The-

and dis-

turbances. Recovery periods of-at least two days for;a hunt and one day for

‘motor disturbances were found to be necessary for whales to re-establish

| o
'

f
|
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themselves in the\;;aﬁﬁﬁk Such recovery period§, however, do not allow the
whales to occupy the estuary for a'yery long period of time, only two days
on average from the timée® of the return of the first whale. It would be
expected that continuous or frequent disturbances would eventually decrease
éhe time whales can occupy the estuary and might eventually lead to igs com-~

plete desertion. This might be what happened in the Great Whale River estu-

ary and what is probably occurring at.the Mucalic River in Ungava Bay (Smith

pers. com.). The tipe between two sequential disturbances should not, at a-

~

minimum, exceed the time“required for whale numbers to build up to their
usual éaximum levels. If the disturbance regime were to %ncrease from the
present level of week-end hunts and occasional boat traffic, the whales
might severely reduce their gscupancy of the estuary and possibly‘altogether

abandon the Nastapoka site.

The ethogram of the beluga species compiled during the present study
-9

is incomplete since the summer estuarine occupatioyfonly represents a brief ’

portion of the annual life cycle of the whales and there is an obvious lack
of behavior associated with feeding, resting and mating. .Feeding in such a
small area is not likely and empty stomachs of whales harvested in the ‘estu-

ary support this idea. Resting or sleeping was thought to be impossible

\ﬂhcause of the strong current existing in the estuary. The reproductive

T

season of belugas is in early spring as shown by ovarian analysis (Brodie

1971) and nothing is yet known of their behavior ~at that very important

14
@

period in their life cycle. .

Most ‘action ‘patterns observed for belugas of the Nas%apoka were very
similar to those reported in the 1literature for other species of free-
rang%Pg and captive odontocetes (;ee Appendix 1; Norris and Dohl 1980b;

Wursig and Wursig 1979 and 1980; Saayman and Tayler 1979; Martinez and
- \ - * . \

1
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Klinghaﬁmer 1978; Tayler and Saayman 1972). > The present study on free-
ranging belugas shows that fﬁéy\fo possess as wide a ‘behavioral repertoire
as most odontocete species. \

The two most distinctive behaviors seen relapivel; often 1in 'this
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
ig social contact ;ith their heads close together. It was reported fot the
first time in sperm whales in a care giving situation (Nishiwaki 1962). it
has also been seen: in\beluga as part of social contacts in the Canadian
arctic (T. G. Smith pers. com.).{ySightings in which mature belugas werse

seen to persist in carrying inanimate objects (Smith and Sleno 1986) support

the'ideé that small calves could just as easily be carried by their mothers

or that calves g¢ould ride ack of adults. It has been observed in

only one other species of dol

in, the finless porpoise Neophocaena asiacor-
ientalis, (Pilleri and Pedixun 1979).7 In the present study, the riding
action paétern is not thought to be an optical fllusion as discusged 1in

Tomilin (1967). .

A

*

-

The ordinary swimming was, by far, the dominant action pattern seen
inwbelugas of the Nastapoka. All the other actfon patterns Pﬂﬁkbfned, only
made up 107 of the total activity budget of the whales. This portion of the

activity budget wasckound to be influenced by the following intrinsic and
» : -

3

extrinsic factors. //
A high density of whales in the estuary seemed to inhibit tﬁe display

of more diverse observable action patterné. A negative reldtion was found
between water clarity and the amount of PAP displayed. Turbid water condi-
tions §Q€med to encourage the display of a greater amount of action patterns

above the water surface other than ordinary sWwimming, perhaps helping in the

o N
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communicétion between whales when underwater vision was limited. Th% time

4

elapsed sincé the retugn of whi}es\sg‘the estuary after a disturbance (ET)

was also found to be influential. As ET increased; the ratio of PAP

decreased, indicating, perhaps, a certain period of adjustment following the

return,’if belugas in the estuary. The amount of PAP displayed would then¥ .

*

return to the presumed normal or average level. As the mediah of the herd
distribution approached the downstream portion of the estuary, more of the
PAP were displayed. This could indicate that the “confinement or novelty

aspect of the upstream quadrats could have acted. as a deterrent on the dis-

- play of more prominent action patterns. Decrease in water depth in the

o

downstream quadrats, on the other hand, could also have acted to increase
the amount of PAP displayed above the water surface because of the lack of
vertical space. Observation periods subjectively judged as good were gener-

P ) N

ally counts where a higher proportion of PAP was displayed.  This suggests

that when all the obsefVation conditions wege favorable, such as a low level

"of fatigue of thﬁyobservgr and a generally good visibility of the whales, a

signifiéanf increase in the proportion of-.PAP was registered. It was also

found that during periods of high winds, belugas tended to be more actéve

above the water surface. The effect of high winds cannot be readily

explained and further investigation on this topic is needed for interpreta-
‘tion. S
pX) ¢

Finally, a slight decrease in the display ofL§XP later in the day was

® ¢

" found by the janalysis. This could be an indication of a diel cycle in belu-

gas o% the estuary.. Well marked diel and seasonal activity cycles are

¢

widely reported for odontocetes, Shane (1977) found significant variations:

Y

‘of some behaviors with respect to the season and the time of day in bottle-

o

nose dolphins ‘of the Atlantic. Saayman et al. (1973) showed that the behav-




(

-

ior of both captive and free-ranging Indian bottlenose dolphins was signifi-
cantly influenced by a diurnal rhythm. In some species however, such as in’

captive Amazon dolphins, Inia 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 that

the five activity classes cogld be effectively different from one

another using combinations of biological and environmental factors. Alohg
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

o

factors measured in the estuaryf The importance of age was not unexpécted.
In other studies, age was also shown to play a role in differentiating

between ‘“behayior (Saayman and Tayler 1979; Saayman et al. 1973). However,

-

comparable quantitative information on this subject is not yet available in

Q\\

the cetacean literature.

It was surprising that the behavior of belugas would only be slightly

\influenced by human induced disturbances. I expected that the whales would

~

Y/

show much grgaté; variation in tﬁeir behavior in response to disturbances.
A possible explanation for the observed lack of variation 'in behavioral
response in &hales after their return to the estuary was that the whales
recovered behaviorally from the disturbances outside the estuaf& and only
returned when they felt secure enough or when they returned to their nermal
levél of activity. Other factors shown toave limited dgscri?inating power
were water clarity, quadrat, and time elapsed afte hunt.

Water tarbidity in coastal areas has been thought to 1hduqe side

swimming in Tursiops (Leatherwood 1975). 1In other studies, habitat has also

been found to be a vedy influential factor on the beha or(of odontocetes.

P

N
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Shane (1977) found a highly significant effect of location on both feeding
and mating activities of coastal bottlenose dolphins of Texas. .Saayma and
Tayler (1979) observing humpback dolphins (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-

N\\ﬁbm and unsheltered rocky coastline areas. Wursig and Wursig (1979) report

that the movemehts and behavior of bottlenose dolphins of the south Atlantic

were influenced by tide and nearshore rocks.
There was distinct group type segreg§fion in belugas of the Nastapoka
estuary. I found groups cpntaining calyes and accompanying adults and
Zves. Thesé gtroups have often

groups of large white individuals with no ca

been reported for belugas elsewhere (Tomilin 1967; Yablokov et al. 1974).

Bel'kovich and Yablokov (1965: in Yablokov et al. 1974) demonstrated that

mixed schools of belggas, females and young, consisted of genetically
related specimens. Such famil§~groupé>are also thought to occ&r in sperm
whales (Best 1979) 3nd in killer whales (Bigg 1982). 1

In addition to the groups w;th calve$ and the groups containing only
adults, I also found groups of belugas composed only of juveniles, 1/2 or
2/3 length, and groups composed of a combination of these two age classes.

&

I also feund groups of only sub-adults, or 3/4 length, and groups of sub-

adults -associ Fd wigh large juvehiles, or 2/3 length, and groups of sub-

adults in association with larée adults. Such-variety in group age composi-
tion is also reported in narwhals (éilverman 1 and in sperm Qﬁales (Best
1979). It is(?ossible that‘the'relatively smazzgj:;;.of the Nastapoka River
is responsible for further break-up ofy the beluga groups usually seen during

this time of year in other areas. It is also possible that the confinement

of the estuary is favorable to the formation of juvenile groups which would
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normally stay\ within the éafety of nursery groups, accompansed E} their
mothers.

Belugas in the present study demonstrafed a high degree of fluiéity
of groups of the same type. Group ﬁembership was constantly changing in all
types of grouping, although mixed age or nurgery groups demonstrated greater
Etab&lity. With the limited help of individual identification.through natu-
)ral marks, no permanent association between adults or other non-neonate
calves cguld be d@scerqed. However, more s&ste&atic obsérvations of identi-)
fied individuals might show otherwise. Interactions between the mixed age
and same age groups were characterized by a high level ;f aggressive-like
behaviors. The similar age groups were observed to be the instigatdrs of
most of the interactions between the grou;s. The inpression was gaingd that
nursery groups did not solicit any social contacts with members of the other
group type, &

//Zﬂ . summary, the different groups showed variations in age-class com-
posigion, size, group stability, and behavioral repertoire. D@fference;
were also\ noted in the aséociations betw:en action patterns, and degree pf
stereotypy .of sequences of action patterns between the two types of. groups.
MAGs were larger, more abundant, and showed greater membership stalility

' )

. (less group changes) than SAGs. Their-behavioral repertoire, on the other

.hand, was smaller and showed a lesser degree of stereotypy in sequences- of

-

events than SAGs. ' . '

-

- Several studies demonstrated a fair degree of fluidityk of subgroup
size and compésition within larger groups in several céastal dolphins
'species (Wursig\1978; Norris and Dohl 1980b; Wells et al. 1980). From my
observations, I found that beluga§ have a rather.§Qructured social organiza-

tion dﬁriqg their occupation of the Nastapoka estuary. Group types are dis-

\ o -
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tinct and do not seem to easily mix with different gréup fypes without dis-
playing \agonistic behaviors. Mixing between the same types of groups, hou-
ever, occurred frequently and without much disruption. .Fluidit§ of group
membership, therefore, appears to be limited in bélugas of the Nastapoka
estuary. The fluidii?,of membership appears to, be ronly occurring within the
same type of groups, where identified individuals were often seen with dif-
ferent identi%ied individuals. My information on the social structure of
belugas is very limized since there are no data on social organization out-
side the estuary or during the spring when mat}né takes place and the sgcial
structure would be m;st evident. Behavioral observations prior to, and dur-
ing the period offreproduction 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 scant. To further our

kndwledge, we would have to extend our observati&h season, pé%berly mark or

k\~tag individuals of known sex, and, if possible, monitor their movement$ and

/

)
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Table 1. Spearman rank correlation coefficients between tme enviromental
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factors and the median position of the whale herd in the Nastapoka estuary

in 1984. :
grememmmmemem————— A aae Lomcmmcmmm———— e e mm e eeas
Environmental Correlation Probability i ghmber of
factor ° Coeff101ent (IR!), .of a greater:IR! Observations
Tide —0.39845 0.0001 349 -
+«Total count -0.33728 0.0001 351
Water surface 0.32272 0.0001 j . 351 !
Estuary time -0.23086 0.0001 C 272
Hunt time -0.21195 0.0004 N 272 B
Wind speed -, -0.16976 0.00%% ©o. 351
Wind dir.(Sine) -0.14865 0.0053 | T 351
Water clarity 0.12183 0.0224 . 351
* Count index -0.11870 0.0262 351
Water temp.(fresh) -0.11371 0.0332 ; 351
Time of day 0.06737 0.2080 | 351 T
Obs. {# (season) 0.00189 0.9752 ’ 274
,% Bias introduced by the observer.
A
( e
m\// i
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Table 2. Contingency table of the age structure of the Naghapoka herd in
1983 and 1984 estimated by focal sampling. A deviation statistic 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 cells showed significant varia-
tion., Age classes 2/3 and 3/4 were combined in 1984 because these classes

were falready combined in the 1983 data. . - €
1983 1984
Age class Obs. (percent) Obs. (percent)
’ Z statistic <7 7 Statistic
, Neonate 240 (16.37) 309 (19.17) 7
1.4715 1.3128
1/2 _ 226 (15.37) 257 (15.9%)
- 0.3046 0.2872
2/3 + 3/4 441 (29.97) 411 (25.4%) " -
1.7775 1.8309
-\ ©
White: 568 (38.5%) 640 (39.6%)
0.3837 0.3667

