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ABSTRACT 

Fraker, M.A., C.D. Gordon, J.W. McDonald, J.K.B. 
Ford, and G. CanDers. 1979. White whale 
(Delphinapterus leucas ) distribution and 
abundance and the relationship to physical 
and chemical characteristics of the Macken
zie estuary. Can. Fish. Mar. Serv o Tech . 
Rep. 863: v + 56 p. 

Between 18 June and 11 August 1977, the dis
tribution and abundance of white whales (De lphin
apterus leucas ) were studied in relation to water 
temperature, salinity, turbidity, depth, and shel
ter from wind of the estuary of the Mackenzie 
Ri ver. 

The water column in the study area was usually 
homogeneous Mackenzie Ri ver water to a depth of 
3-5 m. Beyond this, a wedge of freshwater, which 
grew gradually thinner seaward, overlay the denser 
sea water. 

General warming of the estuary occurred from 
early July to early August, after which there was 
rapid cooling. The warmest temperatures (20.50C 
maximum) were in shallow «2m) nearshore areas. 

Salinity at all depths generally increased 
duri ng the course of the study, and turbi dity 
decreased. These resulted from lowered river 
flows following freshet. 

Prevailing winds are from the northern quad
rant. Under such conditions, Shallow Bay is 
sheltered and the eastern parts of Niakunak and 
West t~ackenzie Bays are moderately sheltered. 

The first whales in the estuary were observed 
on 30 June. Numbers increased rapidly and peaked 
on 8 July with an estimated 3820 whales. Numbers 
remained high until late July, but declined to 
nearly zero in the first 10 days of August. The 
highest densities were observed in Niakunak Bay. 

Early in the season, most whales in East and 
West Mackenzie Bays appeared to be transients, en 
route to Niakunak Bay. After mid-July, many whales 
periodically moved out into West Mackenzie Bay . 
Most of these apparently came from Niakunak Bay; 
others probably came from Kugmallit and East 
Mackenzie Bays. 

The concept of concentration areas is dis
cussed in the context of location, duration of 
use by whales, and behavior of whales. The Niak
unak and Kugma 11 it Bay a rea concentra ti on areas 
are used more consi stently and by 1 arger nUnDers 
of whales than the area in West and East Mackenzie 
Bays. The main period of use of concentration 
areas is the month of JUly. 

A previously undescribed social behavior is 
reported. Whales in concentration areas were 
frequently observed in small groups which often 
were pract i call y moti on 1 ess . We have termed thi s 
behavior gamming, and the groups of whales, gams. 
Gamming implies a social significance to the con
centration areas. 

Large numbers of whales occasionally occu
pied parts of East and West Mackenzie Bays which 
had previousl y been termed intermittent-use areas. 

i v 

Probable feeding was observed in the deeper (>5m) 
parts of West Mackenzie Bay. 

Warm water temperature appears to be the 
main factor governing the distribution of whale 
concentrations in the estuary. Water depth, sa l
inity, turbidity, and shelter from rough water 
appear to be unimportant. Thus the hypothesis of 
Fraker et al. (1978) that whales of all ages and 
both sexes use the estuary for the thermal advan
tage it affords has been supported. There was no 
apparent relationship between whale distribution 
and wave conditions, and thus a secondary hypothesis 
that the whales were also seeking shelter was not 
s upported. 

Although some calving probably does take place 
in the Mackenzie and other estuaries, some cal vin g 
also occurs outside the estuary in cold, oceanic 
waters. The overall observations are consistent 
with Brodie's (1975) hypothesis that tile migrations 
of many species of whales to warm water areas serves 
to conserve energy for all classes. 

Key words: aerial surveys; behavior; oceanography; 
water temperature; salinity; turbidity; 
waves; Beaufort Sea; timing; hYGrocarbon 
exploration. 

RESUME 

Fraker, t·1.A., C.D . Gordon, J.W. McDonald, J.K . B. 
Ford, and G. Carrbers. 1979. White whale 
(De l phinapterus le ucas) di stribution and 
abundance and the relationship to physical 
and chemical characteristics of the Macken
zie estuary. Can. Fish. Mar. Serv o Tech. 
Rep. 863: v + 56 p. 

Entre 1e 13 juin et le 11 aout 1977, 1es 
auteurs ont etudie la repartition et 1 'abondance 
du beluga (Delphi nopterus leucas) en fonction de 
la temperature, de la sa1inite, de 1a turbidite 
et de 1a profondeur de s eaux de l'estuaire du 
Mackenzie, ainsi que de 1a direction du vent. 

Dans 1 a zone etud i ee, l' eau, general ement 
homogene jusqu'a 3 a 5 metres de profondeur, 
provenait du Mackenzie. Au-de1a, un coin d'eau 
douce, de plus en plus mince a mesure que se 
rapprochait 1a mer, recouvrait l'eau salee, plus 
dense. 

L'estuaire s'est rechauffe du debut de 
jui11et au debut d'aout, apres quoi i1 s'est 
rapidement refroidi. Les temperatures 1es plus 
elevees, 20.5° C au maximum, ont ete enregistrees 
dans 1es zones situees pres du 1 ittoral, a une 
profondeur inferieure a 2 metres. 

Durant 1 'etude, la sa1inite a genera1ement 
augmente a toutes 1es profondeurs, tandis que 1a 
turbidite a diminue. Ce1a vient de la baisse du 
debit du fleuve apres 1es crues. 

Les vents dominants etant du nord, la Shallow 
Bay s'en trouvait protegee, et 1a partie est des 
baies Niakunak et West Mac kenz ie 1 'etait moderement. 

La presence des belugas a ete sig na1 ee pour 1a 
premiere fois 1e 30 juin. Leur nombre s ' est accru 
rapidement pour atteindre un maximum d 'environ 3820 



le 8 juillet. 11 est demeure eleve jusqu'a la fin 
de juillet, pour retomber presque a zero au cours 
des 10 premiers jours d'aoOt. Les densites les 
plus fortes ont ete dans la Niakunak Bay. 

Au debut de la saison, la plupart des belugas 
vus dans les baies East et West Mackenzie semblaient 
en route vers la Niakunak Bay. Apr~s la mi-juillet, 
beaucoup d'entre eux passaient periodiquement dans 
la West Mackenzie Bay. 11s venaient sans doute 
principalement de la Niakunak Bay et le reste, des 
baies Kugmallit et East Mackenzie. 

La notion de zones de concentration se caracte
rise par le lieu et la duree de sejour des belugas 
et leu r comportement. Les baies Niakunak et 
Kugmallit ont ete systematiquement plus occupees 
que les baies East et West Mackenzie, les zones de 
concentration sont occupees principalement en juil-
1 et. 

Les auteurs signalent un comportement social 
non releve jusqu'ici. En de nombreaux cas, les 
beluga s situes dans ces zones de concentration se 
sont groupes en petits troupeaux pour demeurer 
quasi immobiles. Ce comportement, qui a re~u le 
nom de gamm ing, et l es groupes ainse form~s 
celui de gams , rev~t une importance sociale 
dans les zones de concentration. 

De temps en temps , les belugas se sont concen
tres dans des secteurs des baies East et West Mack
enzie, precedemment classes comme zones d'occupation 
intermittente. Certains se sont sans doute alimentes 
dans les eaux de la West Mackenzie Bay (>5 m). 

L'elevation de la temperature des eaux semble 
etre le principal facteur de la repartition du 
beluga dans l'estuaire . La profondeur, la salin
ite et la turbidite des eau x ainsi que la tran
quilite des eaux tiend raient un role secondaire . 
L'hypothese de Fra ker et al. (1978) selon laquelle 
le beluga, independamment de son sexe ou de son 
age, sejournerait dans l'estuaire en raison du 
rechauffement de ses eaux se trouve ainsi renforcee. 
Rien n'ayant permis d ' affirmer qu'il existait une 
relation entre sa repartition et l'etat de la mer, 
l' hypothese qui veut que l' animal recherche les 
eaux tranquilles n'a pu et re verifiee . 

Bien que la beluga mette sans doute bas dans 
des estuaires, notamment dans celui du Mackenzie, 
il arrive aussi qu'il le fasse plus au large, dans 
les eaux froides de 1 'ocean . Les presentes obser
vations s' accordent dans leur ensemble avec 
1 'hypoth~ se de Brodi e (1975), selon laquelle bon 
nombre d ' esp~ce s de baleines migreraient dans 
les eaux chaudes pour limiter leurs depenses 
d'energ i e, independamment de leurs classes d'age. 

Mots-cles : releves aeriens; comportement; oceano
graphi e; temperatu re de l ' eau; salin
ite; turbidite; vagu es ; Beaufort Sea; 
ca lendri er; recherche d'hydrocarbures . 

v 



INTRODUCTION 

Each summer, large numbers of white whales 
(DeZphinapterus Zeucas) migrate to a few specific 
river estuaries in arctic Canada. One of the 
largest concentrations occurs in the Mackenzie 
River estuary, the only known concentration west 
of Prince of Wales Island. In addition to being 
an i~portant part of the marine fauna of the Mack
enzie region, this white whale population supports 
an Inuit harvest of about 150 animals per year. 
The harvest not only provides a winter food supply, 
bur also allows native persons to maintain an im
portant part of their cultural identity. 

Over the past seven years, hydrocarbon explor
ation has been taking place in the Mackenzie 
estuary, and will likely continue in the foresee
able future. Since the first offshore exploration 
began there, considerable concern has been ex
pressed about the implications to white whales. 
In 1977, the Commissioner of the Mackenzie Valley 
Pipeline Inquiry, Mr. Justice Thomas Berger, pro
posed that a sanctuary be created in Naikunak Bay 
to protect the whales from any adverse effects that 
oil and gas exploration and development might have. 

Prior to 1972, re latively little was known 
about white whales in the Mackenzie estuary. Since 
then, studies conducted by F.F. Slaney & Company 
on behalf of Imperial Oil Limited (Slaney 1973, 
1974a, 1975a; Fraker 1976, 1977a, b), by the Arctic 
Biological Station (Sergeant and Hoek 1974), and 
by the Beaufort Sea Project (Fraker et al . 1978) 
have provided some insights into numbers, distri
bution, movements, and behavior of the species in 
this area. However, because of year-to-year 
variations in both the behavior of the whales and 
the environmental conditions of the Beaufort Sea, 
many gaps remain in our understanding of the 
patterns of distribution, abundance, and movements 
and of the role underlying environmental factors 
in determining these patterns. 

Similarly, little was known about the ocean
ography of the Beaufort Sea prior to 1972. Since 
then a number of studies have been completed with 
support from members of the Arctic Petroleum Oper
ators' Association and government (e.g. Herlin
veaux and de Lange Boom 1975; Reed and Sater 1974). 
As a part of environmental studies related to off
shore exploration drilling, F.F. Slaney & Company 
has conducted oceanographic studies in the Macken
zie estuary (Slaney 1974b, 1975b; McDonald and 
Martin 1976). While these studies have contributed 
to a general understanding of the estuary, they 
have not dealt with Shallow, Niakunak, and West 
Mackenzie Bays, nor were the studies designed to be 
timed or conducted in sufficient detail to be re
lated directly to particular distributions of 
white wha 1 es. 

The present study had two principal objec
tives: first, to make detailed observations of 
the relative abundance, distribution, and move
ments of whales; and second, to conduct detailed 
oceanographic surveys with simu ltaneous aerial 
whale surveys in order to relate whale distribu
tion to aspects of the physical and chemical en
vi ronment. 

STUDY AREA 

This study focused on Niakunak Bay (Fig. 1), 
the area proposed for a white whale sanctuary by 
Berger (1977). In order to gain an appreciation 
of patterns of movement and a comparison between 
areas, the study also included Shallow, West 
Mackenzie, and East Mackenzie Bays. This also 
preserved the continuity of previous and concurrent 
studies (Slaney 1973, 1974a, 1975; Fraker 1976, 
1977a,b). 

The outflow of the Mackenzie River is the 
dominant influence on the chemical and physical 
characteristics of the waters of the study area. 
The river drains some 1,800,000 sq km of the 
Northwest Territories, the Yukon, British Columbia, 
Alberta, and Saskatchewan. Its discharge at 
Norman Wells, about 600 km south of the study 
area, is minimal in mid-April and maximal in June -
July when the vol ume reaches an average of 1.5 -
2.0 x 104 m3/sec (Anderson and Mackay 1973). 

There are three main channels which carry 
water through the Mackenzie Delta; the Peel, 
Middle, and East Channels (Fig. 2). Middle Channel 
carries about 85% of the total Mackenzie River dis
charge (Davies 1975), and it separates near Tununuk 
into Middle Channel (25% of total), East Channel 
(28% of total), and Reindeer Channel (32% of total). 
Most of the final Middle Channel flow (17 of the 
25%) is carried by Kumak Channel into East Mack
enzie Bay near Kendall Island. All of the East 
Channel flow empties into Kugmallit Bay, and all 
of Reindeer Channel flows into Niakunak and 
Shallow Bays. 

The Mackenzie River estuary lies within the 
continental shelf zone of the Beaufort Sea and 
is extremely shallow. Most of Niakunak Bay, the 
focus of the study, is less than 2 m deep, and 
the greater part of the study area is less than 
10 m in depth (Fig. 3) . The sea floor in the 
study area is composed of sediments of small 
particle size, mainly silt with some sand and 
clay (Pelletier 1975). Pelletier and Shearer 
(1972) estimate a sedimentation rate of lm/100 
years for flat areas of the Beaufort Sea contin
ental shel f. 

Ice covers the study area for 8-9 months 
each year. Break-up comes in June and freeze-up 
in September or October. The entire area is in 
the region of stationary landfast ice. Break
up in the Mackenzie estuary results from the 
combined actions of the relatively warm river 
discharge water, radiant heating from 24 h/day 
of sunlight, and the break-up of the southern 
Beaufort Sea (see Marko 1975). 

