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Fig. 4. Sightings of blue whales [a], northern right whale [=] and

Fig. 2. Sightings of the four large cetaceans targeted in the ship based Unidentified large baleen whales [o].

survey in Greenland September 2005. On-effort sections of transect
lines (thick lines) are shown together with the sightings.
[@]=common minke whales, [o]=sei whales, [m]=fin whales and
[ *]=humpback whales.

Fig. 3. Effort and sightings of humpback whales inside Nuuk Fjord. The Fig. 5. Sightings of sperm whales [«], pilot whales [o], white-sided
polygon shows the stratum area used for extrapolating the density dolphins [e], white-beaked dolphins [a], killer whales [m] and
estimate. unidentified beaked whale [o].
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in East Greenland (n=3,214 fin whales, CV=0.48) than in
South Greenland (i.e. Centralwest and Southwest, n=1,980
fin whales, CvV=0.38).

The detection function for the 18 sei whales sightings
alone (esw=978m) was very similar to the detection function
of the combined sightings of fin whales and sei whales
(esw=927m), except that the CV for the sei whales was
twice (0.20) the CV for the combined data set (0.10). It was
consequently decided to estimate the sei whale abundance
utilising both fin and sei whale distance estimates for
deriving a common detection function (Fig. 7 and Table 2,
%2 goodness-of-fit statistic not significant, p=0.62). The
largest abundance of sei whales was estimated in the
southernmost part of West Greenland (n=1,599 sei whales,
CV=0.42) and lower numbers were found in East Greenland
(n=763 sal whales, CV=0.47).

Only 27 humpback whale sightings were available for
estimating the detection function (Fig. 8) and the
detection function provided an eswof 622m (CV=0.15, %2
goodness-of-fit statistic not significant, p=0.72). Humpback
whales were seen in all strata except for North West
Greenland and the largest numbers were found in South
Greenland (n=944 humpback whales, CV=0.53) with
lower numbers in East Greenland (n=347 humpback
whales, CV=0.85, Table 2). A separate abundance estimate
was developed for Nuuk Fjord based on 106 n.miles
Zig-zag coverage of 4.3% of the area of the fjord complex
(Fig. 3) and 10 sightings of humpback whales which
revealed an abundance of 145 whales (CV=0.38). However,
al areas of the fjord were not evenly sampled and the
abundance therefore should be used with caution (see
Discussion).

Table 2A
Summary statistics for abundance estimates of fin whales and sei whales. For both species only effort during Beaufort sea states <6 was included.
Fin whale Sei whale
Effective search half-width 944m Fin and sei observations: 927m
n 45 observations, right truncation >1,800 64 observations, right truncation >1,800
Cv 0.12 0.10
Stratum NwW DB Cw SW SE NwW DB CwW SW SE
Area of stratum (km®) 82,518 15,780 72,342 51,684 81,065 82,518 15,780 72,342 51,684 81,065
Sightings (n) 0 0 12 8 21 0 0 3 10 5
Effort (L) n.miles 449 163 475 177 252 449 163 475 177 252
Transects 18 16 20 15 5 18 16 20 15 5
Sighting rate (n/L) 0 0 0.03 0.05 0.08 0 0 0.01 0.06 0.02
Ccv 0.53 0.52 0.46 1.06 0.44 0.45
Density of pods 0 0 0.01 0.01 0.02 0 0 0.01 0.02 0.01
Ccv 0.54 0.53 0.48 1.06 0.45 0.46
Expected pod size 0 0 1.7 1.7 1.7 0 0 1.6 1.6 1.6
CV 0.08 0.08 0.08 0.06 0.06 0.06
Density of whales 0 0 0.01 0.02 0.04 0 0 0.01 0.03 0.01
Ccv 0.55 0.53 0.48 1.06 0.45 0.47
Abundance 0 0 871 1,109 3,214 0 0 217 1,382 726
Ccv 0.55 0.54 0.48 1.06 0.45 0.47
Total West Greenland 1,980 (CV=0.38, 95% CI=913-4,296) 1,599 (CV=0.42, 95% CI=690-3,705)
Total East Greenland 3,214 (CV=0.48, 95% CI=980-10,547) 763 (CV=0.47, 95% CI=236-2,465)
Table 2B

Summary statistics for abundance estimates of humpback whales and minke whales. For humpback whales only effort during Beaufort sea states <6 was
included and for minke whales effort was restricted to sea states less than 3.