= - i e o = . e e v e T e aw Y S Am e e dm e e e s M ae e e o e e e s e e e e e e e e e e e e W o e =

X#=9.5082, df=3, 0.01<p<0.025

-




Table 3.
different

ling. A deviation statistic Z was calculated for each cell and compared

)

Contingency table of the age structure of the Nastapoka herd in
quadrats of the estuary duringsthe 1984 season using scan samp-

N

- with the critical value of z (3.0256) given a significance level of 0.05. s
Cell values which are si#gnificantly différent from tha expected value are
marked with an asterisk. ) '

"Age class

Neonate

1/2

2/3

3/4

White

___________________________________________________ Pk R ey

Ql Q2 Q3 Q4
Obs. (percent) Obs. (percent) Obs. (percent) Obs. (percent) N
Z statistic Z statistic Z statistic Z statistic
______ .-‘_.-———-——--——-—-————-———-—————-——--——————-———_-——p_-—----____ 7

1278 (20.57) 2486 (19.9%) 1258 (17.6%Z) 1369 (18.2%)

2.8693 1.8354. % 3.2546 2.0722

931 (15.2%) 1992 (16.0%) 1125 (15.8%7) 1074 (14,3%)
*0.4266 1.6207 0.7899 2.5852

649 (10.67) 1581 (12.7%) 888 (12.5%7)_ 671 (8.9%)

1.9505 % 4.1051 2.5527 % 7.2206

606 (9.97) 1773 (14.2%Z) 1045 (14.7%) 814 (10.87)
% 7.1721 % 4,4626 *  4,2657 * 5,0958

2663 (43.5%7) 4644 (37.2%) 2818 (39.5%) 3584 (47.77)
+ 2.7609 % 7.9141 " 2.4331 % 8.6139

—"----"_-—-_-—_-———-c-""-.' ---------------------- / ----------------- *

X2=342.4939, df=12, p<0.005
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4::;e 4. Contingéncy table of the age structure variation of the Naétapoka
herd over the 1984 season. The dates listed are mean values of ddtes for
blocs of equal sample size. A deviation statistic.Z was calculated for each
cell and compared with the critical value of z (3.0256) given a siénificance
level of 0.05. Cell values which are significantly different from the

expected value are mfrked with an asterisk. .
_______________________________________________________ ~
17 July 7 August . 20 August 29 Augﬁst
Age class Obs. (percent) Obs. (percent) Obs. (percent) Obs.“(percent)
Z statistic Z statistic Z statistic ‘Z statistic
Neonate - 1455 (17.ﬁZ§ 1733 (20.4%) 1670 (20.0%) 1542 (}819%)
. *  3,9657 2,5837 1.6840 + 0.6223
‘ oy e
. 1/2 1143 (13.7%) 1474 (17.42)‘ 1257 (15.1%) 1254 (15.4%) -
A\ S % 4.2544 % 4.5117 " 0.7863  * 040187 -
. . s .
2/3 i 1484 (17.8%) 736 (8.7%) 547 (6.67%) 1022 (1%.5%) /
% 14.2083 .k 8.4982. Q4 17.3394 3.9170 ‘
2 910 (10.9%) 1226 (14.47) 1029 (12.3%)° 1077 (13.2%
*  5,1238 * 4.2706 1.0690 - 1.1922
White 3355 (40.27%) 3310 (39.0%) 3844 (46.17%) 3259 (40.0%)
1.6985 ¥ 3.5317 . ¥ _ 6.7856 2.0206
T ' r’i 2
* X2=703.7002, df=12, p<0.005 L
LN
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Table 5. Contingency tahble of age structure variation over increasing

blocks of periods of time elapsed since the return of belugas to the estuary
(ET) during ‘the 1984 season.

icance level of 0.05.

- o v . > e e e T m e e e e ew s e We e T A e M e e T MR e e e G e e b e e e e e e e e T e e e T e e W ey b

A deviation statistic Z was calculated for
each cell and compared with the critical value of z (3.0256) given a signif-

30'to 75 Hrs.

75 to 135 Hrs. >135 Hrs

Cell values which are significantly different from
the expected value are marked with an asterisk. .

L e ) v e e e Sk GB Pe RS S e M M G W MR R T R NN e e e MR YR e P G MR T em e wr e e Ve W MR e s e s e e %

Obs. (percent) Obs. (percent) Obs. (percent)

Z statistic

Z statistic

Z statistic
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P

- e s i m m an o o ¢ e - o m 8 e 8 e Y e - = e S = St o e o o e e 0 e e SR dm = e R e o e e e e e v A e e

Age class . Obs. (percent)
Z statistic
Neonate 1600 (19.2%)
0.0140
1/2 . 1257 (15.1%)
' 70.7870
2/3 814 (9.8%)
= 4,8284 *
V-
3/4 909 (10.9%)
. ® 4.9056
White 3751 (41.32%)
' *  5.3700

1687 (19.67)
0.9267

1275 (14.8%)
1.3992

912 (10.67) .
2.2618 ,

1100 (12.97)>
0.6600

3605 (42.0%) .
1.0174

1498 (18.77) 1568 (19
1.1164 0.14A
1267 (15.82) 1299 (16
0.8893 1.2827
1117 (15.92) 928 (11
¥ 6.1719 0.0215
1011 (12.6%Z) 1158 (14
0.6901 *  3.8394
3124 (39.0Z) 3179 (39

* .3.5250

% 3.3577

.37%)

.0%)

A7)

27)

L17)

- e e o e e A - e Y v e e e e e e W b e e T A e et e S AR e e e e e e T e o SR NS Em e e R T dm v AR AP W M e M Aw e e N T e e e G om
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Table 6. Calendar of identification of belugas at the Nastapoka estuary
during the 1984 season with reference to those identified in 1983 (*) and to
.the dates of the disturbances; H = Hunt, M = Motor (continued on next page).

______________________________________ N S

! Whale Identification Number

- - o n Gy Y - - NS - - - - " v n n A - b 4 - R e e e -

% % % % % 3 ) X %
DATE 13478 1011 15 17 19 20 22 23 26 28 30 31 37 39 41 42 44 45
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—
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Table 6 (continued\. Calendar of “identification of belugas.
\\ Whale Identificatjon Number )
% % % % - % . i ) . x %
347 10 11 15 17 19 20 22 23 26 28 30 31 37 39 41 42 44 45
I S™I 1 I /
I 11 1 I I
I I I I I
I I I I I
I I
I
? 1 - P
-,
I I.
I 1
I1I I I I
. I
I
I . 1 ’ I
I I I I I I I I I
I I 1 1 I'T 1 11
I I I I I I I
11 I 1 1 I I I I I
__________________________ e e e
1 ) -
#:
LA -,
[
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Table 7. Minimum oceupation rates of -the Nastapoka estuary by individually

identified belugas using scars and natural markings during the 1984 season. '
B PPy U PSSO U PSR
Whate ID / Total observation Number of days Percent estuary
period (days) of occupation occupation
1 26 10 | . 38 7
% 3 26 14 54 7 ~
k4 25 7 28 7 g
7 25 7 28 7
8 s 25 -6 ‘ 24 7

% 10 24 11 ( 46 7

11 23 4 15 7

12 24 2 g YA
* 15 23 11 . 48 7 .
17 24 8 : 33 7 ’

19 — 21 2 - 10 % ’

20 o 18 - ( 8 44 7,

22 » 19 5 26 7
"23 19 5 26 7

26 b 18 2 ' 11 7 ’

28 12 5 42 7

30 19 \ 3 16 7

31 13 2 fC 15 7%

37 13 - 3 "23 7

35 11 5 45 7

41 13 '3 23 7 .

42 10 4 40 % f
.44 7 5 71 7
* 45 6 1 ‘ 17 Z
_________________________________________________________ B i LT T

* Whales identified in 1983. i
Mean minimum estuary occupation = 30.46 Z * 15.89 %

S
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Table 8.. Recovery timeXZf whales
hunting activities duriﬁgsthe 1983

. the Nastapoka estuary as a result of
d 1984 seasons.

Date Initial % Partial % Total "% Recovery time.of
count Recovery Recovery identified whales
, : (hours) ., (hours) # of hours (ID no.)
23/07/83 100 35 48 oL - .
. .
09/07/84 88 19 ﬂ 50 -
. 12/07/84 ﬁi\d/// ‘ 36 35 380(8), 117(10,11)
15/07/84 35 2 25 -
. ~ :
) 15/07/84 25 . 267\ 48 -
« 29/07/84 114 b 45 -
08/08/84 31 3\48 " s8 144(3),’56(39)
18/08/84 209 1 - 12 48(15)

__..-...-_-___-.-_...--__.-........-__—-——--—_-——.—-—-—------_.-.4-_-.___..-~_--_.--———--—-.——.-

% Recovery time: Partial return of first whale to estuary, Total= return
of >707% of Initial or pre-disturbance count to estuary.
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Table 9. RecoveEy time of whales in the Nastapoka estuary as a result of
motor traffic activities durlng the 1983 and 1984 seasons.

Date * Initial * Partial -, * Total *% Recovery time of
count Recovery Recovery identified whales
(hou¥s) (hours) " # of hours (ID no.)
25/07/83 70 2w 33 - )
03/08/83 105 28 - 28 -
. 07/07/84 - 101 , 28 . 36 165(1),372(3,4)
~ ’ 574(7),106(8)
10/07/84 40 20 22 -
25/07/84 . 117 .16 ) 41 42(10),236(20)
. ) 169(19),177(26)
. 20/08/84 129 3 .5 : 123(23)
22/08/84 14 2 5 -
24/08/84 207 15 .27 33(1),104(3) -

., e e - e o 1 1 ot e o e e e o e 0 o i e -
* Recovery time: Partial= return of first whale to estuary; Total= teturn
of >707% of Initial or pre-disturbance count 'to estuary.

°
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Table 10.

Class of
activity

- . - - -

"

L

s\églax

Sw1mm nz
1t l

Aerial

- e o -

e . o

——-—————-——4—‘----—---_-_——---‘———-'----—--—--h--—-—------kv -------
Action Description . Sl
pattern \\\ &
Ordinary Gentle rolling of the back when surfacing to .
_ breathe. : \\
-Leag&ng Projecting the body out of the water exposing the
foward half of the body during the initial thrust
and ré‘entering the water head/first.
Sounding , Diving into the water with a sharp bend of the
tail stock,
Tail ub’ Lifting the flukes out of the water when sounding.
Skimming Advancing through the water with the head held
' above the water surface.
Head up Raising only the head to clear the blow hole whan

surfacing to breathe. . -

Side swimming Swimming in a foward motion on the side.
A |

Back swimming Swimming in a fo

ard motion on the back.

Breaching Projedg;ng the ly out of the water in an oblfque
* position and falding in the water on the side,
\\x front or back. £ '

JAerial spin PrOJéctlng 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(ﬂday out of the water in an upright
\p vertical pos‘tion exposing the head and neck.

Tail stand ‘%Raising and maintaining the body out of the water
= in an upright position by vigourous tail movements

(very short duration).

\ \ :

Pitch polling Maintainlng the body in an upright position with

the head out of the water while rotating on the
‘longitudinal axis.

) \
kS
Tail wavg\ Moving the gail from side to)i%gg/
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Table 10 (¢ontinued). Ethogram of white whales.
Class of Action Description
activity pattern . . N
"""'""“"""'"'""':"‘"s'""\- """"""""""""""""""""""""""""""""""" -
_Interactive Head slap Hitting the water surface with the chin and
/ throat.
" Head bob Small up and down movements of the head at the
water surface. -
" Flipper élap Hitting the ventral part of the pectoral fin
. against the water surface. :
" Tail slap Striking the water surface w1th the flukes of the

s tail. >

Q

" Open mouth Whales facing one another with their’ mouths open,
thus forming a rosette formation.