During the open-water period, the overall 
pattern of currents in the estuary results largely 
from Mackenzie River discharge, upon which is 
superimposed the Coriolis effect caused by the 
Earth's rotation. Outside of the study area, 
the Beaufort Sea circulation is clockwise with 
mean velocities of about 4 cm/sec (Herl inveaux 
and de Lange Boom 1975) . Winds complicate general 
flow patterns in the estuary and can cause large 



Study Area Boundary, r977 

Wh ite Whole H iQh- Use Area. 

(oft.r Froker . 19770) 

D Concentration Area 

D Int@rmitt.nt- Use Area 

::::::::- Trave l Rau te 

Boundary 01 Proposed White 

Whale Sanctuary (after 8er'ller,1977) 

RICHARDS 

ISLAND 

o , • 6 , :0 .. : 
. ! ! I :Isd 

i i i I 
o 2 • :0 ... ., 1(" 

Fig. 1. The 1977 study area, white whale high-use areas, and proposed white whale sanctuary boundaries, 
Mackenzie estuary, N.W.T. 

N 



3 

MACKENZIE 

BAY 

Hooper 

~d ,. 

Pullen 

\0s'tani:! 

Fig. 2. Generalized distribution of Mackenzie River outflow through channels of the 
Mackenzie Delta, N.W.T. Percentages indicate the approximate proportion of 
the total Mackenzie River discharge carried by various channels based on 
Davies (1975) and Slaney (1974b, 1976a,b). 
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eddies (Slaney 1975; McDonald and Martin 1976). 
The warm, fresh Mackenzie Ri ver outflow has its 
greatest effect on the chemical and physical 
oceanography of the estuary in late June and 
early July when river flows are maximal. Because 
of the Corio1 is effect, there is a generally 
northeastward movement of surface discharge water 
at about 50 cm/sec (Figs. 4, 5). The result is 
that Mackenzie River water tends to move along 
the Tuktoyaktuk Peninsula and relatively cold, 
clear Beaufort Sea water tends to intrude into 
the study area from the west. However, strong 
easterly winds can have a large enough effect to 
cause a temporary northwestward movement of water. 

Lunar tides throughout the southeastern Beau
fort Sea are small, with a range of only 0.1 -
0.3 m (Huggett et a1. 1975). However, strong 
northerly winds can cause large increases in 
water level, which are termed storm surges or 
wind tides, when Beaufort Sea water is blown 
toward the coast and is funneled into channels 
and bays. In 1970, a severe storm surge, of sllch 
magnitude to have an average return period greater 
than 25 years, caused an increase of 3.3 mat Tuk
toyak tuk where 1 ow-1yi ng roads and bui 1 di ngs I'lere 
inundated. Smaller surges of up to 1 m occur on 
an average of once or twice a year (McDonald and 
Martin 1976). 

Water temperature usually increases until 
August over a large part of the estuary. A var
iable range of surface temperatures (about 0° to 
18°C) and salinities (10/00 to 250/00) can be ex
pected in June, July, and August in the study area, 
depending on several factors which include the time 
of retreat of the ice, the Mackenzie discharge, and 
wind and barometric pressure systems. 

Turbidity and the level of settleable materi
als generally varies directly with the volume of 
Mackenzie River discharge. Thus there is a ten
dency for sediment loads to be highest in late 
June and early July, and lowest as freeze-up 
approaches. However, 1 oca 1 i zed increases in tur
bidity may result from wave action in shallow 
water (Slaney 1975; McDonald and Martin 1976). 

The vertical extent of the Mackenzie fresh
water plume in the water column diminishes with 
distance offshore. Near the mouth of major dis
charge channels, the warm turbid freshwater is 
practically homogeneous to a depth of about 3 m 
(Slaney 1975; McDonald and Martin 1976). Further 
offshore the layer of warm freshwater overlies 
the colder, more saline sea water, and it grad
ually becomes thinner as one moves seaward. 

WHITE WHALES IN THE MACKENZIE ESTUARY 

White whales enter the Mackenzie estuary in 
late June or early July, shortly after the first 
large breaks occur in the continuous 1andfast 
winter ice which extends across Mackenzie and 
Kugma1lit Bays from the Yukon Coast to Tuktoyak
tuk Peninsula. After arriving, the whales do not 
distribute themselves evenly or randomly in the 
estuary, rather they use some areas more than 
others. Based on five years' data, Fraker (1977a) 
divided white whale high-use areas into three 
distinct types (Fig. 1), which reflect important 
differences in the type and degree of use: 
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CONCENTRATION AREA: An area where relatively 
large numbers of whales consistently con
gregate during much of the summer (open
water) season, year after year. 

INTERMITTENT-USE AREA: An area in which relativ
ely large numbers of whales have been 
observed occasionally, but where large 
numbers of whales usually do not persist 
for more than a few days. Large numbers of 
whales may not be observed at all in these 
areas in some years. 

TRAVEL ROUTE: An area in which whales in signif
icant numbers are normally observed travel
ling, and are rarely observed engaged in 
other activities such as resting or feeding. 

Of the three major concentration areas, those 
in Niakunak and Kugma11it Bays (Fig. 1) are 
usually occupied earlier and by larger numbers 
of whales than the Kendall Island area (Fraker 1977 
a). After the first whales arrive, the numbers 
increase rapidly, reaching a peak within about a 
week to 10 days. The numbers remain high for most 
of July and then decline rapidly in early August; 
only a few whales are found in the estuary through 
August and into September. 

Although most whales occupy concentration 
areas, there is considerable movement within, to, 
and from the estuary (Fraker 1977a, b). In 
Kugmal1it Bay and along the Tuktoyaktuk Peninsula 
there are well-defined travel routes. Occasion
ally, large numbers of whales move out into the 
parts of East and West Mackenzie Bay which have 
been defined as intermittent-use areas. 

Although obviously important, the reason 
for the whales' annual visit to estuaries is 
unknown. It has been assumed by some (eg. K1ein
en berg et a1. 1964) that the visits to the 
estuaries are for feeding, and this is undoubtedly 
true in some instances. However, Sergeant (1973) 
observed that a very large proportion of the 
stomachs of whales taken in estuaries in western 
Hudson Bay were empty and that there were many 
newborn calves present. Therefore, Sergeant hypo
thesized that the whales were using the warm 
estuarine waters as a calving ground. The calves, 
he reasoned, with their large surface-to-vo1ume 
ratio, would tend to lose heat rapidly and hence 
would benefit from being in warmer water. The 
situation in the Mackenzie estuary is similar in 
many respects to that which Sergeant described 
for Hudson Bay in that newborn calves are common 
and few whales taken in the native harvest have 
food in their stomachs. On the other hand, 
Fraker et a1. (1978) pointed out that in the 
Mackenzie estuary, in addition to females which 
may be calving, there are also females pregnant 
with next year's calves, adult males, and juvenile 
whales of both sexes. Thus they hypothesized 
that " ... white whales congregate in estuaries in 
the summer primarily for the thermal advantage to 
all classes of whales, including newborn calves." 
Because white whales have been observed reacting 
to rough water by orienting into the waves (Fraker 
1976; Slaney 1974), it was also suggested that 
shelter from wind might be an additional, 
secondary factor influencing the location of 
whale concentrations. 
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Fig. 5. Landsat image of the western and central Mackenzie estuary, 20 July 1977. 
Note the generally northeastward flow of turbid Mackenzie River discharge water. 
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Inuit hunting in the Mackenzie estuary is 
an important feature of the whal es ' environment 
(Fraker 1977b; Fraker et a1. 1978). Typ ically, 
whaling begins toward the end of June, soon after 
the whales arrive. Hunting activity reaches a 
peak in the first half of July, and dwind les by 
early August. The whales are pursued on relative
ly calm days when they can be mo re easily located 
and conditions are relatively safe. The hunters, 
usually two per craft, pursue the whales in boats 
and freighter canoes powered by large (20-80 hpj 
outboard motors . One hunter stays in the bow 
while the other operates the motor. The man in 
the bow is armed with a rifle and a harpoon attach
ed by several meters of line to a float . When 
the boat approaches to within about 20-30 m of 
a whale, the bowman begins to shoot to wound 
and slow the animal. As soon as the boat can 
approach the whale closely, the hunter throws 
the harpoon. When the harpoon and float are 
secured to the animal, the hunter shoots to kill. 
Hunting takes place over a large part of each of 
the three concentration areas (Fig. 6). 

METHODS AND MATERIALS 

OCEANOGRAPHIC SURVEYS 

A systematic sampling grid was established 
in order to obtain a representative picture of 
oceanographic conditions in Shallow, Niakunak , 
and West Mackenzie Bays (Fig. 7). There were 26 
stations 10 mi.a (16 km) apart along the north
south axis. Five oceanographic surveys were con
ducted: 4 July, 19-20 July, 25 July, 4 August, 
and 11 August. Simultaneous aerial whale surveys 
were also flown, except for 4 July; data from 
whale surveys on 3 and 5 July were related to 
oceanographic data of 4 July. The oceanographic 
variables measured were water temperature, 
salinity, and turb idity. In addition, obser
vations on wind and waves were made during aerial 
whale surveys. 

Because a basic objective of the program 
was to relate the distribution of whales at a 
particular time to the existing physical and 
chemical conditions, it was necessary to conduct 
the oceanographic surveys quickly. To make this 
possible, a float-equipped Bell 206 helicopter 
was employed for all water sampling. During 
favourable weather (good visibility and waves 
<0.25 m), the helicopter landed at each ocean
ographi c station . Water temperature and salin
ity were measured by lowering a conductivity
temperature probe vertically through the water 
column. Surface and bottom water samples were 
collected using a Van Doren bottle. 

It was planned to conduct the oceanographic 
surveys at regul ar intervals, but weather deter
mined the actual timing. Close liaison was main
tained with the Inuit hunters in the study area 
to ensure that the helicopter oceanographic sur
veys did not interfere with whale hunting. 

When wave heights exceeded approximately 
0.25 m, it was unsafe for the helicopter to land 
on the water. Sampling under these conditions 
had to be conducted while the helicopter hover
ed 1-3 m above the surface. While hovering, only 
surface measurements of temperature and conduct
ivity and the collection of surface water samples 
were possible. However, the hovering technique 

allowed consi derable flexibility i n timing the 
oceanographic surveys, because it could be carried 
out in winds up to about 15 knots (28 km/h) and 
wave heights to 1 m. 

Nearshore stations were easily located by 
using landmarks and by flying either north-south 
or east-west at a given speed for an appropriate 
period. The position of the most seaward stations 
was determined by tri angulation using the heli
copter's Automatic Direction Finder (ADF) tuned to 
the Shingle Point DEW (Distant Early Warning) Line 
Stat i on transmitter and the VHF (very high fre
quency) Omnidirectiona l Range (VOR) tuned to the 
Garry Island transmitter . Station positions could 
then be located to an accuracy of about 0.25 mi. 
(400 m). 

A Hydrolab Model TC -2 Conductivity Meter was 
used to measure water temperature and conductivity. 
Conductivity was later trans l ated to salinity 
using standard oceanographic tables. The cable 
connecting the temperature-conductivity probe 
to the instrument case was marked at 0.5 m in
tervals and was weighted to make the probe sink 
steeply and quickly. Temperature and conductivi
ty were recorded at 0.5 m intervals at shallow 
stations (less than 3 m deep), while at deeper 
stations measurements were taken at 1 m intervals 
down to 10 m, and below this depth at 5 m inter
vals. The TC-2 conduc tivity meter was calibrated 
using a Lambrecht mercury thermometer as a stan
dard. 

At each station a water sample was col lected 
in a Van Doren bottle at the surface and at 20 m 
or 1 m from the bottom at shallower stations. The 
water was stored in 1 L polyvinyl chloride (PVC) 
bottles. About 20 mL was used at the field lab
oratory immediately after each survey for turbid
ity analysis. 

The turbidity (in ppm Si02) was measured 
with a Hellige turbidimeter model 7000 TS using 
a precalibrated bulb and turbidity graph. The 
recorded values were the means of three consec
utive readings taken by one observer. If the 
turbidity was very high, it was necessary to 
dilute the sample with distilled water prior to 
testing. 

Wave and wind observations were made during 
all oceanographic and aerial whale surveys. 
Direction was determined using a hand-held com
pass. During oceanographic surveys, wave period 
was determined by using a stopwatch to measure 
the time required for ten waves to pass a fix ed 
point, and wave height was estimated relative to 
fixed marks on the helicopter. 

During aerial whale surveys, observations 
of wave direction and sea state were made on 
each transect line. Later the data were con
verted into wave heights, and maps were construc
ted for each flight showing areas of different 
wave height and direction. Wave height was 
calculated on the basis of the Beaufort Wind 
Scal e (Watts 1975). Wave height can be calcu la -

a Aircraft instruments, which are calibrated in 
the English system of measurement , were used 
for field measurements and thus, the resulting 
discussion is presented in English units with the 
metric converSlon in parentheses. 
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ted from the Beaufort number provided the duration 
and fetch are known. Duration is the length of 
time that the wind has blown within 30° of a 
given direction; fetch is the distance of open 
water over which the wind has blown. 

AERIAL WHALE SURVEYS 

The study area was divided into three 
zones, each of which could be surveyed during 
a single flight from Tununuk Point, the base 
of operations (Fig. 8). A standard set of 
transect lines was established for each zone, 
and in the case of Niakunak Bay, the lines 
included those used in a previous study (Fraker 
1977a). The transect lines in East Mackenzie 
Bay and most of Niakunak/Shallow Bay were 2 mi 
(3.2 km) apart, while the lines in West Mackenzie 
Bay and the Northwestern part of Niakunak Bay 
were 3 mi (4.8 km) apart. The main area of 
interest was Niakunak/Shallow Bay, but in order 
to gain a more compelte picture of the overall 
use of the general region by whales, West and 
East Mackenzie Bays were also surveyed. A total 
of 36 surveys were flown: 19 of Niakunak Bay, 
9 of West Mackenzie Bay, and 8 of East Mackenzie 
Bay. 

