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AABBSSTTRRAACCTT

To assess the size and trends of the abundance of the bowhead whale (Balaena mysticetus), the bel-
uga, or white whale (Delphinapterus leucas), and the narwhal (Monodon monoceros) visual aerial
surveys were conducted in West Greenland in March 1998 and 1999. An estimated 49 bowhead
whales (95% CI: 13 to 188) were present at the surface in 1998. Data from land-based observations
enabled correction for bowhead whales that were not available at the surface to be seen during the
survey. By applying a rounded average of 80% (SE=3) for submergence an estimate of 246 bow-
head whales (95% CI: 62 to 978) in 1998 was obtained. The 76 and 47 sightings of beluga pods in
1998 and 1999, respectively, had distributions similar to those of previous surveys with the highest
concentration at the northern edge of the northern part of Store Hellefiskebanke. No belugas were
seen in the southernmost area between Maniitsoq and Paamiut. The index estimate of the abun-
dance of belugas comparable with previous surveys was 929 (95% CI: 563 to 1,533) in 1998 and
735 (95% CI: 436 to 1,239) in 1999. When analysing the sightings as a line-transect survey and cor-
recting for whales that were either submerged or at the surface but missed by the observers an esti-
mated 7,941 (95% CI: 3,650 to 17,278) belugas wintered in West Greenland in 1998-1999. The un-
corrected estimate of narwhal abundance was 524 (95% CI: 214 to 1,284) and correcting for the
same biases as for the belugas gives a total abundance of 2,861 (95% CI: 954 to 8,578) narwhals in
1998-1999.

Heide-Jørgensen, M.P and Acquarone, M. 2002. Size and trends of the bowhead whale, beluga and
narwhal stocks wintering off West Greenland. NAMMCO Sci. Publ. 4:191-210.

IINNTTRROODDUUCCTTIIOONN

At the time of its maximum extent the
winter sea ice in Baffin Bay and Davis
Strait usually leaves a stretch of open

water along Greenland’s west coast from Cape
Farvel to Disko Bay. Normally the open water
ends at the island Imerisoq, in the middle of the
mouth of Disko Bay, but in mild winters it can
reach as far as Qeqertarsuaq. North of Disko
Bay closed pack ice prevails. The ice that ex-
tends from Baffin Island towards the west coast
of Greenland (the so-called ‘West Ice’) reaches
land approximately at Kangaatsiaq (68°N). The

compact pack ice (>9/10) of the West Ice usual-
ly begins 50 to 80 km west of the coast of
Greenland (Anonymous 1998). 

During the winter considerable concentrations
of seabirds and marine mammals can be found
along the West Greenland coast south of Disko
Bay, in the area where the ice cover meets the
open water (cf. Mosbech and Johnson 1999).
The relatively shallow water, the favourable
conditions for biological productivity and the
presence of open water makes it an ideal win-
tering ground for many species that summer
further north. The ice distribution is governed



not just by wind and air temperatures but also
by the influx of warm Atlantic water along the
West Greenland coast. The annual variations in
ice cover influence the presence, survival and
productivity of wintering animal species
(Porsild 1918, Jensen 1939, Siegstad and
Heide-Jørgensen 1994).

Many of the seabirds and marine mammals that
winter in the open water along the west coast of
Greenland are actively hunted during this sea-
son. To evaluate the conditions of the stocks
and their sensitivity to the hunt there is an obvi-
ous need to monitor changes in stock size and to
assess the actual population size in particular
for the three whale species wintering in West
Greenland.

The population of bowhead whales (Balaena
mysticetus) in the Baffin Bay and the Davis
Strait has been estimated to have numbered at
least 12,000 individuals in 1820. Before that
time the population must have been even larger
since the large catches in the 1700s had already
caused a decline in the West Greenland popula-
tion by the beginning of the 19th century
(Reeves and Heide-Jørgensen 1996). Today the
Baffin Bay population is considered to number
between 250 and 350, of which only a small
fraction occur in West Greenland (Finley 1990,
Zeh et al. 1993). Reeves and Heide-Jørgensen
(1996) constructed a core area for the main con-
centration of bowheads in West Greenland in
the area where they had observed bowheads in
recent surveys.  Maximum numbers were ob-
served in 1991, when they estimated the popu-
lation as 51 individuals (95% CI: 21 to 119).
This estimate was not corrected for animals that
were not visible because they were diving or for
visible whales that were missed by the ob-
servers. Harvesting of bowheads from this
stock is only allowed in Canada, at a low level.

The occurrence of belugas (Delphinapterus leu-
cas) in West Greenland has changed during the
last 70-90 years and a large part of the change
can be attributed to the hunt. Early in the 20th
century hunters began using motorboats to
chase belugas into narrow straits or bays and to
block their escape by the use of nets (Heide-
Jørgensen 1994). After a period with large
catches in Nuuk (1906-22) and in Maniitsoq

(1915-29), belugas disappeared from the area
south of 66° N. Later (1927-51) there has been
a period with large catches in the southern part
of the municipality of Upernavik and since
1970 in northern Upernavik. Reported catches
of belugas in the 1990s averaged about 700
whales/year (Heide-Jørgensen and Rosing-
Asvid 2002).

The belugas that nowadays winter in the open
water along the west coast of Greenland are
thought to move to the central Canadian High
Arctic where large numbers of belugas spend
the summer (Smith et al. 1985, Innes et al.
2002). There is no connection between belugas
in West Greenland and those from southeastern
Baffin Island (Richard and Heide-Jørgensen un-
published data) and only some of the belugas
from the Canadian High Arctic move to West
Greenland for the winter (Richard et al. 2001,
Heide-Jørgensen unpublished data).

As opposed to belugas, narwhals (Monodon
monoceros) winter in more than 5/10 ice cover
and are most often seen in 9/10 or denser pack
ice (Heide-Jørgensen et al. 1993). They are
present during winter throughout the close pack
ice in northern Davis Strait and southern Baffin
Bay (Heide-Jørgensen et al. 1993, Koski et al.
1994, Dietz et al. 2001). They are sighted along
the west coast of Greenland in March and April
primarily in the deep water at the southern en-
trance to Disko Bay (Heide-Jørgensen et al.
1993). In West Greenland narwhal are some-
times caught in winter as far south as 66° N, but
the bulk of winter catches are taken between
Kangaatsiaq and Qeqertarsuaq (Kapel 1977,
Heide-Jørgensen 1994). 