" Biting ,. Holéing with thg mouth any part of another whale.
.M Chasing . Pursuits between whales.
" ﬁolling Longitudinal turning at the water surface.
" Tumbiing . Whales rolling on top of ;;ch other and tussling.
%“ Head Butting intting against another whale using the head.
" " Erection Erect penis seen when ; whale exposes its
vehtral surface above the water surface.
" Epimeletic Riding One whale maintaining a parellel positié;/on the

\ . back of another. , . .

" Cross-back Crossing over another whale at the water surface.

. 7™
" Suckling - Young calf repeatedly diving clqse to the genital
. area of an adult.

‘)
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Table 11, Total activity buhget based on frequency counts, of action

patterns obtained from scan sampling during the summer of 1P84 at

the

Nastapoka River estuary. Pattern counts and percentages ar¢/summed to give
the class counts and percentages. The ordinary swimming is/treated ° -

-y
i
¥

o oo m e o o A ) - T . . Am 4 e M w mn w tm Sm G ek e e e wm M Ma e e ¢ he e e e e e Gh MR S A TR e W

tivity class Class count Class total Z

eparately: The ordinary swimmipg total percentage and thelclass total

- . .

Action pattern Pattern count Pattern total 7
rdinary swimming © 29,921 89.78
Swimming ) - .
Fast ‘ 178 . 0.53
Leaping . 92 e 0.28
Sounding . 48 ) 0.14
Tail up . 94 . 0.28
Skimming . 42 0.13 -
Head up 981 2.94
————————————————— (}
1,435 - 4,31
Swim Display T
Side swimming 732 ‘ 2.20
Back swimming 30, 0.09 i
’ \ 762 2.29
Epimeletic .
Riding 194 0.58
Cross-back ' 16 0.05
Suckling 4 Q.01 .
. ; Ly mmmmmmmm= mmmeeees
" 214 0.64
Aer1a1 a . "
Breaching 48 0.14
Aerial spin 14 0.04
Spy hop . 40 0.12
Tail stand _ ° 9 ) 0.03 )
Tail wave ‘i38 . C 01l




Activity class
Action pattern

Class count
* Pattern count

Class total %

Pattern total %

X ' ’ &
81
C »
. /
Table 11 (continued). Total activity budget.

o

Interactive . ' LT
Head slap \ 29 0.09
Head bob 38 ~Opll
Flipper slap 4 ) © 0.01
‘Tail slap 378 1.13
Rosette *(194) %9.58
Open mouth 10 0.03
Biting 1 - 0.00 "
Chasing . 16 0.05
Rolling .65 0.16
Tumbling ° 102 0.31
Head but 2 0.01
Erection 7 . 0.02
645 2.52
) T B e e e e I

23.12% of the interactive action patterns were done in rosette formations.

4
”
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Table 12. ' Result of’ thacstepwise regression of the ratio of prominent
action patterns (PAP) to the total number of ‘actiof patterns (TBEH) on all

environmental factors. _ . .
Variables added Estimated F of each Prob > F R2 of model after
successively in  regression variable in, the addition of
the model at coefficient the last each new variable
the 0.05 level in last model model ‘
ittt gt el *:g:*‘

TBEH . -0.0224 +025.70° ¥ 0Jo001 [ 0.2273

W <-0.0693 20,78 0.0001 0.2854

ET -0.0076" 6.65 0.0105 °  0.3113

MED 0.1454 9.21 . 0.0027 . 0.3205 5

cI " 0.0506 6457 0.0110 0. 3444 ‘

WSP . -0.054 - 6.34  0.0124 0.3565 =

i
™ | -0.0001 5.81 0.0167 0.3716

- - - ot - A - e " . 4 B A e e At o e 46 A e e e M RS M me e G Gm e me mm A G R e e A M e e e A e A om e ew

TBEH = Total number of action patterns counted in one observation session
"WC = Water clarity 3 ‘

ET = Time (hrs.) elapsed since the return of whales in the estuary

MED = Median of the dlstribution of whales in the estuary

CI = Count index .

WSP = Wind speed

™ = Time of day - - -
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Table 13. Mahalanobis distance (D) and associated probability (P) between
the activity.class céntroids, ) )

?

<Activity Epimeletic Swim Disp.’ Swim  Aetial Int:elxrﬁctive
Class « , = - sy - ‘ o ’
........ e SRR L L P L P EERE '
° * . o * s 7 o~
Epimeletic D - * 2.0259 % %0709 * 1.6089 "?2.04&3 et
, - P - 0.0000.- 0.0000° 0.0000 0.0000
Swim D - - * 0,4440 J0.6530 * 0.6687 -
= P - - 0.0001 0.98758 0.0000 ‘
*
Display D . - 0.6496 * 0.4756
swim Pl ' - 0.8668 0.0000
.’,“/ . N ) ’ 8 N
Aerial - D s . . - * 0.6809
P : . O - ¢+ 0.0000
, / ~
Interactive D \ . -
- P ) =
, . ‘ & .
D2 is significant,\(*) if P < 0.0S5. r .
e
-
*
- l 1
&
‘ k]
\ \ ‘
© ‘ ! o '
. )
[ A
1
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Table 14. Coefficirnts of the discriminant functions based on the

"environmental factorg, including age, recorded during each observation

session in 1984. .The most discriminating values are preceeded by an
* —

asterisk. .,
. ~ Y
¥
Environmental First Discriminant 2nd Discrimipant—--3zd Discriminant
Factors function - function function |
. RZ= 0.197V =0.0664 _R%=0.0159
Physical factors ) : (
" Tide ’ . $0.0128 -0.2682 071033
. Water surface 5y 0.0540 | 0.3297 -0.3367
Water clarity -0.0964 " = =~ v, 0.5579 ] -0.0131 .
.« Water temp. 0.0098 T-0.0774%, L - 0.D758 S
Wind direction 0.0289 0.1215 v =0.1702 ¢
Wind speed -0.0271 0.2807 -0.0398
Quadrat ¥ ~Q.1464 *  -0.4378 * 0.5936
Temporal factors ¢ @ .
Time of day '0.0592 . 0.0879 0.2113
Month -~ 0.0171 -0.3103 , % -0.7588
Time in estuary 0.0054 ~0.0411 . * -0.4510
Time from hunt * -0.1093 * 0.4072 * 0.4113
Biological factor L
Age of whale " 1.1215 ©-0.,0129 0.0056
Dénsity factor ' ' 5o ‘ ';
Total {#f of whales 0.0384 -0.3463 0.2586
7 a5 1
Observer bias factor ’ '
Count index 0.0077 -0.1772 0.0440
4
. s )
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T;gle 15. Activity budget of agé clasges based on frequency counts of
action patferns obtained from scan sampling in 1984. The total budget of
each.age class (100%) is calculated by summing all the pattern percentages
for the particular age class (Epnt%nued on next page).

> s

¢ - Age classes N
Neonate 1/2 213 3/4 * White
Activity class . Pattern Pattern Patfern Pattern Pattern
Action pattern percenF percent percent percent percent
Ofdinary swimming  94.72 91.11 . 88.76 87.86 7.87
. s ' e
Swimming ', i
Fast _0.56 . 0.56 0.24-, 0.38 0.67
Leaping 0.48 0.39 0.42 0.12 0.15
Sounding 0.02 0.14 0.13 0.09 0.23
+Tail up 0.23 0.76 0.24 0.31 0.13
Skimming 0.02 0.10 0.11 0.17 0.18 <
Head up - 0.75 1.05 2.16 3.32 4.76
sy  T===== TT=m== . Fr=mm—=  mAsmde | smsaea-
) 2.06 3.00 3.30 4.39 6.12
F
Swim Display ! ’ 4 .
Side swimming 0.27 2.22 2.88 2.81 . 2.1
Back swimming 0.02 0.00 0.16. 0.17 . 0,12
. Y e — e "-. ——Nﬂ--- ------------------
. 0.%9 2.22 3.04 2.98 "2:83
Epimeletic -

’ Riding . 2,25 - 0.62 ' 0.29 0.07  0.03
Cross-back C.19 0.02 0.03 . 0.00 0.01
Suckling' 0.03 0.02 {0.03 - b.go "  0.00 -

2.47 0.66 . 0.35 0.07 0.47
Aerial ™~ )
Breaching _0.05 0.31 0.24 0.09 0.12
Aerial spin _  $0.00 0.23 © 0,00 0.02 0.01
Spy hop 0.11 . 0.16 . 0.18- +  0.12 ©0.09
Tail stand 0.03 0.06 0.08 0.00 0.01
Tail wave 0.00 0.06 0.18 0.19 0.15 °
C ememe- . - s L.l
0.19 0.82 0.68 0.42 0.38 ‘
i _
4 4/ :
¢ N\
. (\ ’ :
rs } '
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’ ,Table, 15 (dontinued). 'Activity budget of age classes.
+ . 9 3
: )
, Age classes Y
R Neonate 1/2 —213 s 3/4 White \
Activity class ‘ Pattern Pattern . Pattern  Pattern Pattern-
) Action pattern percent percent Lszrcent percent percent
e o o o ot e a0 2o e s o e o o o e B F e e e o e e >
- . . Interactive 'y . - ’ .
_, Head slap 0.02 0.06 0.13 0.02 0.14
. Head bob 0.08 0.12 0.11 0.19 0.11
i Flipper slap 0.00 0.00 0.05 0.02 0.01
* Tail slap 0.13 - 1.25 1.66 1.91 ~ 1.18
Rosette * 0.00 0.00 0.48 1.06 , 0.95
Open mouth 0.00 0.02 0.05 0.12 0.01
. ' Biting ) 0.00 0.00 0.00 0.00 .01
. ¢ Chasing 0.00 - ' 0.08 0.08 0.01° 0.04
p s Rolling 0.03 0.08 0.29 0.35 0.15
Vo ", Tumbling 0.03 0.64 0.84 0.40 0.13
-—-Head but 0.00 ¢ 0.00. 0.00 0.02 0.02
Erection 0.00 &.00 0.03 0.05 0,03 §
0.23 © 2,25 -3.72 4.15 2.75

100.00 7 100.00 100.00 100.00

T R L e e e R e et

o * 23,127 of the interéctive actipn patterns were done in rosette formations.
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Table 16. Actlvity budget in quadrats based on frequepcy counts of action,
patterns “obtdined from scan sampling in 1984. The total budget in each
quadrat (100%) is ‘calculatéd”by summing all the pattern percentages for the

particular quadrat (contlnued on next page). ., oo
i Quadrats )
e et I e T R e G ——— Tk - o
° & 1 2 3 >_ l’ /J
-------------- T o e W o e o o o e o o v o e i i e e s o P e e g an e e o
Activity class , Pattern Pattern Pattern Pattern
Action pattern ° percent Jpercent percent percent
--------------- e e e m ettt e c e et w e mm e m——— .- m—mm—— - '
Ordinary swimming 96.21 . -+ 93.94 | 87.41 . 80.21 - .
:‘ S&imﬁing ! . oo 1 "
Fast’ 0.03 ©  0.14 ) 0.35 0.20
Leaping 0.10 0.20 0.46 0.37
$qunding 0.70 0.04: . 0.00 0.00 .
" Tail up ~ 0.33 0.30 0.21 0.29 : °
Skimming 0.02 ‘ 0.03 0.14 | 0.32
Head yp . 0.47 , 0.95 . 3.49 —7.59
.. ‘ 1.65 1.66 " 4,65 - 8.77
. : ( A ~
Swim Display o : - ' *
Side swimming 0.72 1.67 . \\ 3.04 ~ _ 3.43 .
* Back swimming 0.07 0.0 0,21 -, 0.11
»0.77 1.69 3.25 %.54
Epimeletic ’ - . N ‘ .
Riding 0.08 .44 0.74 1.08 .
Cross-back . 0.02 . '0.06 . 0.03 , 0.07
Suckling 0.00, 0.00 0.06 - 0.00
. Nemmm-—- eemcames eecewe Y e awwe - \
‘ 0.01 0.05 0.83 1.15
,,Aeriéi T o . ‘
Breaching 0.13 - . 0.06 o “0.07 . 0.33
Aerial spin .02 . - . 0.10 ' . 0.01 0.00
Spy hop 0.03 0.03 . 0.22 0.24
< Tail stand” 0.33 . - 0.30 0.21 0.29
. Tail wave 0.05" 0.03 0.25 ' 0.17
] " 0.56 0.52 ° 0.76 R )
I’ L o
N, | ' : '
o 1 ) -
i ) 13
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_Table 16 (continued). Activity hudget in quadrats.
' r
T i . Quadrats”™ = .. ¢ ' i
1 2 3 ? 4
Activity class Patterno- Pattern . Pattern Pattern

ActiOn pattern percent percent -percent percent ~ .