Surveys were flown at 1000 ft (305 m) and 
an airspeed of 120 mph (192 km/h) in a float
equipped Cessna 185 aircraft. Two observers, 
one on each side of the aircraft, counted whales 
in a 0.5 mi (0.8 km) wide strip. In order to 
be able to confine counts to this (0.8 km) strip, 
the aircraft was flown over a 0.5 mi aircraft 
runway and the wing struts were marked so that 
the projected area on the water viewed between 
the floats and strut marks at 1000 ft (305 m) 
altitude was 0.5 mi wide. Because a 0.5 mi 
(0.8 km) strip was searched on each side of the 
transect line, 50% of the water area was covered 
when the lines were 2 mi (3.2 km) apart and 33% 
when the lines were 3 mi (4.8 km) apart. 

Submerged whales cannot be seen in thp 
highly turbid water which usually occurs over 
most of the Mackenzie estuary, therefore, it 
is possible to count only those whales which are 
at the surface. An accurate count depends on 
knowing what proportion of the total number of 
whales in the area is at the surface, but this 
is unknown. Sergeant (1973) watched whales 
from a cliff near Churchill, Manitoba, and obser
ved that they spent about one-third of the time 
at the surface, and thus he applied a visibility 
factor of three to his counts to arrive at an 
estimate of total numbers. 

Sergeant's visibility factor assumes that 
only an instantaneous count of whales in any 
given area is made. However, the longer an 
area is viewed, the greater the number of whales 
which will be seen as they come to the surface. 
In the present study, if the counts had been 
restricted to a narrow band across the transect 
strip, which would have approximated an instant
aneous count, whales would have been recorded as 
absent from areas where they occurred in low 
density, but this procedure would have been 
unacceptable because information about distribu
tion was just as important as abundance. By 
viewing objects while flying over land under 
survey conditions, Fraker (1976) determined that 
any given point is in view for about 15 sec. 
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under the standard observation technique used in 
the present and other studies (Fraker 1976, 1977a, 
b). To compensate for the fact that the assump
tion of an instantaneous count of whales in any 
given area was not met, the visibility factor 
was reduced from three to two, and this factor 
has been applied consistently in whale studies 
in this area since 1975 (Fraker 1976, 1977a,b). 
Although we believe that this factor results in 
conservative estimates of total whale numbers, 
it must be emphasized that the resulting figures 
should be treated as indices rather than estimates 
of absolute abundance. The most important 
feature of such surveys is that the methods be 
consistent so that results are comparable. 

Observation conditions also affect the numb
er of whales observed during surveys. Glare from 
the sun can seriously hamper survey efforts, but 
this was controlled by timing survey flights 
so that the sun was either in front of or behind 
the aircraft and did not interfere with the view 
out the sides. It was obviously not possible to 
compensate for weather conditions which can mod
ify the effectiveness of observations, so a visi
bility rating scheme was developed (Fraker 1977b): 

EXCELLENT: no glare or water disturbance to 
interfere with whale observations. 

GOOD: small amount of glare and/or a few white
caps which offer a minor amount of inter
ference. 

FAIR: glare and/or whitecaps which offer signi
ficant interference. 

POOR: severe winds generating rough water, may 
be glare, and air turbulence may interfere 
with navigation and observation. 

The visibility conditions which prevailed during 
each survey were taken into account in interpret
ing the results. Generally, estimates of numbers 
mentioned in the text derive from surveys conduc
ted under excellent or good visibility conditions, 
unless otherwise noted. However, surveys flown 
under fair or poor conditions still provided val
uable data on distribution, movement, and behav
iour. 

The observers used Seiko Liquid Quartz dig
ital watches which were synchronized before each 
survey. The time was recorded to the nearest 
15 sec at the start and finish of each transect 
line and at 25-sec intervals when whales were 
observed. Because the aircraft flew at an air
speed of 120 mph (192 km/h), approximately 
0.5 mi (0.8 km) was covered each 15 sec. Cass
ette tape recorders were used to record the 
above data as well as observations on direction 
of movement and behavior. Shortly after each 
survey the tapes were transcribed onto a stand
ard data form and the data on distribution, 
abundance, behavior, and direction of travel 
were plotted onto individual maps for each 
survey. 

A t-test was u~ed to determine whether or 
not there was any difference between the counts 
made from the right or left side of the aircraft 
or between observers. There were two main pairs 
of observers (JF/GC and JF/JM) who surveyed for 
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whales. Because he participated in about 90% of 
the surveys, JF was used as the standard observer 
against whom the others were compared. Where 
there were statistically significant differences 
between observers, the counts were adjusted. 

RESULTS AND DISCUSSION 

OCEANOGRAPHY 

Water temperature 

The first oceanographic survey was conduct
ed on 4 July 1977, following a week during which 
strong winds (40-70 km/h) had blown from the 
northwest. These winds forced ice back into 
the northwestern part of Niakunak Bay and 
confined the warm, turbid discharge of the Mack
enzie River close inshore. The effect of the 
river discharge is clearly shown in the eastern 
part of the study area (Figs. 9a, b). Generally, 
the stations in 2 m of water or less had surface 
temperatures varying between 7° and 10.4°C, and 
there was only a slight decrease in temperature 
with depth (Figs. 9a, b; 10). The warmest 
surface and bottom temperatures were in the 
waters west of the Olivier Islands and south 
of Garry Island (Table 1; Fig. ga, b). The 
bottom temperatures decreased in a westward 
direction, with the OoC isotherm following the 
outer edge of the ice pack. The deeper stations 
in the northern part of Niakunak Bay and within 
the ice (Figs. 9a, b6 had surface temperatures 
between 1.5 and 2.5 C, and instead of a marked 
thermocline, there was a steady decrease in 
temperature to _2°C at 10 m (Fig. 10). 

Prior to the 19-20 July 1977 survey, a high
pressure area persisted over the southern Beau
fort Sea resulting in an east-northeasterly air 
flow. This caused a general retreat of the ice 
to northwest of the study area and a general 
warming of air and water temperatures. The 
warmest surface temperatures were west of the 
Olivier Islands and in shallow water near Garry 
Island (Table I, Fig. 9c). The warmest temp
erature recorded was 15.2° , compared to 11.6°C 
on 4 July. 

The third oceanographic survey was carried 
out on 25 July. Since the previous survey, a 
stationary high-pressure system dominated the 
study region and produced light northeasterly 
winds. Only scattered fragments of ice were 
present in the northwestern part of the study 
area. The warmest water temperatures were 
again found in the shallow region west of the 
Olivier Islands and in the northern part of 
Shallow Bay, where they reached up to 17.50 C 
(Table 1; Fig. 9d). Stations 20 and 26 near 
Garry Island were 3-4°C cooler, and although 
the depths at these stations were less than 3 
m, there was a 3-4°C decrease in temperature 
at the bottom. The cooler bottom water was 
also more saline (Table 2), indicating that 
denser sea water had intruded beneath the 
fresh river water in this area. At the deeper, 
offshore stations (Fig. II, stns. 17, 23) there 
was a slight temperature inversion near the 
surface which was probably due to colder water 
from melting ice. The thermocline appeared at 
approximately 4 mo below which the temperature 
decreased to -1. 8 C. 
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During the period 25 July - 4 August 1977, 
a high-pressure system dominated the study area 
giving rise to east-northeasterly winds and warm 
air temperatures. The surface waters of the est
uary showed a striking increase in temperature 
with more than half of the study area being with
in the 18°C isotherm (Fig. ge). The lowest temp
erature recorded was 13.6°C and the highest was 
20.50 C. 

During the week between 4 and 11 August, 
strong winds from the ea stern quadrant result§d 
in air temperatures which were cooler by 5-10 C. 
A general cooling of surface water temperatures 
resulted, and cold sea water intruded into the 
western part of Niakunak Bay (Fig. 9f). Al
though the water was relatively warm compared to 
the conditions seen on 4 July, a month earlier , 
it was much cooler than it had been the week 
previous. The mgximum surface temp§rature re
corded was 16.8 C, approximately 4 C cooler 
than the maximum of a week earlier. 

A general warming occurred throughout the 
estuary from early July through to the first 
week of August, after which there was a rapid 
cooling. The maximum water temperature recorded 
on 4 July was 11.6°C, while the maximum recorded 
during the study was 20.50 C on 4 August (Table 
1). The increase in temperature was both in 
magnitude and geographical extent. The maximum 
temperature on 11 August dropped to 16.8°C 
which was still higher than the maximum recorded 
on 4 July (Table 1). Consistently, the warmest 
temperatures were in Shallow Bay, in Niakunak 
Bay west of the Olivier Islands, and in the 
nearshore areas of West Mackenzie Bay between 
Garry Island and the Olivier Islands. All of 
these areas are less than 2 m deep. The warming 
factors in influencing water temperature in the 
estuary were the warm Mackenzie River discharge 
and radiant heating from the sun, particularly 
in the shallower areas. 

The water column in the study area usually 
was homogeneous Mackenzie River water to a depth 
of 3-5 m. Beyond this depth, a wedge of fresh
water, which grew gradually thinner seaward, 
overlay the denser sea water. This s ituation 
was altered near the Yukon coast where the 
general circulation drew water eastward into the 
study area. However, this cold oceanic water 
generally wa s kept outside of the nearshore 
parts of the study area by the shear volume of 
the Mackenzie discharge. Strong winds period
icall y modified conditions by blowing sea water 
toward shore or by carrying Mackenzie River 
water further offshore, but in either case the 
warm river water dominated nearshore conditions. 

The most extensive oceanographic work con
ducted previously in the study area was carried 
out in 1974 by Slaney (1975) in East Mackenzie 
Bay and the eastermost part of West Mackenzie 
Bay. On 21-22 July 1974, the surface waters 
between Garry and Pelly Islands were between 
14° and 12°C , and the area southwest of Garry 
Island was 14° or above. This is simi lar to 
the results observed on 19-20 July and 25 July 
1977 (Fig. 9c, d). The conditions observed 
on 8 August 1974 were intermediate between 
those observed in 1977 on 4 and 11 August 
1977 (Fig. ge, f). In Kugmallit Bay in mid 
July 1975, temperatures up to approximately 
18°C were recorded (McDonald and Martin 1976). 

Text cont inued on page 19. 
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Table 1 Water temperatures and salinity values recorded during oceanographic surveys. 

Station 4 July 19-20 July 25 July 4 August 11 August 
Station Depth Temperature Temperature Temperature Temperature Temperature 
Numbera m (oC) (oC) (oC) (oC) (oC) 

Surface Bottom Surface Bottom Surface Bottom Surface Bottom Surface 
1 1.0 9.4 8.7 14.5 15.0 14.7 20.5 19.5 14.8 
2 3.6 10.0 9.7 15.2 25 .2 16.4 16.2 19.0 18.8 16.8 
3 1.8 10.4 10.3 13.0 16.2 16.3 18.9 18.6 15.5 
4 2.0 _b 14.3 14.5 19.0 14.0 
5 2.0 5.5 4.6 13.3 14.1 16.0 8.0 
6 2.1 11.0 10.8 15.1 17.5 18.5 16.0 
7 1.2 7.0 6.4 14.7 14.5 19.4 11.5 
8 2.0 13 .6 14.2 18.9 13.5 
9 7.0 3.6 -0.5 10 .6 13.0 5.7 18.0 2.3 

10 0.5 10.0 10.0 13.4 14.2 14.0 18.5 12.7 
11 1.6 9.5 8.4 14.0 13.6 19.4 6.0 
12 3.8 8.4 7.0 11.6 14.5 18.2 8.0 
13 17.8 4.0 -0.2 9. 7 10.8 17.7 1.9 
14 0.5 11.6 11.4 14.4 15.0 14.9 18.9 12.7 
15 1.2 14.9 15.5 15.4 18.7 11. 3 
16 2.8 4.5 -1.2 11.6 11.9 18 .5 6.8 
17 7.0 0.0 -2.1 8.3 7.9 -1.6 17.8 7.9 
18 34.0 1.6 -2.0 7.2 -2.0 6.6 -1.6 16.5 4.0 
19 1.4 14.5 15.0 14.8 18.6 
20 2.7 13.9 13.6 10.5 17.5 
21 6.0 11.9 10.4 0.2 16.6 
22 16.0 1.6 -2.0 7.9 5.2 -1.4 16 . 7 
23 44.0 2.8 -2 .0 5.2 -1.6 5.8 -1. 6 16.6 
24 10.5 6.0 -1.7 
25 52.3 4.6 -1.7 8.2 -1.7 13.6 
26 1.0 15.4 13.6 12.0 18.3 

Station 4 July 19-20 July 25 July 4 August 11 August 
Station Depth Sal inity Salinity Sa 1 inity Sal inity Sal inity 
Numbera m (%0) (%0) (%0) (0/00) (%0) 

1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2 3.6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
3 1.8 1J 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
4 2.0 1.0 1.0 1.0 1.0 1.0 
5 2.0 1.0 1.0 5.0 1.0 10.5 34.0 
6 2.1 1.0 1.0 1.0 1.0 1.0 1.0 
7 1.2 1.0 1.0 1.0 1.0 1.0 1.0 
8 2.0 13.2 0.6 1.8 1.0 
9 7.0 1.0 35.4 6.5 3.7 24.6 2.8 35.0 

10 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
11 1.6 1.0 1.0 1.0 0.4 1.0 26.7 
12 3.8 1.0 1.0 7.7 3.5 2.4 21.2 
13 17.8 0.4 4.9 9.9 15.9 4.4 35.0 
14 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
15 1.2 1.0 1.0 1.0 1.0 1.0 
16 2.8 0.5 35.0 1.5 4.6 1.9 35.0 
17 7.0 9.7 35.0 5.3 4.3 35.0 4.8 26.4 
18 34.0 7.7 35.0 3.6 35.0 6.0 35.0 5.5 35.0 
19 1.4 1.0 1.0 1.0 1.0 
20 2.7 4.8 2.4 6.4 3.5 
21 6.0 6.7 18.8 35.0 6.0 
22 16.0 8.3 35.0 3.6 5.3 35.0 6. 8 
23 44.0 8.2 35.0 4.4 35 .. 0 5.6 35.0 8.2 
24 10.5 3.3 35.0 
25 52.3 3.6 35.0 4.2 35 .0 10.0 
26 1.0 1.0 1.0 3.8 2.2 

a See Fig. 3 for station locations 
b Dash indicates missing data 
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Table 2. Turbidity values recorded during oceanographic surveys. 