This report describes the results of the aerial
survey of whales that took place between
Paamiut and Qeqertarsuaq along the west coast
of Greenland during March 1998 and 1999. The
aim of the study was to assess the size of the
population of belugas and its development
since the last survey in 1994. It was also de-
signed to gather data that could be used to as-
sess the number of narwhals and bowhead
whales present in the survey area. Furthermore
it was attempted to quantify ice conditions by
using video surveillance from the survey air-
craft. The extent and type of the ice cover is
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likely the cause of some of the variations in oc-
currence and abundance of some species in
West Greenland, and its quantification may in
the future contribute an explanatory variable to
the assessment of the animal abundance.

Previous aerial surveys of belugas in West
Greenland (1981, 1982, 1990, 1991, 1993 and
1994) have shown that their numbers within the
survey area, over the thirteen years, have de-
creased by 62%, probably because of overhar-
vesting (Heide-Jørgensen and Reeves 1996).
The design of previous surveys has not allowed
for correcting the number of whales for the
fraction missed by the observers (perception
bias) or submerged out of sight when the plane
passes over (availability bias). In this study we
attempt to estimate the perception bias (as in
Marsh and Sinclair 1989) by the use of video
surveillance of the track-line directly below the
aircraft. The almost instant monitoring of the
surveyed area accomplished by the video
recording also allows for correcting for the
‘availability bias’ caused by submerged whales.
The fraction of whales that are submerged out
of sight (availability bias) was also estimated
from whales equipped with satellite-linked
time-depth-recorders (Heide-Jørgensen et al.
2001) (Fig. 1). 

Hunters in Greenland have frequently argued
that the surveys do not cover the entire area
where belugas occur in winter in West
Greenland. As a consequence a survey in 1994
was expanded with a reconnaissance flight to
Paamiut and with the inclusion of a new stratum
that covered the area between Sisimiut and
Maniitsoq. In 1998 hunters again pointed out
that belugas have been observed south of the
area covered by the surveys and several sight-
ings south of the survey area were relayed to us: 
January 14. 1998: Several hundred belugas off
Paamiut;
January 17. 1998: Plenty of belugas north of
Paamiut;
January 25. 1998: Plenty of belugas outside of
Kangaamiut; two whales captured;
March 2. 1998: 10 belugas seen west of Nuuk.
These observations were made about two
months before the surveys, so these belugas
could have moved north into the survey area by
the time the survey was conducted. No beluga
observations were reported from this southern
area in 1999. We therefore decided to make an
effort to find out if there were belugas to be
found south of the traditional survey area. For
that purpose two new strata were designed, one
to cover the area from Maniitsoq to Nuuk and
the other from Nuuk to Paamiut. Furthermore,

193
NAMMCO Scientific Publications, Volume 4

Fig. 1.
Satellite-linked 
radio transmitters
provide important
data on beluga
movements and 
diving. 
(Photo: Rune Dietz)



reconnaissance flights were conducted
along the coast to the southern tip of
Greenland and in all major fjord systems.

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS

Survey planning
The surveys were carried out from 15
March to 6 April 1998 and 16-31 March
1999 using a high-winged twin-engine
Partenavia P-68 ‘Observer’ equipped with
bubble windows for both back seats and
an observation recording system. The lat-
ter provided for the continuous recording
of position, time, altitude, speed and
course on each of the observers’ tape
recorders and on the video recorder.

Eight strata were established between
Qeqertarsuaq (lat 69° 30’ N) and Paamiut
(lat 62° 00’ N), some extending as far as 80
km west of the coast (Figs. 2 and 3). In
each stratum the transect-web was com-
posed of east-west transects separated by 5
nautical miles. The stratification followed
the design previously used to survey winter
abundance of belugas in West Greenland
(see Heide-Jørgensen and Reeves 1996).

In order to survey seabirds along the coast,
a separate web of zigzag transects was de-
signed to cover the coastal area between
Aasiat and the southern tip of Greenland
(Figs. 2 and 3). These transect lines cov-
ered the area from the coast to the 50 m
depth curve. These zigzag transects were
flown at an altitude of 400 feet (122 m).
Whale sightings on these transects were
not used in abundance estimation but were
used to illustrate whale distribution.

Visual observations
Observations of whales were made from
the right and left rear seats. The vertical
sighting angle to the centre of each pod
was measured using an inclinometer when
the pod was abeam. The distance from the
transect line was calculated as follows:

(1) distance (m) =altitude * tan (90-angle)

Data on species, angle, pod size, reaction
to the aircraft and position at passage were
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Fig. 2. 
Transects and 

strata covered by 
the aerial survey 

between 15 March 
and 6 April 1998 in

West Greenland.

Fig. 3. 
Transects and 

strata covered by
the aerial survey

between 16 March
and 31 March 1999
in West Greenland.



recorded on tape together with UTC time code
from the aircraft’s GPS (Garmin 150). 

Video surveillance of the transect line
Video recording of the area directly under the
aircraft on the transect line was maintained to
determine the number of whales missed by the
observers and to quantify ice conditions. A
Sony Hi-8 video camera equipped with a 12mm
lens mounted almost vertically (forward point-
ing about 5°) in the front of the aircraft was
used. Date, UTC-time, position, speed, course
and altitude was tapped from the aircraft’s GPS
and continuously recorded as superimposed
text on the video. By flying over a runway of
known width it was determined that, at an alti-
tude of 700 feet (213 m), the area covered by
the camera and shown on screen corresponded
to a rectangle of 45 x 60 m. Videotapes were
played back on a high-resolution monitor with
single-frame (3 frames/sec) still-picture adjust-
ment of the video player.