------------------------------------------------ .‘!---“--‘--"“'—-J-'-r---'.—'——— -

Interactive - ' . . o
Head slap ’ 0.20 0.01 0. 04 0.1,

- Head bob , 0,02 002 'l 0.24 . 0.23 ,
Flipper slap 0,00 ., .. 0.01, 0.25 0.17 /‘ .
Tail s&lap 0.69-~ 0.86 " 1.05 2.00 e .
Rosette * 0.00 .'0.64 0.32 . 1,21 Lo
Open mouth 4 0.00 0.03 0.08 . 0.00 N
Biting 0.00 0.00 0.01., ~ 0.00

« Ghasing 0.03 ~ 0.02 0.07 7 0.08
Rolling 0.05 - 0.15 0.19 ) 0.39
Tumbling . 0.05 0.22 0.62 0.36
Head but 0.00 0:02 40.00 0.00 - 4

- Erection 0.00 0.00 0.04 0.05
‘ 1.04 ° 1.98 2.91 ~ 4.65¢
~~~~~ L Ll R K Rl B Kl Bk A o P e AR Gm o s e Gy A ee e S e M e SR o e A SR em T WR WY G S R e w06 e e SRy S
Total 100. 09\ 100,00 100.00 100.00 .
, -

rosette formations. PN
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Table 17. Activity budget of activu’:y classes in gifferent degrees of water

* clarity biSed on frequency counts fx;om scan samples in 1984, -
-.--.o-l.- ------ LR X R ] --—-———--' ——————————————————————— Mo o o e e ey v W e
oty A ’ L (opaque) 2 3 4 (clear) , -
Activity class =~ -==-e-m-oo-eoooo—on- -}--"* ----- mmmmmmmmmmmen Total
: Frequency Fiequency Frequency Frequency Mean row
p o~ N Column % Column % Column % Column 7 percent.
Or&hary Swim 865 . 2498 17651 - 8Y25 29139
,. B85.58 88.71 90.12 . 89779 , 89.82
‘Swim ’ 73 . 138 8%8a - 308 . 1393
" v 7.22 - 4.76 4,48 3.41 . 4,29
v, ' - . ’ /- _7_
"Displagh swim 31 78 . 418 201 . 728
3.07 2.77 2.13 - 2.23 2.24
Epimeletic~" 8 21 125 -, ~56- 210
. ) 0.79 0.75 ° - 0.64 0.62 . 0.65
. Rerfal. 7 a4 o2 2 47 144
. 0.40 0.75 01.37, ;“0 52 0.44
Interattive - 300 7 64 443 292 829 .,
Co 2.97 2.27 2.26 3.23 2.56
. i E R L L LR L Lt e e ————-
CoL . \ 2
S "’ ' : . ,
. . /.
, ;«'
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[N ‘\ )
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Table 18.

‘elapsed after a- hgyt baged on frequency co

l
A\
Activity budget of actlvity clasges in increasing periods of time
ts from Scan samples in 1%;4

L o e e e e A = ke --—--—-—.._—.---.__......_.._..__._-_..____.._
.

. . < 125hts. 125 to 190 .‘90 to 279 > 279%hrs.-
Activity class mommmemm e e L et (se L LTI PRI Total
Freqdency . Frequency F equency- Frequency Mean row
. Column Z°  -Column 7 plumn 7 Column 7% percent >
Ordinary” swim 7302 7747 i 7276 7284 29609
( g8.08 90.83 189.44 89.94 89.84
. - ls ‘
Epimeletic 45 65 TS 54 213
: 0.55 . 0.76 0.60 Y 0.69 0.65
Swim 396 . 351 327 338 1412
« © 4.83 4.12 4,02 4.17 4,28, °

Display swim 74 182 ,°213 176 745
. 2.12 2.13 2.62 2.17 2.26
Aerial .47 35 34 30 146
] - 0.57 0.41 0.42 0.37 0.44
Interactive 232 149 236 217 834
3 2.83 1.75 2.90 2.68 2.53

el i o e e = e e e o St e e o e e R e e e e e e e o e T e i e
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Table 19. Actyyity budget of activity classes by month based on frequency fﬂ
counts from scan samples in 1984. .
| . +July _ .. August - September ; o
Activity class & pmiannl T e R C L LT * otal
. / Frequeney- Frequency Frequency Mean row N
o _ : Column 7 Column 7 Column 7 ) percent
._.,_........__-_....._......._;............._...___..______..-...---....-_3. ...... e ———- e ——————
Ordinary swim » 8750 17882 2507 29139
88.35 99.47 ° 90.41 89.82
AR DR o Y .
' 'Epimeletic . 66 130 S T 210
- . 0.67 0.66 . 0.50 0.65 .
Swim ' 460 - 805, 128 . 1393 .
v '14.-64 ’ - l‘v,o,.] ’ 1&.62 " 4»29
Display swim 212 m : 72 ' 728
’ o 2.14 - <2.25 2.60 ©2.24 s
Aerial_ S s6 79 .9 - . 4k
-, 0.57 » . 0.40° 0.32 0.44__
Interactive 360 426 43 © 829
3,63 2.16 - 1,55 ’ 2.56
. g : 4
B{ I .
+ L} 3
. — ) . . _f o B ' o
. ¥ - |
|
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S " Table 20. Activity budget of acti\vity classes by increasing periods of tjme
' spent in the estuary bdsed on frequency counts Dfrom scan sampling in 1984.
. Y * . °' ] , . ‘\ \‘
Ao < 30hrs. 30 to 75 75 fo 135 > 135hrs—
. . ACtivity €lass  --mm-===mmsmememm—meooesmoeeeeanoo ~g-=--=--J--  ‘Total
. L Frequency Frequency Frequency - Frequency Mean row
- ' - Column 7 Column 7% Cqlumn 7 Column 7 percent
v - ke o Ty STEEDA PGP R S St PP Sy JUp e,
- Ordinary swim 7211 7800 7299 7299 29609
87.63 90.86) 91.06 89.79 9.84
¢ . ¢
¢ Epimeletic - 51 63 39 60 213
- . 062 0.73 0.49 Q.74 0.65
' Swim Y 277 294 354 1412 ,
- 5.92 . 3.23 ¢ 3.67 ~ 4,35 4,28
» \ ‘ L A , ' ..
Display swim 219 % 157 - 147 222 - 145+
2.66 . 1.83. 1.83 5.,2'73 . 2.26
X Aerial - 48, 29 40 29
r : 0.58 0.34 0.50 0.36
Interactive 213 259 197 T 165
2.59 » 3,02 2. 46 , 2.03
abelebebeie i i i it ;. ------------------------------------
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" Table 21, Age class inventory of 272 groups of belugas in the Nastapoka

estuary dur1ng the 1984 season. N ) ) N ,-
. 4 * X
...... o i am Tm e e e o e e T e o o o e e e e B e . S .
A -
Group Description Age classes Total
. type Rt Dt . number of
----- --==-===----~------ Neonate 1/2 2/3 7 3/4 White groups _ .
-------- _",---""--.‘—".‘-_--"'"",--"---“""—-""":"""""‘“"""""‘"-—"‘"""-"-"""""“' Qﬁ/
¢ . . '
Similar age Singleton * - - 1- . 100~ 12 -
" & > 1 whale - P s - - 12
" " Vo - P .. P - - 8 ’
L] " - _. P AR Y - . o 6—
TR o . - - P P . “
" . i - i - P - é
" " - - - P P 35.
1 " - . - - - P 16 Q
; . L9 .
Mixed age Couples P - - 7= p 14
" " - * P - - P 8 -
" " - - - P 2 )
ae " P - - P - 5
1 g " - ._ P VIR - 2 g
" Triads P - P -7 P 3
1" 1] - P 1o P 'P » 1 .
"- >\3 whales P P P P P 140
.combinations N ‘ ] S
- e 175
* o
%
- ), " . - - T 96 A = Gm wm ae St M @ w [ S R P - = o - - -
P = presencef the age class v
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_Table 22. I;lumbér of focal samples at the Nastapoka estuary in
which action patt/erns were present for the two types of groups.

N e - . - - . . - o A - e = B v " et e S - o - mn mn A - o o — o e e . = = e4 b = - e - v a4y -

} Group Contexts
Action = mmmemmmmmmmmmmmeemme oo S
patterns MAG MAG+MAG MAG+SAG SAG+SAG  SAG
(n=45)  (n=9) (n=20)  (n=10) (n=37) =

Head up 15 2 1 1 S

Spy hop 4 0 0- 0 2

Skim 4 0 1 ~ 0 4 .
Ride 8 2 2 0 2 B
Suckling 4 1 . .0 0 0 x
Stirring L A 0 0 0 0 .
Leap - 0 0 4 0 0

Bubbles 8 2 3 1 5

Back swim 3 2 3 2. g1

" Side swim 8 2 8 5 18

Tail wave 1 1 1 1 1 . o
Tail kick 2 1 5 3 10

Chasing 1 0," 4 2 2

Bite 1 0 0 1 1

Head- out 0 0' . 1 1 T4

Head bob 0 , 0 1 2 7

Tumble 0 -0 0 ! 7

Flipper slap 0 0 0o ° 0 1

Rolling 0 0. 3 2 13

Head but 0 . 0’ 0 0 1

Open mouth O 0 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
"""""""""""""""""""" STt T T E e
n = number of focal samples. . Y
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Glossary of abreviations of action patterns and gr;)up engountars 7
used in Figures 10 and 11, and in Tables 23 and,24.
Mixed "Age Groups ¢ 2 Similar Age Groups d
TWAY:_ Tail wave . CHA : Chasii’axg '
STI « Stirring LEP : Leaping
TKI : Tail kick ,. BUB : Bubbles
BUB : Bubbles . HSL : Head slap
SOR : Splitting of original group JMA % Join with MAG N
S0U : Sourding . SMA : Split from MAG
BIT %/ Biting SEX : Erection
SKI : Skimming . HBO : Head bobbing
ROL : Rolling SSW : Side swimming -
CHA : Chasing JSA : Join with SAG '
SSA : Split from SAG SKI : Skimming =~ ° ~
JSA : Join with SAG HUP : Head up “ :
LEP : Leaping SOR : Splitting of original group
BSW : Back swimming . - RID : Riding
HUP : Head up to breathe : ASP : Aerial spin ‘
RID : Riding - BIT : Biting , 8
HOU : Head out SSA : Split from SAG
S$W : Side swimming . TUM : Tumbling
SUC : Suckling ROS : Rosette formation
SMA : Split from MAG OPM : Open mouth
JMA : Join with MAG ~gQl, .+ Head out . g .
.BSW' : Back swimming
: ROL : Rolling
TWA’: Tail wave ,
. TKI : Tail kick . "
FSL. : Flipper slap
o ‘ :‘ .S0U : Sounding ,.)
______________________________ G e e e e et —
¢
. oo, L \
T +
) /—/ﬂ~ s
- 7
J .
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Table 23. Transition matrix of the preceding and fo#lowing actlon
patterns from the Mixed Age Groups in the 1984 season. ,

Preceding J S
action MM
A A

pattern 3 %1: B
IMA 1 - 1 1 . :

SMA e

JSA 1 1111 12

SSA 1 1 1 1

SOR . . 1

HUP .

SOU ) 1- 2 1
’ 1

—
—
-

—
L
wr
E
[
Eoy
-
—
Lot

N

SKI -~
RID 2 1 1
sUC 2 © 3
ST1 1 1
BUB 2113 4
BSW 1 4
Ssw 2 1 12
TWA 1 2
TKI 12 1 . 4
cuA , 1 4 1 1 .7
BIT ] 1 i ' 1
HOU | 1 1. ‘ 1, ' . 3
, 1
4
<«

-
Pl
N
N oW
N w w
—
v —
- —
N
— N —
NNV WD =S N

[N RS CL W
N
—
—
o
—
=~

ROL | . 1
LEP 111 . 01

. e S e an e e W me e e G e e e e W e e e e AR T e T Ak W e e S Ry e 4 e e % em e

Col;lmri 12774242516612114631213 ° 159
total 2 0 4 .0