Station Station 4 July 19-20 July 25 July 4 August 11 Augu s t 
Number Depth Turbidity Turbidity Turbidity Turbidity Turbidity 

(m) (ppm) (ppm) (ppm) (ppm) (ppm) 

Surface Bottom Surface Bottom Surface Bottom Surface Surface 
1 1.0 183 143 47 21 129 70 
2 3.6 117 105 63 33 172 35 
3 1.8 117 177 54 45 180 62 
4 2.0 53 25 70 78 
5 2.0 150 188 70 39 13 42 
6 2.1 122 200 73 37 140 66 
7 1.2 182 174 63 31 124 70 
8 2.0 61 31 16 70 
9 7.0 208 48 21 27 13 23 

10 0.5 140 100 56 31 148 78 
11 1.6 106 140 66 31 104 62 
12 3.8 140 108 25 23 14 66 
13 17.8 172 164 14 6 6 7 
14 0.5 146 59 31 124 39 
15 1.2 63 25 164 39 
16 2.8 200 16 56 14 23 78 
17 7.0 6 7 21 10 4 9 39 
18 34.0 17 2.5 37 2.0 6.5 2.5 6 70 
19 1.4 54 19 132 
20 2.7 45 25 21 
21 6. 0 37 6 9 7 
22 16.0 7 4 35 7 4 6 
23 44.0 16 4 33 8.5 9 6 6 
24 10.5 27.0 2.1 
25 52.3 43 3.9 14 6 4 
26 1.0 23 25 132 

~ See Fig. 3 for station locations. 
Dash indicates missing data. 

Table 3. Whale distribution and wave height observations. 
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Information on vertical stratification in 
1974 is available for only 8 August, and on that 
date the depth of the thermocline at three loca
tions was between 3 and 5 m, similar to that obs
erved in 1977. In 1970, in open water north of 
East Mackenzie Bay, Healey (1971~ found surface 
temperatures ran9ing between 5-7 C and a distinct 
thermocline at 5 m' obelow which temperatures 
dropped to about -1 C. Healey's results were 
similar to those recorded in 1977 at deeper 
stations, where the boundary between the warmer 
Mackenzie water and the colder oceanic water 
was at 5-7 m (Fig. 11). 

In summary, the annual variations of 
surface water temperature in the nearshore reaches 
«5 m) of the study area appear to be relatively 
consistent from year to year. The large volume 
of warm Mackenzie River discharge effectively 
buffers against large changes which might other
wise result from local variations in climatic 
conditions. The constancy of conditions with-
in the study area is mainly a function of the 
proportion of the total Mackenzie discharge which 
flows through a particular region. Only if there 
was a major change in the distribution of river 
discharge in the region would one expect a sign
ificant departure from the overall pattern seen 
during this study. 

Salinity 

On 4 July 1977 the 10 /00 isohaline closely 
followed the edge of the ice pack. The Mackenzie 
River water appeared to be dammed up against the 
edge of the ice in most areas, although there 
were a few places where it flowed beneath the 
ice (Fig. 12a) . Within the ice, surface waters 
were more saline with a maximum observed value 
of 9.70 /00 (Table 1). Saline bottom water 
extended along the southern coast of Niakunak 
Bay almost as far as the Blow River delta (Fig. 
12b). Grainger (1974) measured salinity in the 
southern Beaufort Sea in July 1973 and found 
that the 10 /00 surface isohaline extended from 
Shingle Point to Pelly Island. This was similar 
to the position described for 4 July 1977. At 
the shallower stations, within the influence 
of the Mackenzie discharge, salinity was uniform 
with depth (Fig. 10). At deeper stations within 
the ice a distinct halocline was found at 7 m 
with very saline (350 /00) sea water below. 

Between 4 and 19 July 1977 strong north
easterly winds resulted in considerable mi xing 
of river and oceanic waters. The 10 /00 isoha
line was just west of the Olivier Islands (Fig. 
12c). The maximum surface sal inity val ue, 13.20 / 
00, was found northeast of Shingle Point, indicat
ing the advection of oceanic water into the study 
area from the west. 

On 24 July 1977 practically no change was 
observed in the position of the 10 /00 surface 
isohaline from that of 19-20 July (Fig. 12d). 
Seaward of this, the salinity was transitional 
between the Mackenzie discharge water and saline 
sea water. The intrusion of saline water from 
the north was a result of wind. High salinity 
water was also present north of Shingle Point, 
and this reflects the generally eastward flow 
along the Yukon coast. The vertical profiles 
show uniform salinity with depth at shallow 
stations in Niakunak Bay. However, at station 
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20 near Garry Island, the salinity increased with 
depth, which resulted from the advection of more 
sal ine water into this area (Fig. 12d). The 
deeper stations showed surface salinities between 
4 and 180/00, and haloclines at about 5 m, below 
which there was oceanic water (Fig. 11). 

The position of the 10/00 surface isohaline 
on 4 August 1977 was unchanged from that of 25 
July 1977. An intrusion of more saline water 
extended along the west coast from Shingle Point 
to the Blow River Delata causing a steep horiz
ontal salinity gradient (Fig. 12e). 

The survey of 11 August 1977 showed the 10
/ 

00 surface isohaline closer to the coast of the 
Mackenzie delta, and seaward of this line the 
horizontal salinity gradient was much steeper than 
on previous occasions. Strong winds from the 
north and northeast had carried saline oceanic 
water from offshore into the northwest part of 
the study area (Fig. 12f). 

In summary, salinity at all depths in the 
study area generally increased during the study. 
The low surface salinities observed in early July 
resulted mainly from the large volume of fresh
water from the Mackenzie River at freshet, with 
a minor effect from the meltwater from thawing 
ice in West Mackenzie Bay. Later, as the volume 
of Mackenzie outflow diminished, the 10 /00 
isohaline moved closer inshore. On 19-20 July 
and 4 and 11 August the effect of the flow of 
seawater along the Yukon coast was evident, 
particularly on 19-20 July and 4 August. On 
4 July the halocline was obvious and very distinct 
at about 6 m owing to the effect of melting ice 
and of the water's being protected from wind 
disturbance. Haloclines observed on 25 July 
were at about 5 m and were less distinct than 
they had been earlier, owing to increased 
mi xing near the surface. 

In contrast with observations from other 
years, Slaney (lg75) found that all salinities 
were less than 1 /00 on 21-22 July 1974 in East 
Mackenzie Bay and adjacent West Mackenzie Bay. 
Even at this late date there was a 4/10 concen
tration of first-year ice close inshore which 
supplied fresh melt-water and which tended to 
confine the Mackenzie River outflow. On 8 
August 1974, Slaney (1975) found that the 20/00 
isohaline ran between Garry and Pelly Islands in 
a position similar to that seen on 25 July 1977 
(Fig. 12d). However, on 2-4 August 1975 follow
ing a period of northeasterly winds, the 50/00 
isohaline lay between Garry and Pelly Islands 
and extended west-southwest into West Mackenzie 
Bay (McDonald and Martin 1976). This is sign if
icant because it reflects a vulnerability of this 
area, where there is a regular but small concen
tration of whales, to intrusions of arctic marine 
water. The vulnerability of this area to intru
sions is apparently much greater than in either 
Niakunak or Kugmallit Bays into each of which 
approximately one-third of the flow of the 
Mackenzie River is discharged, compared to the 
17 percent which is discharged into East Mackenzie 
Bay through Kumak Channel (Fig. 2). 

Measurements of vertical stratification in 
1974 by Slaney (1975) and in 1975 by McDonald 
and Martin (1976) were at approximately 3-5 m 
in nearshore areas. Healey (1971) measured 
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salinity seaward of the Barrier Island in July 
1970 and found haloclines at 4-5 m. 

As with temperature, the pattern of salinity 
variations observed in nearshore areas in 1977 
appears comparable to those observed in other 
years. The discharge of Mackenzie River water 
to nearshore areas «5m) maintains relatively 
constant conditions of low salinity in a lens 
of water 3-5 m thick during the peak of freshet. 
Although warmer water becomes generally more 
widespread during July, the area of freshest 
water (e.g. <l % o) contracts as the ice dis
appears, the river flows decrease, and wind
advected salt water intrudes. 

Turbidity 

On 4 July, 1977, turbid water from the Mack
enzie River was partially dammed by remnants of 
the landfast ice, and consequently, the highest 
turbidity values were found near the ice edge 
(Fig. 13a). Sharply lower turbidities were 
recorded under the melting ice. The overall 
pattern of bottom turbidity was similar to that 
seen at the surface, although the highest 
turbidities were observed just west of the Olivier 
Islands (Fig. 13b). 

By 19-20 July 1977, turbidity throughout the 
study area had decreased considerably (Fig. 13c; 
Table 2). The highest value recorded was 70 ppm, 
only one-third of the highest value recorded on 
4 July. Turbidity continued to decline, and on 
25 July 1977 the highest value recorded was only 
45 ppm (Fig. 13d; Table 2). The decrease in 
turbidity was associated with the usual seasonal 
reduction in the volume of the river discharge 
and the sediment loads which can be carried. 

Prior to the survey on 4 August 1977, east
northeasterly winds increased the wave action and 
forced an increased amount of sediment into sus
pension in the shallower waters. Consequently, 
higher turbidity values were recorded at some 
inshore stations, although there was a rapid 
decrease offshore in water deeper than approxi
mately 2 m. Subsequently, the turbidity de
creased, and on 11 August 1977, the maximum 
values were only about one-half of those a week 
earlier (Fig. 13f; Table 2). 

On 21-22 July 1974, Slaney (1975) measured 
turbidities of 150-160 ppm in the easternmost 
part of West Mackenzie Bay, which was about 
twice the turbidity observed on 19-20 July 1977 
(Fig. l3c). Althou9h a small portion of this 
turbi d ity resulted from wave acti on bri ngi ng 
bottom sediments into suspension, the Mackenzie 
River outflow at the time had turbidities of 
approximatel y 150 ppm. Abnormally high precip
itation in the Mackenzie River watershed during 
1974 resulted in higher-than-usual turbidity in 
August. Outer Middle Channel, which discharges 
into northeastern West Mackenzie Bay, showed 
turbidity values ranging between 400 and 600 ppm 
in August 1974 . Thus, the maximum turbidities 
observed in 1974, were two to three times as 
great as those seen in 1977, and they occurred 
late in the season. 

In contrast to 1974, the maximum turbidity 
which was measured in 1975 was 210 ppm (McDonald 
and Martin 1976), which is similar to the maximum 

21 

value observed in 1977. Turbidity values offshore 
of Garry Islands were in the 50-100 ppm range on 
2-4 August 1975. This is similar to the obser
vations made on 4 August 1977. 

There is greater year-to-year variation in 
turbidity in the Mackenzie estuary than in either 
salinity or temperature. As the river water is 
discharged from the channels and spreads over a 
broad area, it loses velocity and the heavier 
particles settle out. Thus Mackenzie River water 
tends to be less turbid with distance offshore, 
and this tendency is accentuated by any dilution 
with clearer marine water. The usual pattern is 
for the highest turbidities to occur in conjunc
tion with the highest river flows. These usually 
come in late June or early July. However, at any 
time high winds can generate waves which force 
bottom sediments in shallow areas into suspension 
and increase local turbidity. Maximal values of 
about 200 ppm appear to be usual in the Mackenzie 
estuary, although values of up to BOO ppm can occur. 

Wind and waves 

During the 1977 study period, northerly and 
easterly winds predominated. Under such winds 
Shallow Bay was nearly always calm, while the 
eastern and shoreward portions of Niakunak and 
West Mackenzie Bays were moderately exposed 
causing a rippled sea surface sometimes with 
scattered whitecaps (Figs. 14, 15). East 
Mackenzie Bay was moderately sheltered from 
northwesterly winds by the Barrier Islands, al
though the western half was exposed when the 
wind shifted to northeasterly. In most of West 
Mackenzie Bay and the outer part of Niakunak 
Bay there were usually definite wave forms with 
occasional or numerous whitecaps. Under south
easterly winds, Shallow Bay was calm while all 
the nearshore parts of the study area were 
moderately sheltered (Fig. 16). 

The maximum estimated wave height was 1.2 m 
which was observed in early August in both East 
and West Mackenzie Bays (Table 3). The maximum 
wave height observed in Niakunak Bay was 0.9 m. 
It should be pointed out that higher waves 
undoubtedly occurred during periods of stronger 
winds when aerial whale surveys could not be 
flown. 

McDonald and Martin (1976) state that the 
prevailing winds in the study area are from the 
northerly quadrant. Under such conditions, 
Shallow Bay is sheltered while East Mackenzie 
Bay and the eastern parts of Niakunak and West 
Mackenzie Bay and the seaward part of Niakunak 
Bay is generally exposed. 

WHITE WHALES 

Patterns of abundance and distribution 

Niakunak Bay : Reconnaissance surveys were 
flown on 18 and 24 June and a partial systematic 
survey was flown on 26 June (Table 4). No 
whales were seen until 30 June when there was 
an estimated 80 whales in the mouth of Shallow 
Bay at the east end of line N-B. The numbers 

Text continued on page 27. 



SURFACE TURBIDITY - 4 JULY 1977 

I 

.I 
/ 

/ 
.' \ ".~ ", . 'I'\'\~" '" f 

·r.) (, "1 't~ "'~ 

SURrAcr TURBIDITY - 19 -20 JULY 1977 

/ / 

/ 
I 

/ 
,/ 

SURFACE TURBIDITY - 4 AUGU ST 1977 

,.0 99 .... 