Recording of ice conditions
Two classes of ice conditions were utilised from
the video surveillance: water or ice. A change of
class was determined when the screen (corre-
sponding to 45 x 60 m of sea surface) was show-
ing either water only or ice only. No differentia-
tion between new ice and ice floes smaller than
the screen was made. The positions for the
changes between classes were noted from the
GPS data superimposed on the image.

Estimations of abundance
To index the population trends and to compare
results with previous surveys (1981, 1982,
1991, 1993 and 1994), strip transect estimates
with a total strip width of 1,400 m were com-
puted from the survey data from 1998 and 1999
following methods detailed by Heide-Jørgensen
and Reeves (1996). The use of strip transects
assumes a constant transect width within which
all animals are recorded. Variance of strip tran-
sect abundance estimates was estimated as the
empirical variance of bootstrapped values re-
sampled 5,000 times within each stratum with
each transect line as the bootstrapped unit.
The line transect method utilises measurements
of the distance from the trackline to each obser-
vation, from which the distribution of sightings
from the trackline can be established. From this

the width of the effective survey area is deter-
mined (ESW=effective search half-width) by
fitting several models (i.e. uniform, negative
exponential, hazard-rate and half-normal) to the
perpendicular distances by maximum likeli-
hood estimation using the computer program
‘Distance’ (Laake et al. 1993). The perform-
ance of the different fits to the models was as-
sessed by the Akaike’s Information Criterion
(Buckland et al. 1993) and uniform models
with one and four cosine adjustments were cho-
sen for the beluga sightings and the narwhal
sightings, respectively:

(2) f(x)  = 1/W + u cos(i*p*x/W)

where u is a parameter depending on the data, x
represents the distance measurements, i is the
order of the cosine term and W is the width of
the area searched on each side of the transect. 

The abundances were assessed from line tran-
sect estimates determined as follows:

(3) N = A*[n*p /2*(g(0)/f(0))*L]

where N is the number of whales, A is the area of
the region covered by the survey, n is the number
of sightings of pods, p is the average pod size,
g(0) is the probability of seeing a whale on the
transect line, f(0) (=1/ESW) is the value of the
density function of the observations on the tran-
sect line and L is the number of kilometres cov-
ered during the survey. Empirical variances
were estimated for the sighting rates (n/L) and
the pod sizes (p) and the variance of ESW was
calculated using maximum likelihood estima-
tion. The confidence interval (95%) was calcu-
lated from the stratum variance as:

(4) var(N)=N2(cv(ESW) 2+cv(n/L) 2+cv(p) 2) 

(Buckland et al. 1993) 

where cv is the (error) coefficient of variance
(standard error in proportion to the mean).
Assuming that N has a log-normal distribution a
95% confidence interval is constructed as a
lower and higher interval respectively N/V and
N*V where:

(5) V=exp[1.96*sqrt{var(ln(N)}]

(Burnham et al. 1987)
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and

(6) var(ln(N)=ln[1+var(N)/N2]

The confidence intervals for all the strata are
calculated from the sum of the variance for the
estimate of each stratum. Pod sizes were cor-
rected by size-bias regression of ln of the ob-
served pod sizes on the detection probabilities
(g(x)), and examined at the point where detec-
tion is certain (g(x) =1). 

Correcting for perception and availability bias
Perception bias
Visual observers miss sightings because of dis-
tracting ice floes, several simultaneous sight-
ings, sun glare, observer fatigue etc. This per-
ception bias (Marsh and Sinclair 1989) was
estimated by a sight-resight model where the
video surveillance provided the sightings and
the visual observers provided the resightings on
the trackline (x<30 m). The sighting probabili-
ties by the two methods are clearly independent
and heterogeneity should not cause bias in pop-
ulation estimates. Thus the ‘full conditional in-
dependence assumption’ for all distances can be

relaxed and instead the less restrictive ‘track-
line conditional independence’ sampling can
reasonably be deployed (Laake 1999).

Availability bias
The time that whales spend at the surface is crit-
ical for the correction of aerial surveys that enu-
merate the fraction of the population available
to be counted at the surface. Data on surface
times of bowhead whales were collected by vi-
sual observations of individual bowheads at
Imerisoq in Disko Bay (Fig. 2) in April 1999
and at Tremblay Sound (72° 20’ N,  80° 30’ W)
on northern Baffin Island in August 1997.
Surface times for belugas and narwhals were
obtained from individuals instrumented with
satellite-linked dive recorders (Heide-
Jørgensen et al. 1998, 2001). Since the speed of
the survey platform was high (approx. 40 m.
sec-1) relative to the dive cycle of belugas or
narwhals (most dives last more than 1 minute
(Heide-Jørgensen and Dietz 1995, Heide-
Jørgensen et al. 1998)) it was assumed that no
repetitive sightings of the whales were made
during the passage of the plane and that the area
searched by the video camera represents an in-
stant image of the availability of whales.

Estimation of g(0) for belugas and narwhals
The perception and availability biases were
combined to derive an estimate of g(0) useful
for correcting the abundance estimate for ani-
mals missed on the trackline. Unfortunately the
sample size was low for the perception bias
(n=2) and no empirical variance could be esti-
mated. Butterworth et al. (2002) proposed in-
stead to treat the perception bias as binominally
distributed with estimates of p= r/t with vari-
ance s2=t*p(1-p) where t is the total number of
sightings and r the number of resightings. The
coefficient of variation for g(0) (calculated as
√cv(p)2+cv(a)2 where a is the availability bias)
is incorporated in equation (4):

(4’) var(N)=N 2(cv(ESW) 2+cv(n/L) 2+cv(p) 2

+cv(g(0))2)

RREESSUULLTTSS
Survey procedure
In both years the zigzag transects along the west
coast of Greenland between 68o  40’ N and 64o

00’ N and the east-west oriented transects with-
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Fig. 4. 
Satellite photo

showing ice 
conditions in

Baffin Bay and
Davis Strait from

24 March 1998
(NOAA 14 channel

1). The ice condi-
tions observed 

during the aerial
survey are indicat-

ed as presence of
ice along the tran-
sects (white lines).