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Table 24. Transition matrix @f the preceding and following action patterns
from the Similar Age Groups in the 1984 season., =

v = e e e U ew sm v o e e e e W e S e wm MR ey e e w4 e e

) Following action pattegn
4 g y -------------------------------- €
Yo% % % Yoo % % ¥ Yo Yoo Yot % Nt % % % " %

receding JSJIJISSHSSSRBSTTCBHHTFRHORUHSADBL Row
%tion MMSSOUOPKIUSWKHIOBUSOBPOSESSTE total
attern " AAAARPUHIDBWAIATUOMSLUMSLRPWED
JMA 5 4 1 1 1 12
SMA 2 5 5 1 13
JSA 1 A 1 K] 11 1 1 10
SSA 11 1, 3
SOR 1 1 2 . 4
HUP 3 14 1 22 1 1fs
Sou v . 0
SPH 2 Ty e ;2
SKI . 12 2 1 6
RID K 1 1 2 4
BUB 1 1 11 1 1 C 6
SSW 811 4 11 3 131 6 2 4 11 5 22 65
TWA 1 1 1 2 l{;l 1 2 13
TKI 4 381 .1 2417 312 1 38
CHA 1 1 2 1 1 8 14
BIT kY 1 1 5
HOU 1 1 4 i 2 12 12
HBO 13 3 3 1 1 3 15
TUM 2 41 3 1 3 1 3 18
FSL . 1l . o ) ¢ 1
ROL ’ 2, 2626 ‘2 6 5 4 a5
HBU 2 1 & 3
OPM 1 1 2 4 1 1 10
ROS \ 1 422 1 3 1!5 T, 20
HSL o .1 ) 1
SEX 2 . 3 5 -
ASP . ’ 1. 1
BSW 1 1 7 1 _/l 3 211 18
LEP - 21 1 2 1 7
Cofumn 111341115476131511113211150 1 11 355
total 205 3 9292 338 7 08 440

mnt on the preceding action pattern (p<0. 05)

e \




Figure 1.

) o s
. hd *
/
[
’
! N
.. ¢ o
4
|
\(
. ° '
ok
» Ll
~. -
. 4
Location of the study site in Hudson Bay.
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Figure 2, Map of the study site, the Nastapoka River estuary, showing the
) . location of the observation, tower, jthe qdadrats and the water sampling—-
<t stations. ' : . .
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Figure 3.
sampfing stations in the Nastapoka Rivgr estuary.
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Figure 4. Maximum weekly count of belugas in ‘the Nastapoka River estuary.
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WEEKLY MAXIMUM HERD SIZE
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June 30th

July 14th August 11th

Juily 28th _ August 25th

FIRST DAY OF EACH WEEK



7
* -
- . - ‘
. / T & -
/ ¢
v - / ‘
/ ) .
/ *
/a " _"
” l // . R
/ -~
’
’ . £ ’
1 , - ,
, L
! A}
'
K
) -
' +
N ) -
- > M .
f
' .
) . »
* 14
r - . -
S~
'
R
3
5 P
' ) ,

.

Figure 5. Drawings of t
Nastapoka River estuary.
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Nastapoka esyuary during the 1983 and 1984 seasons. ’ : .
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Figures 7a and 7b. Drawings of* action patterns observgd in belugas of the

, Nastapoka River estuary. .
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Fi’iure 8. Representation of the centroids of the activity classes in a
three dimensional graph corresponding to 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 frequer}cies recorded duting
group focal samples (n=37) from mixed age groups in the Nastapoka estuary.
Horizontal lines indicate inter-cluster correlations. -
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Figure 11.

Cluster analysis of action patterns and group encounters based
on the nonparametric (Spearman) correlations of frequencies recorded during
group focal samples (n=45) from similar age groups in. the Nastapoka estuary.

Horizpntdal Tines indicate inter-cluster correlations.
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.. side, swimming

e " - -

ordinary sﬁimming

slow swimming .

typical cetacean
swim

swimming

[

head held above

water (m

blowhole out to
breathe

bl&whole clearing

. water

)

listing

side swimming
L4

Context
or function

&
inactivity

?aptive

rapid swimm%ng '
slow moving hexgs
typical breathing

pattern .

play in adults -

‘(captivity) .

play in immatures
(captivity)

agonistic

L Y
sexual

se§ﬁga

muddy coastal
waters

nursing females '

Physester

catodon

Phocoena

phocoena
¢

Tursiops

truncatus

Inia

geoffrensis

Phocoenoides
dalli

Delphihapterus
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Caldwell et al.(1966)
Parry(1948) !
aParry(1949) _/ !

Layne & Caldwell(1964)

Morejohn(1979)

@

v

Norris & Phescott(1961)

¢

leucas

Physester

catodon

Lissodelphis
borealis +

+

Inia

Preminioviond

eoffrensis
TursioEs.

truncatus
Sruncatys .

Phocoenoides
dalli

Steno

Tursiops

truncatus

t

1"

L N L TRV L S

Caldwel4d et al.(1966)

! -

Leatherwood & Walker(19@3)

Layne & Caldwell(1964)

'

Townsend(1914)

Pyl w?

Tayler & Saayman(iQZZ)

Morejohn(1979) Co
¢ oL

Hamilton(1944)
"

LY

.Yablokov et al.(1974)

Leatherwood(1975)
N

McBride & Kritzler(1951);
Tavolga(1966)
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Appendix, (cont'd). Literature review of action patterns observed in gdontocetes.
SARP N .

o
s

- o > o - - o - - > me e o e e e e o e w oe  e n m e e ——  —  — ———— ——

Action pat:;e%n Context Species Source :
’ P or function ;0
side swimming @ nursing females Steno ~ ' N‘prris & ﬁohl(l980a) \
‘ (captivity) bredanensis ‘ ; ‘
side swimming SRR ,. - ' Stenella - Norris & Dohl(1980b)
‘ . s , longirostris .
N . .o . . . s iKY
side position o ‘s Physeste£ Caldwell et al.(1966)
o : catodon !
side gwimming cdptivity Orcinys -orca Martzﬁez & Klinghammer(1978) .
) i ———-—R\ ===
belly presentation sexual (captivity) Tursiops Saayman et al.(1973)
> « . aduncys .
oy side swimming normal swimming  Platanista Herald et al.(1969)
e . ‘pattern' (captiv.) gangetica - i *
- L P P gangetica .
back swimming locomotor play , Platanistf‘ Pilleri et al.(1980)
N . (captivity) indi A R

. "o, / -+ high speéd chases Jursiops

‘ , ap et al.(1973)
? { . aduncus ¥ v
—

T sexual (males) Inia ayne & Caldwell(1964) s

d eoffrensis .
- 4‘ - — v
" ) - sexual N . e ‘Tayler & Saayman(1972)
& . ‘ , - < o~ . ; )
» ) | \ ' . |
" " (females), ! > Saayman et al.(1973)
. back swimming . Stenella Norris & Dohl (1980b) .
! . ===
. longirostris ) .
* " “ ) lateral action of =~ Tursiops Townsend(1914); Layne &
‘ the flukes truncatus, Caldwell(1964)
by . ® Inia R
j - geoffrensis
- . N . N . >\
belly~up swimming c@ive & wild =~ Orcinus orca Martinez’ & Klinghammer(1978);
' . ’ Salden(1979)
. . .
(" upside down swim - Monodon Silverman(1979)
. * monoceros D |
. back swimming social . '/'ql‘ursiogs ! Wursig & Wursig(1979)
) interactions truncatus X

* d -
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Appendix 1 (cont'd).

e e e e et o0 o et oo e o e o e e e e e = e e e - o e e o o = e = s - 4w m o e o

Action pattern
¢ r‘

Context
or funct;&n

Literature review of action

. 9
e

Species

112

. Source

patterns observed in odontocetes.-

- . .

-(—-——_--——_————_—--———-———- AR M e A e b A me e @R S Em WD s e T M S e e e ws M ETan e MR M Gu GE Y W T m e By WA R Al TR em b Bu e e s A e SR
", '
Yy

back syimming

4

1 .
(with jaws agape)

1t

°

leaping™\

low angle leaps
m\s
fleaping

13}

11 L4

9’

’
8

lunging leap

Z
sounding
X

'sounding <

sounding

breaching -

social betfavior

feeding

agonistic

Jump°wjith head

first/ reentry

captive and wild

fast moving groups

-

in front of
vessels ) P

feeding
(fish herding) —

-

flight reaction
captivity\

3 .
escape behavior

>

breaching

. captivity

. Tursiops

truncatus

?hzseter
catodon

@

Tursiops
truncatus

. v

Tursiops

A

Orcinus orca

o b

Lissodelphis
boraalis

»

Sousa

Phocoenoides
dalli

Delphinus
delphis

Tursiops
aduncus

Physeter
catodon

Orcinus orca

Lissodelphis

borealis

Physeter
catodon

1
~

Orcinus. orca

Saayman & Tayler(1979)

Leatherwood(1975)

Caldwell et al.(1966)

Townsend(1914)

McBride & Hebb(1948); Townsend
(1914); Tayler & Saayman(1972);
Saayman et al.(1973); Wurslg &

Wursig(1979)

Martinez & Klinghémmer(lO;B);

Salden(1979)

Leatherwood & Walker(1979)

Saayman & Tayler(1979)

Morejohn(1979)
Saayman et al.(}972)

Tgyiei & Saayman(1972)
. .

Caldwell et al.(1966)

-

A\

Martinez & Klinghammer(1978)

Norris & Prescott(1961);
Leatherwood & Walker(1979)

,Caldwell et al.(1966) "

Martinez & Klinghammer(1978)
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Appendix 1 (cont'd). Literature

. Py
ol - et W e S n T e e o e A e = R e v b AR M 4R S v S e am e e e W am e e e o  w  — A e e B P M T e e e e . e = e e e e A

Action pattern

----------------------------- -y > e o s e e e e e g T e o S e e e e e e M e e e B e R e e e u W e A e e S e e

backward jump
breaching

qp{ral leap
noisy i!ﬁp

variation of °
leaping

chest slapping
leap and twist

jumping
spinning

breaching

.

belly flop

side slap

Spy pop

1]

pitch poling

rotating in the
upright position

head up positjion ,/( -
Q M M R

&

Context Species

or function

captivity Orcinus orca

. , 1
hJ

- ’ Delphinus

- Tursiops