/ 

.' , "O;.t' ,0;" 

/ 

,:, ) 

" 

, r,--,.. 
" I 

22 

" ';\~~, V 

. , .. ~.\~\ 
,.,"""'" I' ,I I. .!'~ 

,I " ~ , " 
'l I 

BOT TOM TURBIDITY - 4 JULY 1977 

SURFACE TURBIDITY - 25 JULY 1977 

M A C K~, N ZI E/ BAY 
( 1,weo/ 

SURFACE TURBIDITY - II AUGU ST 1977 

Fig . 13. Turbidity distribution, Mackenzie estuary, 1977. 

/'1·- ..... 
~) 

Pelly/ " ' " 
I slondr< I' 

/" 
I 

Gar r y 
I s Ion d 

) 

IJ~ .• 
( -:)~, 

• , 

, 
, rJ E llice i 
,"I I "~ '.;: "-

I i siand-- ,-
~ 



r- -- - - -fl'utlen 

---.---j ~rd i 
, i 

r-·-----' _ .J 

I 

rj 

- '- - .- ._ .- - _ .- - .- ._ .- ._ .- ._ ._ ._j E 
I \ 
: ~ -z, 
I ~ 
I 'f.. ~S~' i c \~ 
i ~ 
i ~ 
I 
I 
I 
i 
i 
I 

LEGEND 

D Shelter.d COf'Iditton •. s.a surface calm to Just rippl.d_ 

C] ModtrOft'y SMIf.rtd . no .urfact rlpplto . 

o Eat>estd. eMflf'llf. wo ..... with occo"Of'Iol fo numtrous 
w!'''ttcaps 

Study Area BounOor)" t971 

RICHARDS 

ISLAND 

BAY 

0> 
~Hendnck.son 
L.,) Is!9nd 

Fig. 14. Exposure ratings for the study area for winds from the northwestern quadrant. 

• O. 
I ' '" , 

i 
o z 

4 I • 10 MI 
, ':a , ; 
10 14 .. KM 

N 
W 



r- - . - ~~ 

______ . ...J ~""I 
I I 

_______ I I 
Hoooe' 

--1 
I 

~ 

- .- - - - _ ._ ._ ._ ._ . __ ._ . __ . __ .J 
I \ 

1.. 

c 

LEGENO 

D Shelte r ed Conditions. seo surfact calm to Just ri pp led . 

o Mooerate l y She ltere d , nQ .urface r ippled 

D [_posec . definite wo", •• with occos\on OI to "U~US 
whltecops 

Study ArlO Boundory.1977 

RICHARDS 

ISLAND 

Fig. 15. Exposure ratings for the study area for winds from the northeastern quadrant. 

TUKTOYAKTlJK 

o t .. , • 10 . , 
I ' , , , 
Ii, 

o Z 10 14 'I ". 



c 

Shingle ""n, N I A K UNA K 

LEGEND 

o Sheltered Conditions, sea surface cal m to just rippled . 

o Moderately Sheltered, sea surface rippled 

o Ekposed, definite waves with occasional t o numerous 
wh itecops . 

Study Area Boundary, 1977 

,..J 

I 

?elly frp'_ 
,,,.no

U 

r- · - · - ·~llen 

- - - - _ . .J ~nd! 
I 

B 

RICHARDS 

ISLAND 

K UG MALLI T 

BAY 

0' 
A HenOrtCKSOI' L ) ISlano 

Fig. 16. Exposure ratings for the study area for winds from the southeastern quadrant. 

o 2 

II 
o 2 

" 6 e 10 III I 
I=;;j 

i 
10 14 18 KM 

N 
CJ1 



26 

Table 4. Summary of systemat ic whale su rveys and population estimates; Niakunak, West Mackenzie, 
and East Mackenzie Bays: 1977. 

Lines Whales Visibil ity Extrapolation 
Date Location Flown Observeda Rating Coefficient 

26 June Niakunak Bay NC-N6 0 Good 2 
30 June Niakunak Bay NC-N7 20 Good 2 
3 July Niakunak Bay NC-NI2 500b Excellent 
5 July West Mackenzie Bay WMI-WM8 64 Good/Excellent 3 
5 July East Mackenzie Bay EMI-EM11 164 Fai r 
6 July Niakunak Bay NC-NI2 329/206c Excellent 
6 July West Mackenzie Bay WMI-WM8 102c Good 
6 July East Mackenzie Bay EMI-EM3 137 Good 
8 July Niakunak Bay NC-NI2 1910 Exce 11 ent 
8 July East Mackenzie Bay EMI-EM11 23 Good/Fair 
9 July Niakunak Bay NC-N6 149 Fair 

10 July Niakunak Bay NC-NI2 649 Poor 
12 July Niakunak Bay NC-NI2 503 Good/Fair 
13 July West Mackenzie Bay WMI-WM8 73 Good 
13 July East Mackenzie Bay EMI-Emll 9 Good/Fair 
18 July Niakunak Bay NC-N4, 

N5-N12f 
599 Good 

19 July West Mackenzie Bay WMI-WM8 268 Good 
19 July Niakunak Bay NC-NI2 294 Good 
20 July East Mackenzie Bay EMI-EMll 67 Fair/Poor 
21 July Niakunak Bay NC-NI2 1031 Good 
24 July West Mackenzie Bay WMI-WM8 376 Excellent 
25 July Niakunak Bay NC-NI2 522 Exce 11 ent 
27 July Niakunak Bay NC-NI2 445 Good/Fair 
27 July East Mackenzie Bay EMI-EMll 125 Good 
28 July West Mackenzie Bay WMI-WM8 123 Good 
29 July Niakunak Bay NC-NI2 797 Excellent/Good 
30 July East Mackenzie Bay EMI-EMll 117 Fai r 
31 July West Mackenzie Bay WMI-WM8 388 Excellent 
1 August Niakunak Bay NC-NI2 246 Good 
2 August East Mackenzie Bay EMI-EMll 55 Fair/Poor 
4 August Niakunak Bay NC-NI2 153 Good/Fair 
6 August West Mackenzie Bay WMI-WM8 29 Fair/Poor 
7 August Niakunak Bay NC-NI2 7 Good/Fair 
9 August Niakunak Bay NC-N8 66 Good 

11 August Niakunak Bay NC-NI2 4 Good 
11 August West Mackenzie Bay WMI-WM8 0 Good 

a 
b 

c 

d 

e 

f 

Figures adjusted for observer bias. 
Visual estimate made prior to the disturbance of whales by 
native hunting activities. 
Lines NC-N9 had an extrapolation coefficient of 2, lines 
NI0-NI2 had an extrapolation coeffici ent of 3. 
On 6 July a portion of the Niakunak whale concentrat ion 
extended on to line WMl, and the whales counted on th is 
line have been added to the estimate for Niakunak Bay. 
On 8 July practically all of the whales appeared to be at 
the surface, therefore a visibility factor of 1 was used 
(see text). 
Partially incomplete. 

2 
2/3c 
3 
2 
2/3 
2 
2/3 
2/3 
2/3 
3 
2 
2/3 

3 
2/3 
2 
2/3 
3 
2/3 
2/3 
2 
3 
2/3 
2 
3 
2/3 
2 
2/3 
3 
2/3 
2/3 
2/3 
3 

Vi sibil ity 
Factor 

2 
2 

2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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2 
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Numbers 

0 
80 
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2752~ 
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92 
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36 
2424 

1608 
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2612 
2256 
2116 
1814 
500 
738 

3348 
468 

2328 
984 
220 
650 
174 

36 
264 

16 
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increased rapidly in the next 10 days, peaking 
at an estimated 3820 on 8 July (Table 4; Fig. 
17a, c). The number remained high, usually over 
2,000 until late July, after which they declined 
dramatically; only an estimated 16 whales were 
present on 11 August. 

The pattern of an early peaking of numbers, 
followed by a moderate decline and relative 
stability to the end of July may be typical. On 
3 July 1972, there was a maximum ~stimate of 
1500-2000 whales based on reconna1ssance surveys 
by Slaney (1973), and Slaney (1974) reported that 
the number of whales in Niakunak Bay peaked on 
2 July 1973. The pattern of change in abundance 
seen in 1975 indicated a peak in the latter part 
of July (Fig. 19), but this result may have been 
the consequence of greater variab~lity owing to 
less intensive survey coverage. Fraker (1977a) 
observed what may have been maximum numbers on 12 
July 1976 (Fig. 19), although the 197~ study of 
Niakunak Bay did not extend beyond th1S date. 
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Some of the changes in the number of whales 
in Niakunak Bay in July 1977 clearly resulted 
from the movement of whales to West Mackenzie Bay, 
probably to East Mackenzie Bay, and possibly to 
Kugmallit Bay. For example, the survey on 19 
July indicated an abrupt decline in numbers in 
Niakunak Bay at the same time tha~ there was.an 
increase in West Mackenzie Bay (F1g. 17). F1g. 
19b shows a large number of whales in West 
Mackenzie Bay, and the movement of many whales 
away from Niakunak Bay strongly suggests that 
they had come from there. In con~ras~, the 
increase in the number of whales 1n N1akunak Bay 
on 29 July was apparently associated with a sim
ultaneous decline in West Mackenzie Bay observed 
on 28 July (Table 4; Fig. 17). A si~ilar pa~tern 
of movement has been reported for th1S area 1n 
previous years (Fraker 1976; Slaney 1973; 1974, 
1975). 

A dramatic decline in numbers occurred 
during early August, and by 11 August very few 
whales were present in Niakunak Bay (Table 4; 
Fig. 17). The decline in 1975 followed the same 
pattern (Fraker 1976), and similar declines in 
abundance have been reported at this time in other 
years (Slaney 1973, 1974, 1975). Although ~he 
number of whales using Niakunak Bay after m1d
August is very low, there ar~ s~ver~l recorded 
sightings from nearby areas 1nd1cat~ng that a few 
whales may continue to use the bay 1nto the latter 
half of September (Fraker et al. 1977). 

The whale distribution seen in 1977 was 
largely within the concentration area boundaries 
drawn by Fraker (1977a) on the basis of five years' 
data (Fig. 1). However, the 1977 whale dis~ribu
tion apparently differed from those of prev10us 
years in two respects : first, in early July the 
whales tended to occupy an area further northeast 
in the concentration area than is usual (Fig. l8a, 
b), and second, the whales failed to make use.of 
the southeastern part of Niakunak Bay below llne 
N-3 (Fig. 18c, d). 

On 30 June and 3 July the relatively small 
number of whales present were at the mouth of 
Shallow Bay near the eastern ends of lines.N-B 
and N-C. This changed rapidly on the even1ng 

of 3 July when three parties of hunters pursued 
the whales. For approximately the next week the 
whales occupied the northeastern portion of Niak
unak Bay (Fig. 18a, b). Local hunters confirm~d 
that this was an unusual distribution (J. Arch1e, 
pers. comm.). Possibly the w~a~es were seekin~ 
particular environmental cond1t1ons; after hav1~g 
been chased from the first place they had occup1ed, 
they may have selected an alternate ~ocation with 
conditions similar to those of the f1rst area. 

Although the whales made u~e of a larger .area 
of Niakunak Bay after 8 July (F1g. 18c, d), w1th 
the exception of a single animal, we saw no whales 
southeast of line N-3. This was in contrast to 
other years. One possible explanation for this 
is that persistent hunting activities in 1977 may 
have kept the whales from approaching clo~er to 
Shallow Bay. Relatively poor weather dur1ng 1977 
resulted in the hunting effort being protracted 
more-or-less evenly over a long period. In 1976 
and 1975 most of the hunting effort tended to be 
concentrated into a few relatively short periods; 
for example, 11 whales or one-third of the 1976 
harvest was taken on one evening (Fraker 1977a). 
Further evidence of the possible effect of hunting 
on distribution was seen in 1975 when hunting prac
tically stopped by 20 July and the whales penetra
ted into Shallow Bay south of Reindeer Channel 
(Fraker 1976). Hunting in 1977 continued into the 
first week of August. Thus it may be that in the 
absence of respites from hunting pressure, the 
whales did not move as far southeast during the 
summer. 

East and West Mackenzie Bays: Whales probably 
entered East and West Mackenzie Bays a few days 
before they were observed in Niakunak Bay (30 
June), but poor weather prevented surveys of these 
areas before 5 July. On this date there were 384 
whales estimated to be in West Mackenzie Bay 
(Table 4; Fig. 20a). 

Numbers remained relatively low in West 
Mackenzie Bay until after mid-month when they in
creased substantially (Fig. 17). High numbers were 
recorded until 31 July followed by a rapid decline 
in early August. The results of previous studies 
(Fraker 1976; Slaney 1974, 1975! sugg~st that this 
pattern of change in abundance 1S tYP1cal. 

In East Mackenzie Bay, 656 whales were esti
mated on a complete survey on 5 July, and 548 were 
estimated on a survey of lines EMI-EM3 on 6 July 
(Table 4; Fig. 21a). Very poor weather hampe~ed 
surveys of this area throughout the study per1od, 
but the numbers in the area were undoubtedly very 
low through mid-month. The numbers then increased 
moderately in the third week of July. A survey 
under fair-to-poor conditions on 4 August revealed 
the presence of an estimated 220 whales. Presum
ably numbers declined afterwards. 

Present information suqqests that East Macken
zie Bay is not usuall y occupied continuously by many 
whales until later than in Niakunak or Kugmallit Bays. 
For examp le, Slaney (1975) did not report see ing sub
stantial numbers of whales in this area until the la st 
week of July in 1974. This was a severe i ce year in 
which the movement of whales to the estuary was 

Text continued on page 33 . 
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delayed. Thus the relatively large number of 
whales seen on 5 and 6 July may have been trans
ients, possibly en route to Niakunak Bay. After 
6 July northerly winds were prevalent in this 
region, and it may have been that cold oceanic 
water intruded into East Mackenzie Bay making 
conditions less favourable for the whales. 
Also, the early decline in numbers in East 
Mackenzie Bay followed the initiation of both 
hunting from Kendall Island and a brief (5-day) 
small-scale Imperial Oil operation at the north
west end of Garry Island. While hunting and/or 
the industrial operations may have had some 
effect, neither activity seemed to be extensive 
enough to adequately explain the decline, in 
abundance. Therefore the movement of the whales 
was probably normal (Fraker 1977b), possibly a 
response to an intrusion of cold, marine water. 