^
^ ^

^



in the 7 strata between 69o 15’ N and 64o 00’N
were covered (Fig. 2). In 1999 the coastal zigzag
transects were extended south to 60o  00’ N.
However, owing to adverse weather conditions
(too strong wind or too much fog) it was not
possible to cover stratum 8 in any of the years.
The other areas were surveyed under satisfacto-
ry weather conditions, i.e. sea state (Beaufort)
<3 and visibility >10km.

Ice conditions
The general ice conditions in the eastern part of
Baffin Bay and Davis Strait in the middle of
March 1998 and 1999 corresponded to the ex-
pectations for that season (Figs 4 and 5, Anon-
ymous 1998). There was somewhat more open
water in the eastern part of Disko Bay in 1998
than normal but the western part of Disko Bay
had consolidated ice. In 1999 there was no open
water in Disko Bay and open water could only be
found south of 68° N and in certain areas north
of Disko Island known to have restricted open
water areas in winter. In both years the ice cover
varied between ice-free in Stratum 7 and 6 to al-
most complete ice coverage in strata 1, 2 and 3.

More than 45% of the ice floes were less than 1
km in diameter. Stratum 1 and 3 generally had
the smallest ice floes and stratum 4 and 5 the
largest. A comparison of the mean floe size re-
vealed no significant differences in stratum 1, 4
and 5, whereas stratum 2, 3 and 6 had signifi-
cantly larger ice floes in 1999 (P < 0.05). Also,
the size of the ice floes in all strata combined
was much smaller in 1998 (mean=3.3 km,
SD=6.0, n=750) than in 1999 (mean=5.3 km,
SD=13.3, n=415).

Distribution of bowhead whales
Eight bowhead whales were observed in 1998,
of which 5 were at the northern edge of the
northern part of Store Hellefiskebanke in the
area where they have previously been observed
in March (Fig. 6, see Reeves and Heide-
Jørgensen 1996). The other 3 sightings were
made southwest of Sisimiut in an area where
they have not been sighted in earlier surveys. In
1999 only one bowhead whale was sighted (by
the pilot) at 68o 09.929’ N, 55o 35.277’ W in an
area known for the occurrence of bowhead
whales. All the bowhead whale sightings were
in dense pack ice (Figs 9 and 10). 
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Fig. 5. 
Satellite photo
showing ice condi-
tions in Baffin Bay
and Davis Strait
from 17 March
1999 (NOAA 14
channel 4). 
The ice conditions 
observed during
the aerial survey
are indicated as 
presence of ice
along the transects
(white lines).

Fig. 6. (Below)
Sightings of
bowhead
whales in 1998
and 1999.



Estimation of bowhead whale abundance
The stratum used to estimate bowhead whale
abundance in previous surveys was delimited
by 69° 10’ N, 56° 00’ W in the northwest corner
and 67° 00’ N, 54° 00’ W in the southeast cor-
ner (Reeves and Heide-Jørgensen 1996). Only
the five northernmost sightings from 1998 were
within this stratum. For 1998 it seems more rea-
sonable to use the beluga strata (see below and
Fig. 6) because the sightings of bowhead
whales were from strata 2 and 5. 

All sightings were less than 700 m from the
track line, which allows the use of strip-transect
analysis with 1400 m strip width as in previous
surveys. This resulted in an estimated 32 bow-
head whales (95% CI: 5 to 197) and 17 (3 to 92)
within stratum 2 and 5, respectively. Altogether
this gives a total of 49 bowhead whales (13 to
188) in West Greenland in 1998. No estimates
can be derived for 1999.

A correction factor for the bowhead whales that
were submerged during the survey in 1998 was
derived from visual observations of the propor-
tion of time spent at the surface (Table 1). From
Disko Bay in April it was estimated that the
whales spent 18% of their time at the surface
whereas the estimate from Tremblay Sound in
August was 21%. Using an estimate of 20%
(SE=3) surface time reveals an estimate of 246
bowhead whales (95% CI: 62 to 978) in West
Greenland in 1998. The estimate is not correct-
ed for whales missed by the observers.

Distribution of belugas
The highest concentrations of belugas were
found in stratum 3, especially in the northern
area, in both 1998 and 1999, but large numbers
were also found in the southern area of stratum
2 (Figs 7 and 8). This area, where most belugas
congregate, is situated on the northern edge of
the northern part of Store Hellefiskebanke
where the slope of the sea bottom is steep and
where the dense pack ice that covers the mouth
of Disko Bay begins (Figs 9 and 10). In 1998 no
belugas were seen in stratum 4; belugas were
seen in strata 5 and 6 but not in stratum 7. In
1999 no belugas were found south of stratum 5
either on the coastal zigzag transects to the
southern tip of Greenland, in strata 6 or 7 or in
any of the fjord systems. There was a gradient
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Fig. 9. 
Sightings of 

marine mammals
shown in relation
to ice conditions
and water depth

in 1998.

Fig. 10. 
Sightings of ma-

rine mammals
shown in relation
to ice conditions
and water depth

in 1999.
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with most observations close to shore and
fewer westward, though some whales were
sighted at the westernmost parts of the tran-
sects.

The belugas were found in the dense pack-
ice north of 68° N in the persistent leads in
the dense ice at the northern edge of Store
Hellefiskebanke (Figs 9 and 10). Sightings of
belugas south of 68° N were usually associat-
ed with the ice edge, which was evident in
both years but was particularly pronounced in
1999 (Fig. 10). Few belugas were seen in
completely ice-free waters and none were
found in coastal waters or in fiords.

Estimation of beluga abundance
There were 123 pods of belugas sighted with-
in the transect width in 1998 and 1999, of
which more than half were seen in stratum 3.
Judging from the relatively low cv’s, also the
most even distribution of belugas was found
in stratum 3 (Table 2). However, the total
variance of the sighting rate is largely due to
the low number of sightings: on average there
was 95 km between beluga sightings in 1998-
99 combined. 