truncatus

- Tursiops

aduncus

1t

high-speed chases Sousa

Stenella -

slowly swimming "

moderate ;peed

groups .,
rare’ Monodon
- monoceros

- Lissodelphis
. borealis

captivity Orcinus orca

i

°

alerted to danger

Phisete%

catodon

E

"  Globicephala

sacmmoni

captivity Orcinus orca

Monodon
- monoceros

%%Forﬂb& ForQ(lQSl)
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review of action patterns observed in odontocetes.

Source

Martinez & Klinghammer(1978)

A

Pilleri & Knuckey(1968)

{
Wursig & Wursig(lfﬁg)

[
Saayman et al.(lgzﬁ)

Saayman & fayler(1§79)
Hestér et al.(1963)

11 u
Norris & Dohl(1980b)

8ilverman(1979)

’
R

Leatherwood & Walker(1979)

1" 11t

Martineg & Klinghammer(1978)

Ford & Ford(1981)

Caldwell et al.(1966)

Martinez & Klinghammer(1978) .

Silv%rman(197£7/>

3
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Appendix 1 (cont'd). Literature review of action patterns observed in -odontocetus.

o

o L > i
e il bt e Rt b R R LR
Action pattern Context Species Source )
« or function _\_//
lobtailing fee&ing & play LPhysester Caldwell et al.(1966)
" catodon
lobtailing feeding, alarm, ~ Tursiops gilli Norris & Prescott(1961)
prior to extended ° . )
dive -
7 0 .
lobtailing associated with Tursiops " "
escape or sounding aduncus
- U SERe———— »
strike with tail mock-battles dolphins sp. Yablokov et al.(1974)
o (captivity) . . : !
stand on their play (captivity) dolphin sp. Yablokov et al.(1974)
head and strike )
water ﬁ
. * étriking water between short Tursiops Townsend{1914)
with tail dives(cQPtiyity) truncatus ,
tailslap sound emission ° Stenella Norris & Dohl(1980b) ‘
(normal or inverted) longirostris
s
. ‘ «
. back slap slowly moving " " "
- - schools “
head slap most common in " " " :
. moving schools
_— - .
tailslap - most frequent Tursiops Wursig & Wursig(1979)
during disturbancestruncatus
headélap - 1] . . "
tailslaps while initiating social Sousa ‘ Saayman & Tayler(1979)°
on back position interactions )
tailslaps in head " " " "
e down position
fluke bgéting directed at chasiné?ursioés - Saayman et al.(1973)
o' partner (captivity)truncatus .
1 T 1"t "

"o cows refusing
mating attempt
(captivity)
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\ Appendix 1 (cont'd). Literature review of action patterns observed in odontocetes.

P R R R R R R . - - 3--.—-——1---——-'—~;——-—--—~——-—-—--—-—-'————----—-_...,--..-
Action pattern + Context Species Source’ -
4 or function N
fluke beating directed at ca]}f Tursiops Sadyman et al.(1973)
interupting sexual truncatus , .
~ acti\;.ity (captivity) - P
rythmic beating of sexual behavior Tursiops Tayler & Saayman(1972)
the flukes aduncus '
) " aggressive incidents " o, "
prior to a chase ‘
tail slaps feeding, schooling Lagenorhynchus Wursig & Wursig(1980) !
prey fish obscurus
A - \
pedtoral fin slap, captivity Orcinus orca Martinez & Klihglhammer(w?B) '
fluke slap (dorsal -
& ventral) — .
tail lobbing, - sequential " Ford & Ford(1981)
flipper lobbing B '
\ head bobbing agonistic behavior " A "
head jerking play behavior Turdiops . Tayler & Saayman(1972)
. aduncus -
lobtail * upon reentrf of Lissodelphis Leatheryood & Walker(1979)
R _.belly flops and borealis
side slaps )
.smacking tail on prior to a dive Tursiops Lawrence & Schevill(1954)
water (captivity) truncatus
. - °.
fluke slaps extremely rare Inia - Layne & Caldwell(1964)
a geoffrensis '
tail slap, - Monodon . Silverman(1979) .
flipper slap ‘monoceros -
\ , ; ‘
tusk slap - ol " "
P
arching resembling head bob " ' o o
c. . poised vertically - , Globicephala YBrown(:lQGO)
head down...smaking scammoni -
flukes on water 1 .
- 4

—7 .
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Appendix 1 (cont'd). Literajure review of action patterns observed in odontocetes.
.

- s e e o o o ol e e o e e e e o e e e e T a4 = . e Y m dm e e o b e e e oe o om

Action patgern Context . Species Source
; or function ,
mabguerite | around a wounded Physeter Nishiwaki(1962)
individual catodon

formaqfon

* pushing up ]
. reaction

orient théyr
heads together

mouth open
" mouthing

biting

/

open mputh
open mou;h '
mouthing
open mouth
rolling\over
barrel-roll

§f

folling

=)

" threat display "

epi@gletic or care several whale Yablokov et al.{(1974)
giving behavior species
3 ”

captivity /l Orcinus orca Martinez & Klinghammer(1978)

" n

(captivity) —— ' ,

Saayman et al.(1973)

. o, ' [L

] AX1 "

&

sparring and mock: Tursiops

. threats (captivity)adundus

sexual sequences

leaving rake marks
¥ .
agonistic situationPhocoenoides Morejohn(1979)

(with listing) dalli

aggressive behaviorPhyseter
catodon

Cgldwell et al.(1966)

Tursiops ~

truncatus
_——v—-—-————v

precopulatory

Tavolga & Essapian(1957)
(captivityy .

{

threat display to

Tayler & Saayman(1972)
SCUBA divers >

Tursiops

aduncus

captivity Platanista indiPilleri et al.(1980)
‘ A
captivity Inia " Layne & Caldwell(1964)
geoffrensis ‘
T ” Tursiops McBride & Hebb(1948)
» truncatus )
\ ——= ¢
during tussling " Townsend(1914)
(see below) ) ‘ .
used bykcows Tursiops Saayman et al.(1973)
’refuse mating aduncus :
(captivity) ‘
captivity Orcinus orca Martinez & Klinghammer(1978)
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;pj;ndix 1 (cont'd). Literature review of action patterns observed in odontocetes.
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5

Action pattern Context . Species Source
‘ or function
ot o v o0 i o > o e o v e o % A = = > e o = At 0 o e e o P e ——————————
tussling " play behavior ‘Tursiops Townsend(1914)
b truncatus . -
chasing - Monodon — Silverman(1979)
monoceros ‘
" ) _courtship sequencesTursiops Sgayman et ail.(1973)
. feeding activities,truncatus . \
(wild and captive) . . I4
. " L captiwity \ Orlcinus orca Martinez & Klinghammer(1978)€@
. \ ' '
head"butting i " " A
ramming attack situation Physeter Caldwell et al.t1966)
) catodon \
/

echelon formation small individual Lagenorhynchus Norris & Prescott(1961)

using larger one obliquidens
during locomotion L

1'(‘ calf riding on at considerable Ne”gghoc‘aena Pilleri & Peixun(1979) -
back of adult, " speed p asiaeorientalis
peniie erection sexual, Tursiops -McBride & Hebb(1948); Tavolga &
manipulative tool truncatus Essapian(1957); G§ldwell &
: " Caldwell(1972);\Tayler & .
‘ ' Saayman(1972); Pillery et
Iz . al.(1980)
. suckling ‘ captivity " McBride & Kritzler(1951);
r o - Tavolga ‘& Essapian()1957)
T "wild . th‘seter Caldwell et al.(1966)
l ) catodon ‘ ’ ( '
. " captivity DelghinagP_terus Hewlett (1978)
L Leucas
2 V
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* Appendix 2. Catalogue of beluga’ whales identified during the 1983 and 1984

summer seasons at the Nastapoka estuary. -

1D numbér Date  Time  Quadrat Calf Group type: age structure amd

(size) . : ‘other ID (#) in same group

L (w) | 19-07-83 1444 3 Neo - T -

"'(w)  06-07-84 0724 2 . SAG )

y " 1200 3 /2 -

x r 1305 2 /2 -

' 07-07-84 ‘£505 3l 1/2 MAG: 1/2 w 3/4 3/4 2/3|l/2 neo
wl/2wwkl/2 1 e

' . ¥7-07-84 1916 3 1/2  MAG: w+l/2 ww 1/2 2/3

v 18-07-84 1149 3 Weo? - ‘

no T, 1717 P 1/2  MAG: 3/4/1/2

r ) 20-07-84 1102 4 Neo  MAG+SAG?:w w (17) wineo w 1/2

e 31-97-84 1319 ., 2 - Mac

' 02-08-84 1230 4 1/2 MAG: (10) (42)

A 03-08-84 1100 - 3 1/2  MAG

X " 1352 3 1/2  MAG: (31)+1/2 (22)+neo

X 04-08-84 1610 3 1/2  MAG ‘

H  24-08-84 0855 - /2 -

' 25-08-§4 1746 2 1/2  MAG

X 1910 2 1/2. MAG?

L 26-08-84 1455 -3 1/2  MAG N

' 27-08-84 1305 3 1/2  MAG | ’
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Appendix 2 (cont'd). Cataloguel}%)f beluga whales’ identlfled during the 1983

and 1984 Summer seasons at the stapoka estuary.’

- i _l-— -------------------------------------
ID number Date Time Quadrat Calf «G%oup type: age structure and
(size) . other ID (#) in same group
............... T g g e
3 10-08-83 1037 2. -
i (w) 36-07-84 1236 - . Neo MAG: wt2/3 wineo wneo

X 07-07-84 1022 2 . Aloé%\d o

-4t , n 1433 3 Neo  MAG: w+ineo 3/4 1/2 wtneo+2/3
3 (w)o\ 167-07-8& 1505 3 1/2  MAG: wtneo w;-l/2
\ \ZR Lo 22-07-84 1016 1% “mae
{ *B Y 23-07-84 0018 B 2 " MAG ‘
p i gu-07-84 1904 - T -
H 28-07-84 1730 . 3 - MAG: (10)+4neo
, " 31-07-84 1302 2 '1/2  MAG”
' - 03-08-84 1851 2 - MAG
' ~ 04-08784 1610 2 /2 MAG
X '05-08-84 1500 . 2 1/2  MAG
t 08-08-84 0931 3 - ©  MAG: 3/4 wneo w+neo
. X 14-08-84 0920 b - MAG
' S 0935 3 - MAG: 1/2w 2/3°
' S 1312 4 1/2 MAG
\ t ) L 1356 2 . Alone?
' '/’ 1 1501 2 . Alone?
' : v 1938 3 ’ . Alone” | °
; " TN \zooo 4 . Alone? a