After an apparent decline in abundance in 
the study area after 8 July, there was an 
increase and maintenance of relatively high 
numbers in East and West Mackenzie Bays during 
the latter half of the month (Fig. 17). At 
approximately the same time there was a decline 
in numbers in Kugmallit Bay (Fraker 1977b), and 
thus it may be that there was a movement of 
some whales from Kugmallit Bay to other parts 
of the estuary. There is nearly always move
ment of some whales along the east coast of 
Richards Island, some to and some from East 
Mackenzie Bay, also with some possibly moving 
to areas north of the surveyed area. Because 
many whales were seen out to the periphery of 
the surveyed area in West Mackenzie Bay (Fig. 
20b, c), clearly an unknown, but possibly 
substantial number of whales were using the 
region beyond. Thus the suggest ion that there 
was an influx of whales from Kugma llit Bay to 
West Mackenzie Bay is strengthened since the 
high estimates, which were maintained more-or
less consistently over several surveys, were 
based on observations of less than the entire 
area used by the whales. 

In West Mackenzie Bay, the first observed 
whales (5 July) were travelling toward Niakunak 
Bay in a narrow band along the east side of the 
Bay (Fig. 20a). Although the whales spread 
out to use more of this area later in the month, 
there was a tendency for the highest densities 
to be in the eastern portion (Fig. 20b, c). 
Many of the whales in the northern and western 
portions were diving and possibly feeding (see 
section on Feeding). 

As observed in previous studies (Fig. 1), 
the whales in East Mackenzie Bay tended to 
be most dense in the Kendall-Garry-Pelly 
Island area (Fig. 16a, c). The area near 
Pullen Island was also heavily used by whales, 
most travelling, some probably feeding. 

The 1977 study concentrated more attention 
on East and West Mackenzie Bays than had 
previous studies, and consequently more details 
of whale distribution and abundance are now 
available. In past yea rs large numbers of 
whales occupied parts of these two areas 
intermit t ently, especially in the latter half 
of July (Fi g. 20b, c, 21b). 
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In southeastern West Mackenzie Bay, the 
densities and behavior of the whales were similar 
at times to those seen in concentration areas 
such as Niakunak Bay (Fig. 20b). The high 
densities of stationary animals were all within 
the 2 m isobath. Some of the whales in this 
area also appeard to be travelling, some 
toward Niakunak or East Mackenzie Bay, and some 
toward offshore parts of West Mackenzie Bay, 
where feeding may have been taking place. 

The relatively few surveys which could be 
flown in East Mackenzie Bay revealed only modest 
numbers of whales compared to other parts of 
the study area and Kugmallit Bay (Figs. 17, 19). 
The concentrations which were observed were in 
the Kendall concentration area, as defined in 
Fig.!. In the intermittent-use area of East 
Mackenzie Bay, a relatively high density of 
whales was seen only once (Fig. 21b). As noted 
previously (Fraker 1977a; Fraker et al. 1978), 
the region near Pullen Island wa~ used heavily 
by whales which were travelling to and from 
East Mackenzie Bay. 

Concent ration areas 

The concept of concentration areas is cen
tral to a discussion of white whale distribution 
and the possible governing factors. Fraker 
(l977a) defined a concentration area as "an area 
where relatively large numbers of whales congre
gate consistently during much of the summer 
(opern-water) season, year after year." In the 
following paragraphs we will discuss this concept 
further and expand on its definition. 

However defined, an indication of the prob
able constancy of concentration areas is provided 
by the long-term presence of Inuit whaling camps. 
While minor changes in location have occurred, 
camps have been in the same general area for 
a long period of time. For example, whaling 
camps have been present near the mouth of East 
Channel for at least 500 years (McGhee 1974). 
Stefansson (1913) found the Inuit whaling at 
Niakunak in 1907, and Fraker's (1977a) informant 
told of hunting in the same area since near 
the beginning of the 20th century. Hunting has 
al so taken place near Kendall Island for many 
years (McEwen 1955). 

Geographical extent : At any given time, a 
concentration of whales does not occupy the 
entire concentration area as shown in Fig. 1. 
Instead, a smaller area is used as, for example, 
in Niakunak Bay on 8 July (Fig. 18b). It is 
easy to place a geographical boundary when the 
concentration is sharply defined, but when the 
whales are more spread out, the perimeter of 
the concentration is more difficult to decide 
on. Clearly high density (the number of whales 
per unit area) is implicit in the word concen
tration, but because of inherent limitations in 
the technique of surveying whales in turbid 
water under various weather conditions and 
the possible flux of animals within the study 
area, absolute density cannot be used . 

Absolute density could vary for several 
reasons. Early and late in the season there 
are fewer whales in the concentration areas, 
as there is a general movement t o or from the 
estuary. Occasionally a large propo r tion of 
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the whales may leave one concentration area to 
utilize an intermittent-use area or another con
centration area (Fraker 1977a, see below). In 
addition, the whales may at times spread out over 
a much larger area (Figs. 18, 20), possibly as 
the parameter(s) they may be seeking becomes 
more generally available. Apparent density, 
based on the observations during aerial surveys, 
can vary according to the prevailing visibility 
conditions and the behavior of the whales. 

Thus, while the density of whales must be 
taken into account in defining a concentration on 
any given day, the factors affecting apparent 
density, ie. the density which is actually seen 
during aerial surveys, defy objective, quanti
tative analysis under the conditions prevailing 
in the Mackenzie estu6ry. 

Behavior: Whal es in the concentration areas 
were frequently observed in small groups of 3-20 
individuals (Fig. 22). Often the whales in such 
groups were practically motionless, and any 
activity took place at a slow pace. The animals 
were most often oriented in a variety of direc
tions, but sometimes they were all oriented in the 
same direction. Rarely, the whales formed a 
rosette with their heads all directed toward the 
centre of the group. We have termed this behavior 
gamming, which is an old whalers' term defined by 
Webster's New Collegiate Dictionary (1973) as 
10 ••• a visit or friendly conversation .... 10 

A group of gamming whales we have termed a ~. 

Gams are comprised of different size cate
gories (probably representing different ages and 
both sexes) including calves. When the animals 
are active, movement is at a slow pace and diving 
and surfacing tend to be synchronous or nearly so. 
Gams were observed most commonly under practically 
calm water conditions, but they were also seen 
under rougher sea conditions. The apparent de
crease in the number of gams observed under 
rougher sea conditions may have been a function 
of poorer observation conditions, or possibly the 
whales may have more difficulty remaining close 
to one another. In rougher seas, most individuals 
within a gam were oriented into the wind. 

The association of small numbers of whales 
into groups appears to be a form of social behav
ior which has not previously been described for 
white whales. Gams were seen only in the concen
trations, and we believe that this indicates that 
the concentration areas may serve a social func
tion. However, not all whales in a concentration 
form gams, at least not at anyone time. Even 
on calm days, many whales can be seen swimming 
alone or in pairs near gams. Whether these 
individuals do not form gams, or whether gamming 
is a short-lived phenomenon in the activity 
cycle of white whales is not known. 

Because the whales in gams often are apparen
tly resting at the surface or moving slowly and 
more-or-less synchronously, it seems probable 
that they are communicating with each other. This 
possibility is reinforced by the fact that they 
sometimes form a rosette with their heads forming 
the center. Gams may represent a so~ial unit 
~imilar to the small pods of other gregarious 
od0ntocetes such as killer and pilot whales. 

We su spect that gamming is a significant 
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aspect of the whales' life history in the estuary, 
and future studies should place emphasis on 
determining the details of this phenomenon. 

Duration of stay: An area where whales con
gregate briefly in large numbers probably differs 
in significance from an area where whales (usually 
associated in concentrations) regularly gather. 
Figure 19 shows that large numbers of whales, 
mostly in concentrations, occupied Niakunak Bay 
during July in ]975 and 1977. The limited data 
available suggest that the concentration area de
fined for the Kendall-Garry-Pelly Islands area of 
East Mackenzie Bay is not occupied until later, and 
is not used for as long a period as similar areas 
in Kugmallit and Niakunak Bays (Fig. 17, 19: 
Fraker 1976, 1977a; Slaney 1973, 1974a, 1975). 

Occasionally, some of the whales in West 
Mackenzie Bay associated in concentrations 
(Figs. 20b, c). These were seen during surveys 
conducted in the latter half of July (19, 24, 
31 July); no concentrations were observed on 
5, 13, or 28 July. The concentrations in East 
and West Mackenzie Bays were similar to those in 
Niakunak and Kugmallit Bays in every apparent way, 
except that they were not continuously present 
during the summer. Previous whale research in 
the study area has not been sufficiently intensive 
to firmly resolve the question as to whether or 
not the pattern observed in 1977 is typical, but 
tentatively it appears the concentration areas 
defined in East and West Mackenzie Bays may be 
used less intensively than those in Niakunak and 
Kugma 11 it Bays. 

Redefinition of concentration area: At this 
point the following refinement of the definition 
of concentration area is offered: 

CONCENTRATION AREA: An area where relatively 
large numbers of whales congregate. Concentra
tion areas are used for an extended period 
during the summer; in the case of the Mackenzie 
estuary, concentrations may occur for approx
imately one month, mainly in July. Whales in 
concentrations appear to be more-or-less 
stationary. Gamming behavior may be character
istic of concentration areas. 

Location of concentration areas: Figure 23 
shows the perimeters of the Niakunak and 
Kendall-Garry-Pelly concentration areas as 
defined by superimposing the extent of the whale 
concentrations during each survey conducted in 
1977. As seen by examining Fig. 1, with the 
exception of the northeastern portion, the 1977 
Niakunak concentration area falls within the 
boundary drawn on the basis of five years' data 
by Fraker (1977a). Thus, the composite perimeter 
has been expanded slightly to encompass the 1977 
information (Fig. 24). As mentioned in the 
discussion of Niakunak Bay, the whales did not 
occupy the southeastern portion of that bay in 
1977, possibly as a result of disturbance from 
hunting activities. 

There is a greater difference between the 
Kendall-Garry-Pelly concentration area, as 
defined on the basis of 1977 data, and the area 
as previously defined (Fig. 1). This may owe 
to the fewer data available from this area and/or 
more variability in the actual area used in any 
given year. 
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Fig. 22. Photograph of a gam of white whales in Niakunak Bay, July 1973. Gams 
were observed only in whale concentrations and imply a social significancE 
to the whales' us of the estuary. 
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Intermittent- use area 

Noting that large numbers of whales sometimes 
occupy parts of East and West Mackenzie Bays, 
Fraker(lg77a) defined these as intermittent-use 
areas (Fig. 1). Large concentrations of whale~ 
apparentlydo not persist in such areas for more 
than a few days at a time, and in some years only 
low numbers may be seen at all in some parts . 

Although a few whales were present in the 
intermittent-use area of West Mackenzie Bay 
on all surveys during 1977 (Fig. 20a), substant i al 
numbers were not observed in the general region 
until 19 July when 160B were estimated. Most of 
the animals were inthe parts of the bay classified 
as an intermittent-use area (Fig. 20b, c). More 
than 2000 whales were estimated on 28 July (Fig. 
17). Because whales were observed out to the 
perimeter of the surveyed area, the boundary of 
the intermittent-use area has been extended 
(Fig . 24). The actual area used by the whales 
includes a larger but as yet undefined region. 

Except for 20 July, when approximately 100 
whales were seen about 6 km east of Kendall Is l and 
(Fig. 21b), only very small numbers were present 
in East Mackenzie Bay outside of the concentration 
area. However, generally poor weather limited 
the number of surveys which could be flown in this 
area, and the paucity of sightings of large 
numbers of whales may be a reflection of the 
relatively poor conditions prevailing during the 
few surveys which were possible. 

As discussed below, part of the intermittent
use area may serve as a feeding ground. Also 
the eastern part of West Mackenzie Bay may 
function partially as a broadly defined travel 
route used by whales moving between Niakunak Bay 
the Garry Island area (Fig. 20b). Similarly, 
most of the whales observed in East Mackenzie 
Bay (outside of the concentration area and the 
previously defined travel route) appeared to be 
travelling (Fig. 21b, c), although the density 
of use was not great enough to classify the area 
as a travel route. 

That the intermittent-use areas may be a 
general phenomenon is indicated by Hay and 
McClung (1976) who observed periodic use of Barrow 
Strait by white whales which were concentrated in 
Cunningham Inlet, Somerset Island. They hypoth
esized that such behavior was related to feeding. 

Travel routes 

Most of the whales observed in travel routes 
appear to be moving from one place to another, 
although other activities, particularly feeding, 
have also been observed in such areas (Fraker 
1977a, b). The areas which best fit the defini
tion of travel routes are in Kugmallit Bay and 
along the Tuktoyatuk Peninsula (Fig. 1); geogra
phical constraints probably force the whales to 
use nar~owly defined areas in these regions. 
Except for the vicinity near Pullen Island, 
the geography of the study area appears to allow 
for movement to take place through broadly defined 
portions of the intermittent-use areas. 

Feeding 

In many instances in 1977, particularly 
after mid-July, whales were seen engaged in what 

was probably feeding. Two types of behavior 
suggested feeding: 

1. Whales diving while gulls (mostly Glaucous 
Gulls, Larus hyperboreas ) were present nearby, 
possibly to take advantage of scraps of food. 

2. Whales in the intermittent-use area in West 
Mackenzie Bay diving deeply, usually in the 
absence of gulls. 

The former behavior was seen most often near 
points of land around which migrating fish 
might be concentrated (Fig. 25). Whales which 
were probably feeding were also seen near the 
mouth of the Blow River; a whale taken from this 
location in 1976 contained six fresh loche or 
burbot (Lota lota ) (Fraker 1977a). 