The angles to 76 and 47 pods of belugas were
measured in 1998 and 1999, respectively.
Some of these pods (10%) were observed far
away from the aircraft. These are probably
extreme observations often of large pods,
which have to be excluded from the calcula-
tions because at such distances one can no
longer assume an even distribution of all pod
sizes. Eliminating these 10% of the observa-
tions gave a maximum distance of observa-
tions (W) of 854 m and 1002  in 1998 and
1999, respectively. The frequency of sight-
ings showed a clear peak on and close to the
trackline (Fig. 11). The ESW was estimated as
427 m (f(0)=0.0024, cv=0.079) for the com-
bined distribution of sightings in 1998 and
1999.

There is generally a greater chance to see a
small pod of belugas close to the transect line
than far away, so the proportion of larger pods
sighted tends to be greater far away from the
aircraft. The calculation of the average group
size should ideally reflect this pod size bias in
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Fig. 7. 
Sightings of 

beluga in the 7
strata, including
sightings on the
zig-zag transect

web along the
coast in 1998.

Fig. 8. 
Sightings of 

beluga in the 8
strata, including
sightings on the
zig-zag transect

web along the
coast in 1999.
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Table 2. Abundance estimates of belugas in West Greenland in March 1998, March 1999 and
both years combined. Estimates from 1993 and 1994 are provided for comparison. The estimates
given are line transect estimates of the total population size, corrected for  pod size bias and for
whales that are submerged or missed by the observers (g(0)), The estimate is also determined as
an index number comparable with the previous surveys (see Heide-Jørgensen et al. 1993 and
Heide-Jørgensen and Reeves 1996). The numbers in brackets represent the cv calculated as stan-
dard error in proportion to the mean. 

Corrected Abundance Observed Index
Stratum Area Effort Sightings Sighting pod estimate pod number

rate size size
(A, km2) (L, km) (n) (n/L) (p) (N) mean w=700m

1993
1 1,247 111 0
2 8,664 485 0
3 6,795 1,391 297 (0.36)

4 5,185 1,058 389 (0.39)
5 3,522 859 214 (0.40)

Total  3,904 900 (0.22)

1994
1 1,247 132 7 (0.84)
2 8,664 960 32 (0.65)
3 6,795 1,641 583 (0.24)

4 5,185 885 213 (0.37)
5 3,522 893 265 (0.39)
6 7,239

Total  1,100 (0.17)

1998
1 1,247 138 3 0.0217 (0.58) 0.910 (0.09) 23 (0.59) 4.000 (0.52) 26 (0.54)
2 8,664 1,046 15 0.0143 (0.46) 2.357 (0.22) 276 (0.52) 2.067 (0.22) 183 (0.46)
3 6,795 1,256 40 0.0318 (0.45) 3.409 (0.14) 694 (0.48) 3.000 (0.14) 452 (0.38)

4 5,185 529 0 - - 0 - 0
5 3,522 441 8 0.0181 (0.42) 1.680 (0.24) 101 (0.49) 1.625 (0.20) 91 (0.45)
6 7,239 790 10 0.0127 (0.68) 1.804 (0.35) 156 (0.77) 4.100 (0.30) 177 (0.78)
7 10,602 553 0 - - 0 - 0

Total  43,254 4,753 76 0.0176 (0.27) 2.718 (0.10) 1,250 (0.31) 2.671 (0.11) 929 (0.26)

1999
1 1,247 138 1 0.0072 (1.00) 6.000 (0.00) 65 (1.01) 6.000 (0.00) 0
2 8,664 966 2 0.0207 (0.99) 1.500 (0.50) 32 (1.05) 1.500 (0.50) 19 (0.96)

3 6,795 1,003 27 0.0248 (0.28) 2.664 (0.14) 524 (0.33) 2.769 (0.12) 368 (0.23)

4 5,185 1,058 9 0.0085 (0.45) 5.280 (0.37) 278 (0.60) 5.778 (0.25) 91 (0.73)
5 3,522 440 10 0.0227 (0.76) 5.147 (0.24) 493 (0.80) 4.200 (0.18) 257 (0.65)
6 7,239 790 0 - - 0 - 0
7 10,602 553 0 - - 0 - 0

Total  43,254 4,948 47 0.0095(0.27) 2.765 (0.11) 1,392 (0.35) 3.447 (0.11) 735 (0.27)

1998-1999

Total  43,254 9,701 112 0.0105 (0.21) 2.794 (0.08) 1,390 (0.23) 2.955 (0.08) 853 (0.21)

Total corrected for g(0) =0.175 (SE=0.06): 7,941 (95% confidence interval: 3,650-17,278)

Index number 1998-1999: 855 (95% confidence interval: 584-1,251)



detectability. Therefore the calculation of mean
group size was corrected by regressing log-
transformed pod size against the detection
probability as estimated by the detection func-
tion, where the expected pod size is represented
by the point where the detection probability for
an observation is certain (g(x)=1). The mean
group size calculated by this method was 2.955
(cv=0.08) whales per pod for both years com-
bined. This is close to the simple mean pod size
calculated without correcting for the distance to
the sightings (Table 2).

Whales that are diving and are not seen by
the observers – g(0)
Although it is possible from an aircraft to ob-
serve whales down to 4 to 5 m below the sur-
face, there is always a proportion of whales that
are diving even as the plane passes over and are
therefore not visible to the observers. At present
it is only possible to estimate the fraction pres-
ent at any time at or near (within 5 m) of the

surface by instrumenting whales with
pressure transducers that record the time
they spend at each given depth. The in-
formation is then relayed via satellite to
a ground station. As the dive duration
can vary with the season, this informa-
tion ideally has to be sampled contem-
porarily or as close as possible to the
timing of the surveys. Unfortunately no
data are available on dive duration for
belugas in March. Data for belugas and
narwhals are available from early au-
tumn through January (Table 1).
Judging from these data belugas spend
between 30% and 50% of their time in
the upper 5 m of the water column on
average. Probably the actual figure is
closer to 30% than to 50% and is in any
case not higher than 55% (Heide-
Jørgensen et al. 1998, 2001). For the
corrections of the present survey it is as-
sumed that 35% (a=0.35) of the whales
are available at the surface to be detect-
ed. Relatively low standard errors are
reported in Table 1 for this estimator but
only few animals have been studied and
to account for the variability in the pop-
ulation being surveyed a standard error
of 0.08 of a is assumed (cv=0.23).