by 15-08-84 1135 2»‘ - - ’
1 " 1758 2 1/2  MAG: 2/3 w

119,
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\ Appendix 2 (cont'd). Catalogue of beluga whales identified during the 1983
and 1984 summer seasons at the Nastapoka estuary.

a

ID number Date Time Quadrat Calf Group type: age structure and
) (size) ‘ other ID (#) in same group
2 (ﬂ 16-08-84 1356 2 . Alone?
o A7-08-84 1244 s 12 - o ‘
s X 24-08-84 0855 - /2 - P
: '(w)  29-08-84 1729 2 .- 12 - -
' 30-08-84 1202 2 - -
X 1213 2 - -
F
X v 1451 4 2 -
0 X 1726 3 w»-  MAG?
'y 01-09-84 1110 2 - -
4 (w) 19-07-83 - - - -
e 20-07-83 - - - -
' 121-07-83 0915 - - - - -
' 27-07-83 - 2 - - T
{
BL " 2100 3 - - o
t' o +30-07-83 1008 3 - -
' LY 1655 2 - -
. . ‘ | ? - .
'y 06-08-83 1755 3 - -
Hy 13-08-83 1300 3 - -
)
"' (w)  07-07-84 1034 //z . SAG: (6) w 3/4
40 22-07-84 1023~ 2 . Neo MAG: w 3/4 w 2/3
. ' ' 1737 1 Neo  MAG .
. . A
o L 23-07084 1925 ' 2 Neo MAGHSAG?: 3/4 3/4 2/3 2/3 2/3

Bon 24-07-84 1441 1 N+2/3 MAG ~
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Appendix 2 (cont'd). Catalogue of beluga whales identified during the 1983

and 1984 summ®r seasons at the Nastapoka estuary.

- - - - o = . A e e ) e e M AL AR e SR e e - A e M AP W A% e e m e e AR e Mm e - e e e e e e o e . -

Quadrat Calf Group type: age structure and

other ID (#) in same group ’

o - e o o A Ay ol S G e M W e A M Rm i e G e e b w0 mw A AP Ml W e e 4 e W e B e R e MR e e s e e em e e e e e e e

it

5 (w)

6 (w)

tt

te

7 (3/4)

"
[}
t
[ ]
tt

8 (3/4)

-

&\lg/nuﬁber Date Tiﬁ;
(size)
4 24-07-84 1452

2-7-0f:84 1122
31-07-84 1013
01-08-84 - 1329
05-08-84 1500
06-08:84 0830

12-08-84 1058

05-07-84 1332 MAG / ./////

' T 1726

12-07-84 0742

N
o~

MAG: (22)#4neo

SAG: wwww ; )

MAG+SAG: (15)in sag ﬁ\Q;'

MAG

MAG ‘
/.

- O s Sy e e e e A e P e e e T B e W ey g We e e N e ek mp e e W W AR ) e A e . e e o -
'3

07-07-84 1034
07-07-84 1100

18j07-84 1800

-SAG: (4) w 3/4

SAG: wwwwww (8)

SAGHMAG: (10) (11) (4) neos 1/2s

. SR e e e S e G e Ee W e M G e e MR D G S M ew G A S e S P W e S s B B e e S e e e e e e g R e e e

07-07-84 1034
_31-07-84 1952
06-08-84 1751

24-08-84 0854

25-08-84 0914

31-08-84 1259

02-09-84 0846

, SAG: WWWWWW

SAG: 3/4 3/4

SAG: ww wwww3/4 .

SAG: 3/4 w - .
SAG: Www

SAG: 3brw

- e W S e WS e YN e Wk e WL G G e W Gk e Ty ME ED e 4R S s e W WS 08 B m N e e e A R e e e A T AR N M e M ey B W G e om - e v

07-07-84 1100

12-07-84 0821
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/" Appendix 2 (cont'd). Catalogue of beluga whales identified during the 1983

4 and 1984 summer seasons at the Nastapokanestggry.
ID number Date  Time ' Quadrat Calf Group type: age structure and
(size) . othex-ID (#).in same group
s . 1207-84 073 3 . SAGWAG: w meo 2/3 w neo w 1/2
' 27-07-84 1711 2 . MAG: w 1/2 2/3
;
v 15-08-84 1758 2 . SAG: ww )
X 25-08-84 0914 3 - - ‘ )
g 30-08-84 1441 3 -, -
X ' 1530 2 . SAG: w
—
' 01-09-84 1600 2 . SAG; wwwww
X bg-og-aa 1700 2 SAG: W
9'(w) 07-07-84 1505 3 . SAG: WwwWw ,
10 (w)  19-07-83 - 3 - - : #
X 20-07-83 - 3 - -
0 21-07-83 0941, 2 - -
. f' ! 22-07-83. 19559 2 - ﬁAG: wineo w+neo 2/3 2/3
. e 27-07-83 1921 s - -
oo i36-07-83 ,1008 3 - -
% 31-07-83 0904 4 - - e
¥ oo | 15;6 2 - - ‘
. e 01-08-83 1037 . 4 - - , ,
' x 1124 4 - - A
oot ' 1335 2 - - ' i”ﬂ*ti:>‘ .
" " 02-08-83 1441 3 - - -
' " 1751 2 - -
e, 8%96-05-83 1755 3 - MAG (af

- v v - - - e o fw = n = Y e o A be A e e e b e ey G A e e U SR SR e Y T MY G A S M Mn W Y WY N BT Wv e W b MW A R e
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Appendix 2 (cont'd). Catalogue of beluga whales identified during the 1983
and 1984 summer seasons at the Nastapokacgyfuary

- " - - . > o v G oe R P s S @0 M e A8 B0 G o ww e At e W R e e e = e - Y e = - e B = e e ge G

ID number Date Time Quadrat “Calf Group type: age structure and
. (size) ’ other ID (#) in same group

10’ 08-08-8% 1905 3 - -

" 10-08-83 1145 3 - -

A
" 13-08-83 1030 3 - -
" (w)  12-07-84 0800 3 - G:.w 3/4 2/3 1/2 neo neo w .
1/2 1/2 1/2

" 12-07-84 0821 3 - Neo MAG: w+neo w+neo 2/3 2/3

LA r 0842 3 Neo' MAG: w+neo 1/2 3/4 neo wineo

t t 0846 2 1/2  MAG: (11)+ne£$w+neo .

X 17-07-84 0936 2. Neo MAG: (11)4neo 3/4tneo (16)+neo

' 1/2 2/3 .
e, t 0954 T2 Neo . MAG: 3/4+4neo 2/3 (11)+neo
. (12)+neo (16)+neo .
" 18-07-84 . 1146 3 Neo MAG: wwneo 3/4 1/ w l1/2,ww
Ar Y 1717 - 3 Neo MAG: 1/2 1/2 2/3 3/4+neo (4)
‘ (11)+neo wtneo

' 19-07-84 1857 2 Neo MAG

o 20-07-84 1506 . 2 -

W 21-07-84 1532 1 1/2 MAGHSAG: w w 3/4 1/2 w w3/4

, w 3/4
u 22-07-84 0908 2 Neo MAG: wineo wtneo wneo
‘. 25-07-84 1500 3 - - .

e o 27-07-84 _ 1040 "3 Neo MAG - .

oo 28-07-84 - 1704 1 - MAG: (3) in-.sag?
T+ 31-07-84 1100 .3 - ' MAG+SAG?: (29)mag (17)
) - . Sag: wWw ww
"% 01-08-84 1449 1 - Alone?
" v 2 - - MAG?

P -+ 02-08-84 « 1230 4 - MAG: (42) (1)+1/2

3
@
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Appendix 2 (cont'd). Catalogue of beluga whales identified during the 1983
and '1984 summer seasons at the Nastapoka estuary.

- - g~ e o - M S e M Bn e e G em TS bm e e G S e b e AR S e e e e T WM L e me e G e v e MR e e S M W vm s AR PR TR W e e YE W e s e An b N e

ID number Date Time Quadrat Calf Group type: age structure and
(size) \ other ID (#) in same group
10 . 7"@36535;"'1555"'"_"5 """ Neo  MAG: (22)
" 1 05-08-84 1600 3 - Mg (31)%1/2 )
' 07-08-85 1055 2 - MAG
" . 12-08-84 1116 3 - MAG?
", X 1214 2 - -
r v 2038 2 - e
'’ 14-08-84 0935 2 - MAG: (3i)+1(2 )
H 15-08-84 1758 2 . Ttw
" 16-08-84 1504 .-
' 17-08-84 1000, -3 . SAG: w
t ’ r 1759 - 2 . SAG?: www
11 (w) 12-07-84 .0845 2 Neo MAG: wt+neo (10)+ned ' ‘Q
v - 17~-07-84 h 0954 ;) ﬁeo MAG: 3/4+neo 2/3 (12)+neo

g ; . . (10)+neo (16)+neo
" ' ‘ 1500‘ -1 Neo  MAG: 3/%4+neo w+neo w+neo
" ) i8-07~84 1318 2 Neo . MAGHSAG: w+neo wineo+2/3 3/4 w
" " 1800 3 - e MAG: (6) (1;)W(Y1)
o 19-07-84 1310 L - we
oo 30-07-84 1046 4  Neo  MAG

. _ B 7 .

' v 1547 4  Neo  MAG+SAG: ww w ww
U 31-07-84 1100 3  MAGHSAG: w w w w (10) (29)$L‘i)
'y e 1959 3 1/2  MAG: (28)+1/2 (22)4neo
" ’f © 01-08-84 1233 3 Neo MAG: (30)+1/2 ‘
' . 11-08-84\ 0900 5 . YSAG: wWwWwWwwWW .

- e - e — - o - o -
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Appendix 2 (cont'd). Catalogue of beluga whales ideptified during the 1983
and 1984 summer seasons at the Nastapoka estuary. !

v 01-08:84

ID number  Date Time _ Quadrat Calf Group type: age structure and’
(size) , other ID A#) in same group
11 02-09-84 0846 2 Neo MAG: (12)+neo
12 (w)  17-07-84 . 0954~ 2 Neo MAG: 3/4+neo 2/3 (10)+neo
(11)4neo (16)+neo
te 18-07-84 1318 3 Neo MAG: 2/3 2/3 1/2 wineo 1/2 neo
2/3
" " 1822 2 - MAG; w+neo
~ . )
" . 03-08-84 1002 3 Neo MAG
X L 1651 2 Neo MAG '
" 02-09-84 0846 2 Neo  MAG: (11) i
o f

14 (3/4) 17-07-84 1916 3 SAG: 3{4 W w w w
teo 22-07-84 1737 2 - -

———————— .'--..-..------—--—.-—-..--——————-———---——-——-—-.———-—----—:3‘-—-——
15 (w) 19-07-84 1857 2 SAG: w'w
" 20-07-84 1120 2 - - :
e 31-07-84 1101 2 . SAGtwwww
X BEERRY 1245 ks DU
ve " 1532 1 SA&: ww
't 22-07-84 0908 2 . SAG: w w "
L " 1737 2 " SAG: ww W
v 27-07-84 1122 3 . SAG: ww

R a .
H oon 1725 *1 . " SAG: ww -
e 31-07-84 1013 3 . SAG: 3/4 w ’ e

v N 1319 2 . SAG: ww
oo " 1935 2 SAGHIAG: w wineo

T W U D e G0 NE e G h e N G A S e S e T v e e S SR SR G G e W O M MR T PR e e W T R LD S G R S e G A T M M s B SR e e N G e e me R e =
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Catalogue 6f beluga whales identified during the 1983
and 1984 summer seasons at the Nastapoka estuary

\

. e . an o e e = s e e e T e e = e e - e o = R el

/ID number
(size)

Date

Time

Quadrat Calf Group type: age structure and
other ID (#) in same group

- e e s e 4 e e A e e g e et S e e A o S G e e e S e e e Mm e e R e -
- - T e wm e am v e on e e e e W mn e e

L]

tt

it *

20-08-84
23-08-84

30-08-84

Tt

01-09-84

02-09-84

20-07-83

27-07-83

1233
1900
0831
1159
1444
" 1504
-0900
0938
0957
1020
-1045
1400
4
1530
,71218
11531
1320
N

SAG:

SAG:

SAG:

-
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Appendix 2 (cont'd).

and 1984 summer seasons at the Nastapoka estuary.

Quadrat Calf Group type: age s

e e = = e - . e om Y Am - A OW = o oy B = = v = = e - —— = - ——— -

s 34+l %2/

v

Catalogue of beluga whales identified duming the 1983

" ID number Date‘A Time
(size) . '
16 (w) 17-07-84 54
I} 1t 095
- ' 9-07-84 1857
(7 1
N ' 24-07-84 1904

17 (v)  02-08-83 1751
o 12-08-83 1307
X 13-08-83 0958
'} (W) 18-07-84 1559
X X 2110
X 20-07-84 1826
A 31-07-84 1532
ot 22-07-84 0908
RRE 28-07-84 1715