Anadromous fish make considerable use of 
coastal regions as they move between the 
Mackenzie River system and various parts of the 
Beaufort Sea. In particular, large numbers 
of arctic and least cisco (Coregonus autumnalis 
and C. sardinella , respectively), broad and 
humpback whitefish (Coregonus nasus and C. 
clupaeformis , respectively), burbot, and inconnu 
(Stenodus leuchichthys nelma) move along the 
coast of the Tuktoyaktuk Peninsula in late 
summer and fall (Slaney 1977; Poulin 1977): 
these same species plus arctic char (Salvelinus 
alpinus ) are also found in the waters off the 
Yukon coast. (Kendel et al. 1974). Migrating 
anadromous fish plus some marine species are 
found near Pullen Island (Percy 1975; Poulin 
1975). Thus, if the whales are feeding in 
specific areas along coastlines (Fig. 25), 
it is most probably associated with migrating 
anadromous fish. 

Deeply diving whales, sometimes attended by 
gulls, were seen in West Mackenzie Bay in the 
latter part of July 1977 (Fig. 20c). For 
example, on 24 July about 20 percent of 227 
whales observed were diving in the area outside 
the 3 m isobath; most were in water deeper than 
5 m (Fig. 25). It is possible that these whales 
were seeking some factor, such as cooler water, 
but is seems more likely that the deep diving 
represents feeding behavior. 

The possible use of offshore areas of 
West Mackenzie Bay for feeding is in striking 
contrast to observations in Kugmallit Bay where 
the large numbers of whales present are never 
seen spread out or diving deeply (Fraker 1977a, 
b). The biological productivity of both West 
Mackenzie and Kugmallit Bays is low (Grainger 
1975; Wacasey 1975), but published fisheries 
data are lacking for the offshore portions of 
these regions. Grainger (1975) and Wacasey 
(1975) observed increa sed productivity in off
shore regions which were under less influence 
from the turbid Mackenzie River outflow . The 
influence of the Mackenzie decreases as one 
proceeds north and west in West Mackenzie Bay, 
and thus it may be that the diving whales are 
in a zone of relatively high productivity. 

If whales are feeding in these areas, how 
can it be reconciled with the observation that 
very few stomachs of harvested animals conta ined 
anything more than a few squid beaks (Fraker 
1976, 1977a, b; Slaney 1974, 1975)7 A possibl e 
explanation is that food may be digested very 
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quickly, so that by the time the animals have 
returned to the concentration areas where they 
are hunted, the stomachs are empty. Seals are 
known to pass food through their systems in as 
little as two hours (Dr. T.G. Smith, pers. comm.), 
and whales which consume a similar diet may also 
digest food rapidly. 

WHALE DISTRIBUTION IN RELATION TO OCEANOGRAPHIC 
FACTORS - RESULTS 

Early July 1977 

The first oceanqgraphic survey (4 July 1977) 
was conducted just as large numbers of whales 
were first appearing in the estuary . On 3 July 
an estimated 500 whales were concentrated at the 
mouth of Shallow Bay (Fig. 27a). On 5 July, an 
estimated 3B4 whales were observed in the eastern 
part of West Mackenzie Bay; all were travelling 
toward Niakunak Bay . 

If we assume that the oceanographic condi
tions on 3 and 5 July were similar to those seen 
on 4 July, which is reasonable because of the 
light winds during this period, the relationship 
of whale distribution to oceanographic factors 
can be examined. 

Nearly all of the whales were in water of 
less than 2 m (Fig. 27a). The whales in Shallow 
Bay were in an area where mudflats extend away 
from shore for a considerable distance and the 
water is often 1 m or less in depth. Even after 
hunting began on 3 July and the distribution 
shifted further north (Fig. 18a, b), the whales 
were still in water less than 2 m deep. 

The whale concentration on 3 July was inside 
the 10°C isotherm near the mouth of Shallow Bay. 
Because radiant heating from the sun can warm the 
shallow waters considerably, the area occupied 
by the whales may have been closer to 11°C, as 
it was at oceanographic station 6 (Table 1). 
Similarly, the whale concentrations observed on 
6 and 8 July (Fig. 18a, b) were also in water 
which was at least 10°C and probably warmer. 

In early Jul~, all of the whales were in 
water which was 1 / 00 or less in salinity (Fig. 
27c). The turbidity in the whale concentration 
areas was between about 100 and 150 ppm (Fig. 
27d). A very large part of the study area showed 
salinity and turbidity levels similar to those 
seen where the whales concentrated. 

In summary, the whales showed an apparent 
tendency in early July to occury some of the 
warmest parts of the s tudy area. Although there 
were other areas with s imilar temperature, the 
area which wa s first used by the whales was 
very near Reindeer Channel which carries about 
one-third of the total Mackenzie River discharge. 
After hunting began, the whale concentration moved 
north but stil l remained in a region of warm 
wa ter. 

19- 20 July 1977 

On 19-20 July there were high densities of 
whales in Niakunak Bay and also in eastern 
West Mackenzie Bay (Fig. 28). Large numbers of 
whales, many apparently feeding, were spread 
out in the northern and western parts of West 
Mackenzie Bay. 

The highest densitites were in water which 
was about 2 m deep (Fig. 28). However because 
of decreased river flows and generally offshore 
winds, the actual depths during this time may 
have been somewhat less than those indicated. 

The whale concentrations in Niakunak and 
West Mackenzie Bays were in water which was 
about 13°-15°C (Fig. 28b). The high densities 
of whales were found over a much larger area 
than they had been earlier, and they extended 
to include not only part of Niakunak Bay but 
also shallow areas of eastern West Mackenzie 
Bay. The general warming of the estuary was 
striking in comparison with conditions observed 
two weeks earlier (Fig. 27); and it is possible 
that the wider distribution of whales was related 
to the warmer temperatures. 

Salinity in the areas occupied by whale 
concentrations ranged from about 1%0 to possibly 
as high as 12%0 (Fig. 28c). The area of 1% 
salinity and less was much reduced from that 
seen on 4 July . Turbidity in the concentration 
areas was between 40 and 70 ppm, which was 
about one-half of the values observed two weeks 
earlier. There was little apparent relationship 
between whale distribution and salinity or 
turbidity. 

In summary, relatively high densities of 
whales were found in waters of approximately 2 
m on 19-20 July. The whale concentrations were 
spread out over a much larger area than had 
been seen earlier, concomittant with a general 
warming of the water in the estuary. The 
whales were found in waters ranging from 13°-15°C, 
which was a minimum of 2° warmer than was 
observed in areas occupied by the whales two 
weeks earlier. Marine water intruded into 
Niakunak Bay with the result that sa li nit ies 
up to 12%0 were found in the area of whale 
concentration . Turbidity, on the other hand, 
wa s lower than that seen earlier, rang ing from 
40 to 70 ppm. 

25 July 1977 

The whale concentration in Niakunak Bay 
was again mainly in water of less than 2 m, while 
nearly all of the whales in West Mackenz ie Bay 
were in water deeper than 2 m (Fig. 29a). There 
were relatively high densities present in water 
between 2 and 5 m deep, and in deeper water there 
was a large number of widely dispersed animals. 

The concentration of whales in Niakunak Bay 
was in water of between 14°-16°C, and the rela
tively high density aggregations in eastern West 
Mackenzie Bay were in water of 12°-14°C (Fig. 29 
b) . Some whales near the perimeter of the study 
area were in water which was at least as cold 
as 6°C, and those whales which were diving would 
have encountered water of about _2°C. No whales 
were observed in water of 16°C or warmer. 

The whales occupied areas with a wide range 
of sa linities (Fig. 29c) .. In the high density 
areas of Niakunak Bay, sa linity ranged from 1-2%, 
while high den sities of whal es in Wes t Mackenzie 
Bay were found in water with up to 4%0 . Some 
whgles in the study area were in water up to 
18 /00. 

Text continued on page 49. 
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Turbidity in the study area ranged from less 
than 10 to about 40 ppm, and the whales occupied 
waters throughout most of this range (Fig. 29d). 
Most whales were in water of between 10-35 ppm . 
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In summary, the whales concentrated in 
Niakunak Bay were in water approximately 2 m deep, 
while the relatively high densities in West 
Mackenzie Bay appeared to be in water up to 5 m 
deep. The water temperatures in the Nigkunak 
Bay concentration areas were between 14 and 16°C. 
The relatively high densities of whales in 
West Mackenzie Bay were in water between 12° and 
14°C although water up to 17°C was present in 
Niakunak Bay. The salinity in the Niakunak 
concentration ranged from 1-2% 0, while high 
densities of animals in West Mackenzie Bay were 
found in water up to 4%0 . Most whales were 
in water of between 10-35 ppm turbidity, which 
was about half that seen the week before and less 
than one-quarter of the turbidity of three 
weeks earlier. 

4 August 1977 

The main concentration of whales of 4 August 
was located in Niakunak Bay in water less than 2 m 
deep, although very small numbers were present 
out to the edge of the study area in water 
between 30-50 m (Fig. 30a). 

The surface temperature in the whale 
concentration, which was probably also true 
throughout the water column in the shallow water, 
was above 18°C (Fig . 30b). Although the surface 
temperature in West Mackenzie Bay was 14°C or 
warmer, whales diving in the deeper areas would 
undoubtedly have encountered water of about _2°C 
below about 5 m (Fig. 11). 

The whale concentration was in water up to 
about 6%0 sali nity (Fig. 30c) . Whales in 
deeper water further offshore were in water of 
up to 10%0 at the surface. 

The whale concentration was in water contain
ing 50 to about o125 ppm turbidity (Fig. 30d). 
Whales further offshore encountered lower turbid
ities , some less than 10 ppm. 

Wha le di stribution in r elat ion t o waves 

Whales were observed in relatively high 
densities over a wide range of wave heights 
during the aeria l surveys (Table 3). Under the 
conditions when observations were made, there 
was no tendency for the whales to seek sheltered 
locales. However, surveys could not be flown 
in winds greater than Beaufort wind scale force 5. 

WHALE DISTRIBUTION IN RELATION TO OCEANOGRAPHIC 
FACTORS - DISCUSSION 

The whale concentrations observed during 
1977 in Niakunak, West Mackenzie, and East 
Mackenzie Bays were generally in water less than 
2 m dee p (Fig. 18, 20, 27a-30a), and often the 
depths were probably about 1 m. This relationship 
also hold true for the Hendric kson whale concen
tration area in Kugma llit Bay (Fig. 24). The 
areas occupied by white whal es in estua r ies 
elsewhere in the Arctic are also shallow, but 
depth measurements are not available (Finley 
1976; Hay and Mc Clung 1976; Sergeant 1973). 

There is no apparent reason why depth in itself 
should be important to white whales, and it is 
likely that depth is merely correlated with other 
factor(s) sought by the whales. 

The early whale concentrations were in 
very fresh water «1%0 ), wrile later concentra
tions were in water up to 12% 0 (Figs. 27-30c). 
The amount of fresh water became more restricted 
as the summer progressed and the river's flow 
decreased, while the whales became more widely 
spread in the study area. There was no consistent 
pattern of distribution of whale concentrations 
in relation to salinity. 

As with salinity, turbidity appeared not to 
influence whale distribution (F igs. 27d-30d). 
There is not obvious reason why whales should 
find an advantage in turbid water, and whales 
at several locations in the eastern arctic nre 
found concentrated in clear estuaries (Finley 
1976; Hay and McClung 1976). 

Under the conditions observed in 1977, there 
was no tendency for the whales to utilize more 
sheltered parts of the estuary (Table 3). How
ever, it is empha s i zed that it was impractical 
to carry out observations during severe storm 
conditions. 

Temperature appears to most easily explain 
the location of whale concentrations in the 
Mackenzie estuary. There are three lines of 
evidence pointing in this direc t ion: 

1. Early in the period when the whales congregate 
in the estuary, the concentrations are most 
localized and well defined (Figs. 18-20, 27-
30). It i s also at this time when the 
areas of warmest temperature are most local
ized and limited, and it is in some of these 
warmest areas where the whales fir st congre
gate. As the water' in the estuary becomes 
generally warmer, the whales occupy a much 
broader area, including parts of East and 
West Mackenzie Bays. In contrast, low-salin
ity, highly turbid water is widespread early 
on, but is more restricted later as the 
Mackenzie discharge decreas es in volume (Figs. 
9, 12, 13) . 

2. The whale concentrations early in the season 
were associated with particularly shallow 
areas (Figs . 18a , b, 27). Salinity and 
turbidity are practi ca lly unaffected by 
water depth, but in contrast, water temper
ature in shallow area s can become appreciabl y 
warmer (several degrees ) because of radiant 
heating by the sun. 

3. It i s easier to propose a more plau sible 
phys iological s ignificance for warm water 
temperature than for low sa l inity or high 
turbidity, and the general patterr, of behavior 
involving mig ration to areas of warm water 
during part of the year is common to a 
number of speci es of whales . 

Although the whales tended to occu py areas 
of warm water, there were some apparent deviations 
from this . On 4 July 1977, the warmest tempera
ture was recorded at st ation 14 which wa s not 
particularly near the wh ale concentration (Table 
1). It may be that station 14, whi ch was in 
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water of about 0.5 m, was representative of 
conditions in areas which were too shallow for 
the whales to utilize. 

It may also be that the whales congregate 
where the greatest volumes of Mackenzie River 
water discharge into the estuary. Thus, the 
Niakunak, Kendall, and Hendrickson whale concen
tration area s are associated with major channels 
which carry approximately 32, 17, and 28%, 
respectively, of the Mackenzie River discharge 
(Fig. 2). This association may be related to 
the historic reliability of conditions dominated 
by enormous quantities of discharge, or these 
large discharge areas may be the principle 
factor upon which the whales can orient them
selves. It is important to note that the ocean
ographic studies which were conducted, while the 
most detailed available, show conditions at 
five particular instants in time in one season, 
and thus they do not reflect seasonal or year
to-year variability which may be important to 
the whales. 