The video recording of the track line captured 8
pods of belugas and 2 pods of narwhals in 1998
(Table 3). Of the 10 pods captured by the video
three beluga pods and both narwhal pods were
also sighted by the observers and four beluga
pods were not sighted (one comprising 17
whales). One visual sighting reported as a wal-
rus (Odobenus rosmarus) was undoubtedly a
beluga when examined on the video. If the nar-
whals are included - considering that they are
more difficult to spot - there were 5 visual re-
sightings of whale pods. In 1999 6 pods of bel-
ugas were captured by the video of which 3
were resighted by the observers. Whale pods
were usually missed in high density areas
where multiple sightings – also of other species
e.g. walruses – were made during short periods.

Although they are based on a rather low number
of video captures the estimates of 50% of the
whales being missed by the observers on the
trackline are identical for 1998 and 1999 and no
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Fig. 11.
Distribution of
perpendicular 

distances to sight-
ings of belugas
(above, n=111)

and narwhals (be-
low, n=32) from

the trackline 
(histogram).

About 10 percent
of the most distant

sightings have
been excluded

from the analyses
and detection

curves have been
fitted by a Fourier

series model 
(dotted line). The
cumulated sight-

ing curve is 
indicated with 

full line.

^



empirical variance can be associated with the
estimate. Combining the values for the percep-
tion bias (p=0.5, cv=0.25) and the availability
bias (a=0.35, cv=0.23) gives an estimate of
g(0)=0.175 with cv(g(0))= 0.34. 

Population size and trends
The uncorrected line transect estimate of the
number of belugas at the surface that are seen
by the observers was 1,390 (95% CI: 893 to
2,162) for 1998 and 1999 combined. If this fig-
ure is corrected for whales diving during the
passage of the aircraft and for whales missed by
the observers the combined estimate for the
seven strata surveyed in 1998 and 1999 is 7,941
(95% CI: 3,650 to 17,278). The corresponding
value for 1993-1994 combined with the same
g(0) value is 11,563 (8,560 to 15,621).

The changes in relative abundance of belugas in
West Greenland since 1981 can be indexed by
treating subsequent surveys in the same way as
for the data from 1981-1982. This index as-
sumes that all whales within 700 m of the track
line are observed, or at least that the same frac-
tion of the whales is observed each year. There
is no correction for diving whales or for whales

missed by the observers. The index numbers for
1998 and 1999 are both significantly lower than
the estimates from 1982 (see Heide-Jørgensen
and Reeves 1996). Neither the indices nor the
line transect estimates from the more recent sur-
veys (1991, 1993 and 1994)  differ from those
from 1998 and 1999, even though both values
from 1998-1999 are lower than in any previous
years (Table 2). This means that no firm conclu-
sion on the change in number of belugas after
1994 can be made from the two surveys. It is
however clear that the results from 1998-1999
confirm that the number of belugas has de-
clined since 1981-82 and that this decline prob-
ably continued after 1994. 

Distribution of narwhals
The majority of the narwhal observations were
made in stratum 2 in both 1998 and 1999 with a
few in the neighbouring strata (Table 4).
Narwhals were concentrated in the southern
part of the mouth of Disko Bay, especially in
the area with depths greater than 200 m (Figs 12
and 13) and almost always in close pack ice
(Figs 9 and 10). In 1999 there were a few sight-
ings in atypical areas such as west of stratum 5
and in stratum 7 (Table 4, Fig. 13).
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Table 3. Pods of belugas, narwhals and walruses ’captured’ by the video surveillance. The + sign
represents a ”recapture ” by the observer, the – sign indicates that the pod was missed by the ob-
server.

Stratum Species Number Angle Visual observation

Left observer Right observer

1998
2 Narwhal 4 900 + +
2 Beluga 1 - -
3 Beluga 1 900 - reported as walrus
3 Beluga 1 900 + +
3 Beluga 1 890 + -
5 Beluga 17 - -
3 Beluga 3 890 - +
3 Beluga 1 - -
3 Narwhal 1 860 - +
3 Beluga 1 - -

1999
3 Beluga 5 860 - +
4 Beluga 2 - -
5 Beluga 1 - -
5 Beluga 3 890 - +
3 Beluga 2 900 - +
3 Beluga 2 - -
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Table 4. Abundance estimates of narwhals in West Greenland in March and early April (1990).
The estimates given are line transect estimates of the total population size for 1991 through
1999, corrected for pod size bias and for whales that are submerged or missed by the observers
(g(0)). The same value of g(0) as for belugas is used. The numbers in brackets represent the cv
calculated as standard error in proportion to the mean. For the comparison with earlier years a
strip census estimate with a fixed transect width of 700 m is calculated from 1981 through 1999.

Corrected Abundance Strip
Stratum Area Effort Sightings Sighting pod estimate census

rate size estimate
(km2) (L, km) (n) (n/L) (p) (N) w=700m

1981
1 1,247 45 6 0.1333 (0.81) 119 (0.58)
2 8,664 906 30 0.0331 (0.45) 205 (0.41)
3 6,795 519 1 0.0019 (1.04) 9 (0.99)
4 5,185 431 2 0.0046 (1.01) 17 (0.88)
5 3,522 310 1 0.0032 (0.60) 8 (0.73)

Total 2,211 40 358 (0.31)

1982
1 1,247 155 3 0.0194 (0.90) 17 (0.86)
2 8,664 2,118 109 0.0515 (0.24) 319 (0.25)
3 6,795 1,873 28 0.0150 (0.55) 73 (0.49)
4 5,185 1,504 13 0.0086 (0.55) 32 (0.54)
5 3,522 810 0 0 0

Total 6,460 153 440 (0.20)

1990
1 1,247 51 0 0 0
2 8,664 540 22 0.0441 (0.29) 252 (0.34)
3 6,795 329 0 0 0
4 5,185 343 0 0 0
5 3,522 264 0 0 0

Total 25,413 1,526 22 252 (0.34)