W 310784 1107

. v s
x 01-08-84 1329
e " 1449
' ay 1758
" 31-08-84 0950
X X 1238

’ 1320

18 (w) 1@-07-84 1559

R e Tt
cture and

other ID (#) in)same group

SAG:

"SAG:

SAG:

SAG:
SAG:

SAG:

110)

eo

(11)4neo (12)+neo

: 2/3

! wineo wtneo

W

h

—---—---‘----9 ----------- TP v am o e e e e W T s e e T e T Y SR T G % W e e A D e O e e e e e e W e - vn
- < . " -

I's
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Appendix 2 (cont'd). Catalogue of -beluga whales identified during the 1983
and 1984 summer seasons at the Nastapoka estuary.

e . - T - S . = = = - S v G e = e vm -y = e e M fm e e e 4 M A e wm e e e e e e T e e A e e T e = e We YR b v e e WE o W W o e e

ID numbér  Date Time Quadrat Calf Group type: age structure and
(size) ° other ID (#) in same group
s 20-07-84 1457 2 - s
19 (3/4) 22-07-84 1737 2 - - |
X 25-07-84 1627’ 2 - MAG
i " 01-08-84 1721 2 - -
x 03-08-84 1437 3 - SAG: 1/2 1/2 1/2
20 (3/4) 25-07-84 1510 . 3 . SAG: 3/4 3/4 3/4
X 04-08-84 1233 ° 3 . SAG: ww 3/4 3/4
' 06-08-84 0830 3, . SAG: 3/4°3]4 3/4
t ' .1810 4 . SAG: 3/4 3/4 ww w
e 15-08-85 1505 2 . SAG: 3/4 3/4 3/4
' " 1758 - . SAG: 3/4 3/4 3/4 ¢
"’ " ™ 1900 3 - - o
' 29-08-84 1428 3 . SAG: 3/4 3/4 3/4 ..
¥ 30-08-84 1200 2 . SAGrwww w4
X T ~1441° 3 - - {' )
' ' 1459 2 .- SRG: 3/4 w w
A ' 1726 4 . QAG: ww
'y 31-08-84 1501 3 - -
X ¥ 1602 3 . SAG: ww w 2/3 34 '8
oo 02-09-84,0846 2! . SAG: 3/4 3/b v w
O A S S
21 (3/4) 12-07-84 - 0821 g . SAG: ww
vy 24-07-84 1515 w3 - - S

8
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Appendix 2 (cont'd).

4

Catalogue of beluga whales identified durlng the 1983

and 1984 summer seasons at the Nastapoka estuary.

o

TAL
o - e .y v o= = o = m o S e e P S v o e B e e o S 0 = o ot v e o i - - -

~Quadrat Calf

. ID number Date Time Group type: age structure and
(size) i other ID (#) in same group
22 (3/4) 24--07-84 1452 S
' 31-07-84 1506 3 Neo COUPLE
" vt 1643 3 Neo MAG: (30)41/2 ,
e " 1959 3 Neo  MAG: (11) (28)
H 01-08~84 1329 3 Ne; MAG: (31;
' > bt 1449 2 Neo  MAG: w+neo
X X 1512 3 Neo MAG: (30)+1/2
" - 02-08-84 1036 2 Neo  MAG: w+neo
v X 1130 3 Neo  MAG: (30)41/2 &
)P
“ i 1244
v 03-08-84 1352
" " 1659
o 06-08-84 #0959
' 07-08-84 1055
o 16-08-84 0928
23 (w) 24-07-84 1555
" : " ' 1834
v 26-07-84 i238
" g 27-07-84 1711
" 30-07584 1026
" ' 1033
" 31-07-84 1100
" " 1935

4 Neg/ﬂ/ﬁAG:
/

\\ 3 /&eo
3 -
3 Neo
2 Neo
3 Neo
3 -
3 Neo
. B
4 -
4 Neo
[l 3 -
3 Neo

(32)+1/2

MAG: (1)+1/2 (31)+1/2
MAG: (10)4neo

MAG * -,

COUPLE

MAG

MAG?

MAG: 3/4

MAG: w+1/2 wtl/2

. MAG

T MAGs (11)

MAG
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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  Time Quadrat Calf Group type: age structure and

(size) : other'ID (#) in same group

23 . 16-08-84 1504 2 Mo mc - <

' 20-08-84 0908 3 Neo MAG: 2/3 .

" 25-08-84 1254 3 Neo  MAG: 2/3 |
_____________________ P e e m e m e m e

24 (w)  06-08-83 1743 3 - -

' 08-08-83 . 0745 3 Neo  MAG: 1/23\/a

e 12-08-83 1000 3 Neo - '

e .ot 1325 2 Neo -,

' 13-08-83 1013 3 Neo -

e e 1715 3 - - ’

"o(w) :12-07-84 0831 - (Q .- MAG: neo w. w neo w 3/4\2/3

X 24-07-84 1515 1 roL ’

' A N 15{.5\ 3 1/2 MA/G: (30)+1/2 .

T T T T T T T T T T T S e T T TS TR

25 (w) 17-07-84 1916 3 Alone .

X 25-07-84 1510 3 . SAG: ww w D / |

' 28-07-84 1715 3 SAG:L wrw w w

26 (w)  24-07-84 1521 1 - - ’

’H 25-07-84 1120 3 - MAG?

X ' 1306 3 Neo MAGP1/2 wineo 2/3 1/2 wineo

' 30-07-84 1340 4 Neo  MAG

" ' 1345 4 - MAG

' QI:M-SA 0935 2 - MAG, '

" 05-08-84 1500 3 - saG: 3/4 314 2/3




Appendix 2 {cont'd).
and 1984 summer seasons at the Nastapok estuary.
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Catalogue of beluga whales identified during the 1983

- . e o - - - > s g i P MO Gt i e e v S e an o m m am  fo  Gw t G S Gn  — an a a a Awh a

A AP Me gm e - o g - - oh - o S v o A e Aw W e e ) ek e Oy e e e Ma e M e M e g e e e e e an e e e

Group fype: age structure and
other ID (#) in same group

Mo - e v . e e e n . P AR s e s = e ES am W A S e e e e e R B e e A e e S Y R e e s s w3 Gw mm m dm e A e e ae e

. . - . - WA o e B S e o v e e T A e e R s e e R Gm S e e s o T e e e e R = e e G e Yt e e e e e A A

MAG: (11)+1/2 (22)

MAG: w+l/2 3/4

-y e e e e e e T e W S Mo S e e e O e G e e T S e e e et A e R e M e e e T e v e e

ID number  Date Time
(size)

26 22-08-84 1854

- 27 (2/3) 31-07-84 0935

. 28 (3/4) 31-07-84 0935
o H . 1959

. ’ " 20-07-84

‘o 01-08-84 1721

o 6@-03-84 1226

- e 19-08-84 0709

o 30-08-8B4 1300

X 01-09-84 1700

20‘(5/4) 24-07-84 1521

" 31-07-84 1100

" 31-08-84 1315

e 01-09-84 1100

30 (w)  24-07-84 1549

tr T 31-07-84 1643

" 01-08-84 1233

L ' 1552
" 02-08-84 1130,

c " 05-08-84 1311
oo 06-08-84 1231

Quadrat

3
»
5
3 -
3 1/2
3 1/2
3 Neo
3 Neo
3 Neo
z.z -
1T -
3 -
3 Neo
2 1/2
3 1/2
3 1/2
3 1/2
3 -
2 1/2
2° Neo
LN

2 Neo

MAG: (24)+1/2

MAg: (22)4neo
«COUPLE ‘

MAG: (32) (33)+1/2
MAG: (22)4neo

MAG: (35)+neo’
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Appendix 2 (cont'd). Catalogue of beluga whales identified during the 1983
and 1984 summer sefisons at the Nastapoka estuary.

+

e S S

ID number
(size)

32 (w)

33 (w)

{

35

t

36 (3/4) 06-08-84

(w)

.

Ry

Date Time Quadrat Calf Group type: age structure and
other ID (#f) in same group
"""""" o1-08-84 1329 3 - e (@meo

03-08-84 1352 3 1/2 MAG: (1)#1/2 (22)+neo

" 1445 3. 1/2 MAG: wHl/2. ' \
Bs-oa-ah 1600 3 1/2  MAG: (10)
06-08-84 1518 2 1/2  MAG? ‘
14-08-84 1458 2 1/2  MAG o
01-09-84 1305 2 /2 -
01-08-84 " '1552 3 - MAG: €30)+1/2 (33)+1/2
02-08-84 1114 3 - MAG: (33)¥1/2 - -

ty 1230 3 1/2  MAG

X 1244 4 12 MAG: (22)+1/2
01-08-84 1503 3 - -
62-08-8& 1114 3 1/2 MAG: (32)
05-08-84 1311 2 Néo MAG: (30)+neo

' 1602 2 Y2 MAG ‘

ot 1923 3 - MAG? . Fa\
06-08-84 0904 2 Neo MAG )
-
18-08-84 0825 3 Neo MAG
31-08-84 1315 3 Neo - °
1017 3 - MAG ) ’

17-07-84 2115 2 - MAG: (32)+neo w 2/3

o T - - o W . M v . A P o e W o W A S TR o A G W e b M A S e P G WP AT e A S D M e e Y R T AN Ry M A s o A e

(w)
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Catalogue of beluga whales identified during the 1983

and 1984 summer seasdns at the’Nastapoka estuary.

. - - - - - " b v - - - = -~ i~ - " em = T T - " = - > > Y . - . -

ID number _ Date Time Quadrat Calf Group type: age structure and
(size) other ID (#) in same group
3 ob-0s-84 13 3 Neo e 7
" 06198-8& 1116 Neo  MAG: w+neo
X Y 1353 Neo  NAG: 3/4 2/3 ‘
L 30-08-84 1517 Neo  MAG
' 31-08~84 1259 - - '
" 02-09-84 1100 Neo Mag P
38 (3/4) 03-08-84 1651 ’ SAG: www 3/4 3/4 ]
' 12-08-84 1043 - -
" " 1130 - MAG?: (4)
They
39 (3/4) 08-08-84 0947 - MAG? ’ ) o
" 10-08-84 1717 . SAG?: w
' 12-08-84 '~104$ SAG: w ww 3/4 3/4
t " 1240 ) SAG?: (40) \ .
" v 2038 - - o
" 14-08-84 0935 - - ¢
" 15-08-84 «0?33. SAG?: w W a
" " Jo1s Y- -
" 16-08-84 0928 - MAG
' Lo 1025 - MAG
"o, 17-08-84 1000  _ . SAG: 3/4/ 3/4 3[4
o 26-08-84 1701 Ne&' MAG? ‘
' 30-08-84 1300 . SAG: www 3/4 .
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Appendix 2 (cont'd). Catalogue of beluga whales identified during the 1983
and 1984 summer seasons at the Nastapoka estuary.’

15 mmber Date | Time  Quadeat Calf Group type:s age stracture and -
(size) . l other ID (#) in same group

3 31-08-84 0950 s sae: 3faw
K ' 1913 2 . sAG: w

H 02-09-84 0931 3 - gAG

40 (w)  12-08-84 ,1240 - 3 - SAG: (39)

41 (1/2) 30-08-84 1441 3 ¢ MAG? <

' 31~08-84 1045 3 . MAG? -

' v 1013 T o

' 02-09-84 0846 2. . MAG 7

42 (1/2) 31-07-84 1302 2 . MAG

e ' 1314 4 . UMAG: w

' 01-08-84 1329 3 . MAG: w 7

1og 02-08 1230 4~ . MAG: (10) (M)+1/2

" 17-08-84 1230 3 L. S |

43 (neo) 03-08;84 1336 3 . MAG: w g .

st 06-08-84 ~ 0830 2 . MAG: ‘w

4h (w) | 24-08-84 0854 4 - .  SAG

" 27-08-84 1824 . 3 S -

it ° . 20-08-84 0813 4 . SAG: 3/4

K ' 1300 2 - -

v 30-08-84 1020 2 1/2  MAG?

' e 1300 2 Neo? MAG? -

e Ot -
. ‘
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Appendix 2 (cont'd). Catalogue of beluga whales identified during the 1983
and 1984 summer seasons at the Nastapoka estuary. )

'
- e . e v E A e e O e Y G M e U A . e e e e e Mw SB T W mn G e S b OB e Py e M e B S B e W e S e e W S R AR e ) W e

ID number  Date Time . Quadrat Calf Group type: age structure and
(size) other ID (#) in same group
s 31-08-84 1501 2 - -
t " 1530 . 3 . SAG:W w W
' . 1602 4 - -
" o 1913 4 - -, )
’ &
' 02-09-84 1610 2 - MAG
45 (3/4) 12-08-83 1010 3 Neo -
. . -
' t 1310 - Neo - »
't (L3/4) 25-08-84 1500 - - - ‘
‘" 26-08-84 1448 2 - -
- 46 (w) 02-09-84 1702 2 - MAG
. {
» b ]
4
) N