Native hunting may have significantly 
affected the apparent relationship between whale 
distribution and oceanographic factors. On 
the basis of observations from this and previous 
studies (Fraker 1976, 1977a), disturbance from 
hunting activity appears to result in a change 
in the distribution of the whal es in Niakunak 
Bay. Thus , the effects of this disturbance may 
have resulted in distribution patterns which 
the whales might otherwise not have assumed. 

There may also be changes in the whales' 
motivati on and behavior over the period when 
they are present in the estuary. For example, 
in the latter half of July, the whales period
ically moved out into deeper parts of West 
Mackenzie Bay where the water is colder, 
probably to feed . This change in behavior 
may be related to the l ength of time that the 
whales may have been fasting in the concentration 
areas. Possible, after spending a certain period 
of time in the warm water, the whales' motiv
ation to occupy particularly warm areas may 
change; in other words, the threshold tempera
ture at which the whales respond may be altered. 
In fa ct, one of the most striking results of 
this study was the observat ion that the whales 
vacated the estuary well before there had been 
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any large degree of cooling of the waters. Fraker 
(1977a) and Fraker et al. (1978) observed the 
same pattern in Kugmallit Bay. 

In conclusion, the hypothesis by Fraker et al. 
(1978) which states that the annual visit to 
the estuary by the whales i s due to the thermal 
advantage afforded to whales of all classes has 
been supported . The secondary hypothesis which 
stated that shelter from rough water was an 
additional factor determining the area occupied 
by the whales has not been supported, however, 
this study should not be considered a definitive 
test, because the behavior of the whales under 
severe wind and wave conditions has yet to be 
determined. 

FUNCTION OF CONCENTRATION AREAS 

Because the whales continue to congregate 
in the concentration area s of the estuary of 

the Mackenzie and other rivers, year after year, 
even in the face of considerable disturbance from 
hunting, we believe that the concentration areas 
are extremely important . If the visit were not 
important, the whales probably would have 
vacated areas such as those in the Mackenzie 
region, where historically there has been a 
high hunting disturbance and mortality. But 
despite the undoubted importance of the concen
tration areas, their function in the life history 
of the white whale is unknown. 

The annual visit of the white whales at the 
estuary coincides with the appearance of large 
numbers of newborn calves (Finley 1976; Fraker 
1977a, Sergeant 1973). In the clear water of 
Creswell Bay, Somerset Island, in the easern 
Arctic, Finley (1976) followed the increase in 
numbers of neonatal calves from late July to 
mid-August 1975; the proportion of calves 
present in the bay increased from 4% (24 July) 
to 17% (21 August). Although a similar pattern 
probably exists from late June to early August 
in the Mackenzie estuary, the extremely turbid 
water precludes counts of the dark-coloured 
neonates. However, in the absence of informa
tion to the contrary, it is reasonable to 
assume that a similar situation exists in the 
Mackenzie estuary, although the timing may 
be somewhat different. 

Because there is an increase in the propor
tion of the herd which is made up of calves 
while the whales are in the concentration areas, 
it does not automatically follow that they were 
born there. In fact, there are observations of 
sUbstantial numbers of neonatal calves which 
were certainly born in cold offshore waters. 
On 6 June 1977, Braham and Krogman (pers. comm.) 
observed 27 cows with neonatal calves migrating 
past Point Barrow, Alaska; probably these 
animals eventually arrived at the Mackenzie 
estuary later in June or in July (Fraker 
1979. During reconnaissance surveys on 21 
and 24 July 1977, Fraker (1977b) observed a 
minimum of 12 females accompanied by neonatal 
calves travelling southwestward along the 
Tuktoyaktuk Peninsula. While it i s possible 
that these ca lves had been born in the Mackenzie 
estuary, sub sequentl y left, and were observed 
during their return, it seems more probable that 
they had been born offshore and were observed 
travelling to the estuary for their fir s t visit 
there. Long (pers. comm.), a helicopter pilot, 
reported seeing a female with a newborn calf 
a few miles north of Baillie Islands in mid-June 
1977. In the eastern Arctic, Finley (1976) 
made a number of observations of neonates in 
Barrow Stra it; some of these observations were 
made well offshore and preceded the arrival of 
whales at estuaries. 

In an effort to test Sergeant's (1973) calv
ing hypothesis, Hay and McClung (1976) observed 
whales in Cunningham Inlet on the north shore 
of Somerset Island, N.W.T. They logged many 
hours during observations of whales from a tower 
in the estuary but failed to observe a s ingle 
birth. However, a birth i s a brief event and 
the chance of actually witnessing a birth is 
sma 11. 

While it seems possible that a s ignificant 
proporti on of white whale calves i s born outside 
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of the estuaries, it is also likely that some are 
born in or near the concentration areas of the 
Mackenzie estuary. Slaney (1975) reported that 
three of 10 female carcasses which were examined 
in Kugma11it Bay as of 26 July 1974 had after
births including severed umbilical cords in 
the uteri; this indicates that calving had 
occurred only a short time before they were 
killed. Fraker (1977a) observed a female 
taken in Niakunak Bay in July 1976 which also 
contained an afterbirth . 

If the concentration areas do serve as 
calving grounds, one would predict that females 
pregnant with term-calves should appear in the 
harvest. Roughly one-third of the sexually 
mature female population can be expected to 
give birth in any given year (Brodie 1971). At 
any given time in the estuary, if calving takes 
place there, some of this third will have given 
birth while the others will still be carrying 
term-calves, particularly if calving is protrac
ted over one month, as the observations in 
Creswell Bay suggest (Finley 1976). Because 
hunting is most intensive early in the season, 
because the native harvest is composed of 20% 
females (approximately 30 animals per year), 
and because practically all of the hunting takes 
place in the concentration areas (Fraker 1977a, 
b; Fraker et a1. 1977; Slaney 1974), one would 
predict that a substantial number of females 
containing term calves would appear in the 
harvest if the concentration areas were calving 
areas. But there is only one known instance of 
such an occurrence when a hunter from Tuktoyaktuk 
kil led a female containing a term calf in 1976 
(Fraker 1977a). This was the only one within 
the memories of the hunters which were inter
viewed. 

The failure of several predictions to be 
verified casts the calving hypothesis into 
doubt. There are now a sufficient number of 
observations of neonatal calves outside of 
concentration areas to suggest that some whales 
normally calve outside of estuaries and that at 
least some calves can survive being born into 
cold water. 

The pattern of several species and stocks 
of great whales moving to warm water during 
the period when calves are born is well estab
lished. For example, humpback, fin, and blue 
whales all undertake long migrations from cold 
regions in each hemisphere to tropical waters 
during the winter period when the calves are 
born (Dawbin t966). Similarly, the Cal ifornia 
gray whales spend the summers in the Bering 
and Chuckchi Seas and the winter in the lagoons 
of Baja California, Sonora, and Sinaloa (Rice 
and Wolman 1971). All of these species give 
birth in warm-water regions. But calving cannot 
be the whole reason why the whales undertake 
these migrations, because the entire population 
is involved, not just the calving females. 
Similarly, the white whales in the Mackenzie 
estuary in a given year include severa l classes 
of animals in addition to females which have 
or will give birth to a calf in that year: there 
are adult males (Fraker 1976, 1977a b; Slaney 
1973, 1974, 1975), females pregnant with the 
next year's calves (Slaney 1975), females 
nursing calves of the previous year (Fraker 
unpub1.), and probably immature animals of 
both sexes. 

Social factors may require that the whales 
remain together . In the case of white whales, 
the gamming behavior observed in the concentra
tion areas suggests that social factors are 
involved. Feeding does not appear to be a major 
factor. The great whales practically fast 
during the periods which they spend in warm 
waters (Rice and Wolman 1971; Scammon 1974; 
Small 1971). Similarly, because nearly all 
the stomachs of whales taken in the Inuit fishery 
are empt1y, the white whales in the Mackenzie 
estuary appear to feed very little while in the 
concentrations areas (Fraker et a1. 1977), 
although some feeding probably does occur there 
(Fig . 25). However, in the case of the white 
whales in the Mackenzie estuary, a significant 
amount of feeding may occur in the intermittent
use area s (see section on Feeding). 

Because whales of all classes congregate 
in the concentration areas, Fraker et a1. (1977) 
hypothesized that " ... white whales congregate 
in the estuary primarily for the thermal advan
tage to all classes of whales, including newborn 
calves." This hypothesis is consistent with 
Brodie's (1975) hypothesis that the migrations 
of the great whales reduces energy requirements 
of whales of all classes. It still seems 
reasonable that the warm water would be most 
important to the calves, because the calves, 
with their surface-to-vo1ume ratio would tend 
to lose heat more rapidly than the larger adults. 
Thus it is possible that an importnat function 
of the concentration areas is to provide a 
favourable environment for rapid growth of 
calves. The visit to the estuary may also allow 
adults to conserve energy. How important 
possible feeding in the nearby intermittent-use 
areas might be, is unknown . 

RECOMMENDATIONS FOR FURTHER STUDY 

This study has resulted in detailed inform
ation about patterns of distribution, relative 
abundance, movement, and behavior of white 
whales in the Mackenzie estuary and about poss
ible relationships with oceanographic factors. 
This improved data base can assist in the 
management and protection of whales in the 
Mackenzie region and elsewhere. However, there 
remain important gaps in our understanding 
which must be addressed before definitive 
assessments can be made of the impli cations 
of exploration and development of offshore oil 
and gas reserves and of potential oil spi lls. 

Because hydrocarbon exploration and devel
opment in the arctic regions will likely increase 
in the future, more information is needed to 
ensure that whales are properly protected . Many 
aspects of the ecology of white whales are 
complex, variable from year to year, and diffi
cult to study, and therefore considerable time 
is required before sufficient information can 
be obtained to allow adequate assessment of 
the impact of these new activities and the 
development of management strategies. Although 
the informati on on whales in the Mackenzie 
estuary is sufficient to implement protective 
measures to ensure minimal and acceptable 
level s of disturbance at the current level of 
offshore oil and gas exploration, it is not 
adequate to assess the implications of develop-



ment and production or of oil spills. To provide 
some of the required informat ion, we recommend 
the following studies: 

FURTHER STUDIES OF WHITE WHALE DISTRIBUTION AND 
ABUNDANCE IN RELATION TO PHYSICAL/CHEMICAL 
CHARACTERISTICS OF THE MACKENZIE RIVER ESTUARY 

To provide an adequate basis for assessing 
year-to-year variations in the pattern of use 
of the estuary by whales in relation to the 
range of variability in oceanographic conditions, 
more than one year's data are required. It is 
recommended that at least one further year of 
whale aerial surveys be conducted concurrently 
with oceanographic surveys at a simila r freq
uency and level to those conducted during this 
study. Based on knowledge gained during the 1977 
study, greater emphasis should be placed on 
surveys early in the season when there are the 
most rapid changes in oceanographic conditions 
and their influence on whale behavior should be 
most apparent. These surveys might be supple
mented with aerial infrared radiometry to map 
surface water temperatures. Particular attention 
should be placed on mapping the occurence of 
gamming behavior. 

Current aerial survey techniques provide 
valuable information, but are inherently limited 
because it is not possib le to follow individual 
whales . Therefore, the possibility of conducting 
concurrent studies utilizing radio transmitters 
and/or visual identification tags should be 
considered. 

EFFECTS OF HUNTING ON WHALE DISTRIBUTION 

As was suspected previously, whale distri
bution in Niakunak Bay, and probably in other 
areas, can apparently be affected by activities 
associated with hunting. A study should be 
directed at documenting these effects in detail. 
A change in distribution following the initiation 
of hunting activities early in the season should 
be looked for, as should any changes resulting 
from day-to-day hunting activity . Interviews 
with old hunters should be conducted to try to 
ascertain whether there are any changes in 
whale distribution that are correlated with 
the advent of modern hunting techniques which 
utilize power boats, rifles, and harpoons. 

In addition to furnishing basic information 
on the effects of hunting on whale distribution, 
this study would provide an initial basis for 
distinguishing between effects caused by hunting 
and those cause by modern day industrial 
activities. 

STUDY OF WHITE WHALES IN A CLEAR-WATER ESTUARY 

Berger (1977) has clearly identified 
the estuaries of the Mackenzie and other rivers 
that are used by white whales as a critical 
habitat. A study of whale distribution in 
relation to oceanographic factors in another 
estuary is needed to provide a basis for compar
ison with the results of this study and for 
extrapolating our understanding to other 
estuaries used by white wha l es. The improved 
visibility afforded by a clear-water estuary 
would allow the distribution of whales of differ-
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ent age classes (e.g. calves) to be determined 
and would enable more detailed observations of 
behavior to be made. The estuary chosen should 
be free of disturbance from hunting or industrial 
operations. 

The hypothesis which Fraker et al. (1978) 
proposed states that newborn calves are likely 
to be prime beneficiaries of the warmer environ
ment. Thus, a corollary of this hypothesis is 
that the calves (and their mothers) should 
tend to congregate in the warmest parts of the 
estaury, particularly early in the season when 
warm water is restricted to relatively small 
areas. This should be field tested. 

FEEDING IN THE MACKENZIE ESTUARY REGION 

Because of the lack of food in the stomachs 
of whales taken in the harvest, the possible 
significance of feeding in the Mackenzie estuary 
has been largely ignored. However, the results 
of this study strongly suggest that feeding 
may be a major activity in the deeper portions 
of the intermittent-use area in West Mackenzie 
Bay. Whales may make s imilar use of unsurveyed 
waters north of the study area. Aerial surveys 
should be used to document the presence and 
behavior of whales in these regions, and there 
should be surveys of the fish and invertebrates 
in the area which may serve as food. Whales 
from this region should be collected and their 
stomach contents analysed. 

These possible feeding areas may prove to 
be critical habitat because of their proximity 
to the warm-water concentration areas in the 
~1ackenzie estuary. This knowledge is important 
in the assessment of the possible impact on the 
food chain which might result from the effects 
ofa potential oil spill. 
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