1991
1 1,247 137 0 0 0 0 0
2 8,664 951 42 0.0441 (0.29) 2.37 (0.15) 261 (0.51) 273 (0.28)
3 6,795 746 0 0 0 0 0
4 5,185 595 0 0 0 0 0
5 3,522 439 0 0 0 0 0

Total 25,413 2,869 42 261 (0.51) 273 (0.28)

Total corrected for g(0) =0.175 (SE=0.06): 1,490 (95% confidence interval: 473-4,961)

1993
1 1,247 92 2 0.0217 (1.00) 1 19 (1.01) 8 (0.84)
2 8,664 485 2 0.0041 (1.00) 1 25 (1.01) 13 (0.87)
3 6,795 1,391 11 0.0079 (0.50) 1.91 (0.17) 57 (0.55) 42 (0.66)
4 5,185 1,058 0 0 0 0 0
5 3,522 859 0 0 0 0 0

Total 25,413 3,885 15 102 (0.46) 63 (0.48)

1994
1 1,247 132 0 0 0 0 6 (0.86)
2 8,664 960 14 0.0146 (0.41) 2.57 (0.12) 405 (0.43) 141 (0.41)
3 6,795 1,641 0 0 0 0 39 (0.68)
4 5,185 885 0 0 0 0 0
5 3,522 893 0 0 0 0 0
6 7,239 399 0 0 0 0 0

Total 32,652 4,910 14 405 (0.43) 263 (0.36)



Estimation of narwhal abundance
The same procedure as for belugas was used to
determine the abundance of narwhals. The an-
gles to 23 and 12 pods of narwhals were report-
ed in 1998 and 1999, respectively. About 10%
of these were so far from the aircraft that they
can be considered extreme and when discarded
the largest distance of observation was 795 m
(W) (Fig. 11). The ESW was estimated as 308 m
(f(0)= 0.0033, cv=0.18) for the combined sight-
ings in 1998-1999. 

Surfacing time for narwhals is approximately
the same as for belugas (35%) although none of
the data have been gathered from the same time
and place as the survey (Table 1). Not enough
data has been collected to estimate the portion
of missed narwhal sightings during the surveys,
and it will be assumed that the perception bias
for belugas also applies to narwhals (50%). 

The estimated number of narwhals at the sur-
face in 1998-99 was 524 (95% CI: 214-1,284).
The large confidence interval is due primarily
to the extremely variable sighting frequency. If
the same correction factor as for belugas is de-
ployed to account for diving narwhals and
missed observations the resulting estimate was
2,861 (95% CI: 954 to 8,578, Table 4) in 1998-99. 

Changes in narwhal abundance
Earlier surveys of narwhals have been designed
as strip transect estimates with a strip width of
700 m on either side of the aircraft (see Heide-
Jørgensen et al. 1993) and for the comparison
with the recent surveys these are presented to-
gether with line transect abundance estimates
(see Table 4). The strip census estimates show
marked variations from 63 in 1993 to 440 in
1982, however, there is a declining trend that is
significant when fitting a weighted linear model
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Table 4 (Continued)

Corrected Abundance Strip
Stratum Area Effort Sightings Sighting pod estimate census

rate size estimate
(km2) (L, km) (n) (n/L) (p) (N) w=700m

1993-1994

Total 58,065 8,795 29 286 (95% confidence interval: 137-597)

Total corrected for g(0) =0.175 (SE=0.06): 1,636 (95% confidence interval: 620-4,320)

1998
1 1,247 138 0 0 0 0 0
2 8,664 1,046 17 0.0163 (0.71) 2.55 (0.16) 572 (0.73) 189 (0.68)
3 6,795 1,256 6 0.0048 (0.69) 1.00 (0.00) 52 (0.73) 23 (0.67)
4 5,185 529 0 0 0 0 0
5 3,522 441 0 0 0 0 0
6 7,239 790 0 0 0 0 0
7 10,602 553 0 0 0 0 0

Total 43,254 4,753 23 1.87 (0.13) 624 (0.71) 213 (0.60)

1999
1 1,247 138 1 0.0062 (1.00) 1 8 (1.00) 6 (0.86)
2 8,664 966 5 0.0044 (0.36) 3.6 (0.23) 138 (0.42) 141 (0.41)
3 6,795 1,003 4 0.0034 (0.68)   2 (0.20) 46 (0.71) 39 (0.68)
4 5,185 1,058 0 0 0 0 0
5 3,522 440 0 0 0 0 0
6 7,239 790 0 0 0 0 0
7 10,602 552 1 0.0016 (0.99) 1 16 (0.99) 14 (0.94)

Total 43,254 4,948 12 208 (0.33) 206 (0.32)

1998-1999

Total 43,254 9,701 35 524 (95% confidence interval: 214-1,284)

Total corrected for g(0) =0.175 (SE=0.06): 2,861 (95% confidence interval: 954-8,578)    



(p=0.02, weight =1/cv) with an annual decline
of 3.0% (SE=0.9) but not for an exponential
model (p=0.10) with an annual decline of
4.7% (SE=2.5). The line transect estimate
from 1998-99 is larger than the previous esti-
mate from 1993-94 albeit not significantly so. 

DDIISSCCUUSSSSIIOONN

Bowhead whales
The distribution of bowhead whales in 1998
was somewhat different from previous sur-
veys, and a possible expansion of this species’
range must be investigated in future surveys.
There were no primary sightings of bowhead
whales in 1999, which is the first time since
the surveys started in 1981. However, during
field work conducted in 1999 at Imerisoq
(Fig. 2) bowhead whales were observed daily
between 20 April and 5 May and up to four in-
dividuals were recorded during one day
(Heide-Jørgensen unpubl. data). Thus nothing
suggests an absence of bowhead whales in
West Greenland in 1999. 

The estimate of the abundance of bowhead
whales in 1998 resembles the figures from the
surveys between 1981 and 1994, but due to
the different stratum design the 1998 area is
about 40% smaller (Reeves and Heide-
Jørgensen 1996). Re-analysis of the data from
1981 through 1994 using the five strata reveals
estimates that are similar in magnitude to the
result from 1998 and no trends can be detected. 

The data presented on surfacing times for
bowheads whales are perhaps not of an ade-
quate magnitude for the purpose of correcting
survey data, but they are supported by larger
amounts of data derived from other studies
(Dorsey et al. 1989, Würsig and Clark 1993,
Finley and Goodyear MS 1993). It is uncer-
tain how far below the surface a bowhead
whale can reliably be observed from an air-
plane, but data collected from a satellite-
linked time-depth-recorder in May 2001
showed that one instrumented bowhead whale
spent 33.8% (SD 10.7, n=4) of its time above
9 m (Heide-Jørgensen et al. in press). The ac-
tual threshold for visual detection of bowhead
whales is probably closer to the surface, sug-
gesting that the value of 20% used as a correc-
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Fig. 12.
Sightings of
narwhals in
the 7 strata,

including
sightings on

the zig-zag
transect

web along
the coast in

1998.

Fig. 13.
Sightings of
narwhals in
the 8 strata,

including
sightings on

the zig-zag
transect

web along
the coast in

1999.



tion factor for this survey is reasonable. Being
rather imprecise, the estimate of the bowhead
numbers present off West Greenland reflects
the magnitude of what could be found there in
1998. It does not deviate significantly from pre-
vious estimates (see Reeves and Heide-
Jørgensen 1996). 

Belugas
The distribution of belugas seen in 1998 and
1999 along West Greenland resembles the pat-
tern observed during earlier surveys where the
great majority of observations were made with-
in 50 km from shore and few beluga were found
between 50 and 80 km west of the coast (Figs 7
and 8). However, in both 1998 and 1999 the
centre of the sightings was in the southern part
of stratum 2 and the northern part of stratum 3,
whereas in 1993 and 1994 only few or no sight-
ings were made in stratum 2. In all years stra-
tum 3 has had the highest sighting rate. Also, no
whales were seen in stratum 4 in 1998 (i.e. the
area between Nassuttoq and Sisimiut) but some
were seen in stratum 6 (i.e. the area between
Itilleq and Maniitsoq); but not in 1999. In most
other years stratum 4 has had lower densities
than the two neighbouring strata.

There were no sightings of belugas in stratum 7
(i.e. the area between Maniitsoq and Nuuk) in
any of the years and the coastal reconnaissance
surveys south to the tip of West Greenland in
1999 and in the major fjord systems observed
no belugas. Considering that no whales were
observed in stratum 7 or on the coastal transects
it is unlikely that there were large pods of belu-
gas in the area south of stratum 7 (that is from
Nuuk to Paamiut) at the end of March 1998 or
March 1999. This is confirmed by the results
from 1994 where coastal reconnaissance sur-
veys gave no sightings of belugas between
Maniitsoq and Paamiut (Heide-Jørgensen and
Reeves 1996).

It is however surprising that there were  more
whales in stratum 6 in 1998 than in other years.
This area has been covered in 1994 and partial-
ly in 1993, but in both years only a few belugas
were seen in stratum 6 (Heide-Jørgensen and
Reeves 1996). Earlier surveys in 1981 and 1982
recorded no sightings south of 66° 30’ N (the
northern boundary of stratum 6) in spite of in-

tense coverage in 1982 (Heide-Jørgensen et al.
1993) and the survey in 1999 found no whales
in stratum 6. 

Apart from the areas covered by surveys there
can be belugas in the northern part of Vaigat
(see Heide-Jørgensen et al. 1993) and in Disko
Bay. It is however unlikely that large numbers
winter in these areas and they will at most con-
tribute a few hundred belugas to the total esti-
mate for West Greenland.

The 1998-99 survey was similar to earlier sur-
veys for the following parameters; the distance
function of the observations, the group size dis-
tribution and the large variation in number of
sightings per kilometre. None of these condi-
tions has changed significantly since the 1993-
94 survey. The 1998-99 survey also confirms
the decline in beluga abundance observed pre-
viously. Overharvesting has been identified as
the most probable cause of the decline (Heide-
Jørgensen and Reeves 1996, Butterworth et al.
2002, Innes and Stewart 2002).

The correction factor applied for belugas (and
narwhals) includes an estimate of perception
bias (proportion of visible whales on the track-
line missed by the observers) of 50% with a rel-
atively large uncertainty (cv=0.25). Evidently
more robust methods for estimating perception
bias and its variance are needed. The other com-
ponent of the correction factor is the availabili-
ty bias (proportion of whales not visible to the
observers). It is likely that sufficient data has
been collected to correctly estimate the magni-
tude of this correction, but more whales will
have to be instrumented to estimate its variance.
The standard error assumed here may well be
too large. 

Narwhals
Narwhals are distributed in the deep water in
Baffin Bay and especially in winter they are
found in the ice cracks in the compact pack ice
in central Baffin Bay (Koski et al. 1994, Dietz
and Heide-Jørgensen 1995, Dietz et al. 2001).
The surveys along the West Greenland coast
cover only parts of the winter-distribution of the
narwhal population in Davis Strait/Baffin Bay.
The fraction of narwhals that are found along
the west coast of Greenland in March is proba-
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bly subject to yearly variations depending on
ice conditions and the abundance estimates are
subject to considerable uncertainty, due to the
small number of sightings. 

The observed decline in narwhal abundance
does not raise the same concern as for belugas
because only a fraction of the narwhal occur-
rence was covered by the surveys and because
the observed decline  is of lesser magnitude than
for the belugas. However, Heide-Jørgensen et
al. (1993) argued that the early surveys (1981
and 1982) that revealed high number of whales
are compatible – if not negatively biased – with
the later surveys. The early abundance esti-
mates are larger than the later estimates and this
apparent decline raises the question of whether
fewer narwhals are using the West Greenland
area in recent years due to changes in ice or bi-
otic conditions or if human exploitation is part-
ly responsible for the decline. If the latter is the
case the decline may be affecting a subpopula-
tion with philopatry to West Greenland, and ex-
ploitation may need to be adjusted to levels that
can be sustained by the numbers of narwhals
wintering in West Greenland.  
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