Humpback whale Minke whale
Effective search half-width 622m 216m
n 26, right truncation >1,600 12, right truncation >350m
(6)% 0.15 0.25
Stratum NW DB CW NF SW SE NW DB CwW SwW SE
Area of stratum (km?) 82,518 15,780 72,342 2,843 51,684 81,065 82,518 15,780 72,342 51,684 81,065
Sightings (1) 0 1 2 10 6 2 0 0 2 3 5
Effort (L) 449 163 475 106 177 252 217 60 149 60 274
Transects 18 16 20 31 15 5 12 8 9 7 8
Sighting rate (n/L) 0 0.01 0.01 0.10 0.03 0.01 0 0 0.01 0.05 0.02
(&% 1.17 0.89 0.34 0.50 0.83 0.49 0.49 1.21
Density of pods 0 0.01 0.01 0.04 0.01 0.01 0 0 0.02 0.06 0.02
(6)% 1.18 0.89 0.37 0.52 0.84 0.55 0.55 1.24
Expected pod size 0 1.3 1.3 1.3 1.3 1.3 0 0 1 1 1
(&% 0.09 0.09 0.09 0.09 0.09
Density of whales 0 0.01 0.01 0.05 0.02 0.01 0 0 0.01 0.06 0.02
(6)% 1.18 0.90 0.38 0.53 0.85 0.55 0.55 1.24
Abundance 0 52 165 145 944 347 0 0 1,219 3,260 1,848
(&% 1.18 0.90 0.38 0.53 0.85 0.55 0.55 1.24

Total West Greenland
Total East Greenland

1,306 (CV=0.42, 95% CI=570-2,989)
347 (CV=0.85, 95% Cl1=48-2,515)

4479 (CV=0.46, 95% CI=1,760-11,394)
1848 (CV=1.24, 95% CI=197-17,348)
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Fig. 6. Detection function for fin whales grouped in 150m intervals
(n=45).
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Fig. 7. Detection function for fin and sei whales combined grouped in
150m intervals (n=66).
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Fig. 8. Detection function for humpback whales grouped in 200m
intervals (n=26).

Only 12 common minke whales were sighted, including
sightings outside strata en routeto and from Iceland. This
low number does not provide sufficient data for a robust
estimation of the detection function (Fig. 9). This is aso
reflected in the relatively large CV (0.25) for determination
of the esw(216m, 2 goodness-of-fit statistic not significant,
p=0.65). The low eswfor common minke whales probably
reflects the difficulty in detecting this species. Nevertheless
estimates of common minke whale abundance were
developed for the three areas where sightings occurred and
with effort in sea states of < Beaufort 3 (Fig. 10). Thelargest
numbers of common minke whales were in the southern part
of West Greenland (4,479 common minke whales,
CV=0.46) with fewer on the east coast (Table 2).
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Fig. 9. Detection function for common minke whales grouped in 50m
intervals (n=12).
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Fig. 10. Survey transect lines (thin lines), realized survey effort (thick
lines) in Beaufort sea state <3 and common minke whale sightings.

A total of 35 sightings of blows of unidentified large
baleen whales were recorded. In order to include these in
more complete abundance estimates, the sightings were
attributed to the three possible species (fin, humpback and
sei whales, Table 3). The unidentified blows were
apportioned to the six strata in proportion to the occurrence
of each species in each stratum and the associated distance
measurements were apportioned randomly to the three
species. Thus, both new encounter rate estimates and new
detection functions including variance estimates were
derived. Theinclusion of unidentified sightings resulted in a
43% increase in the abundance estimate for fin whales in
West Greenland (raised to 2,824 fin whales, CV=0.38). The
sei whale abundance increased by 26% with a dlightly
improved precision and the humpback whale abundance
estimate increased in West Greenland (by 16%) with lower
precision yet declined in East Greenland due to the change
inesw
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Summary statistics for abundance estimates of fin, sei, and humpback whales including unidentified sightings. For both species only effort during
Beaufort sea states <6 was included.

Fin whale Sei whale Humpback whale
Effective search half-width 960m Fin and sei observations: 982m 718m
n 57 observ., right truncation >1,800 81 observ., right truncation >1,800 29, right truncation >1,600
CvV 0.11 0.09 0.14
Stratum CwW SW SE CwW SW SE DB CwW NF SW SE
Area of stratum (km?) 72,342 51,684 81,065 72,342 51,684 81,065 15,780 72,342 2,843 51,684 81,065
Sightings (n) 17 11 25 4 13 6 1 3 10 8 2
Effort (L) nmi 475 177 252 475 177 252 163 475 106 177 252
Transects 20 15 5 20 15 5 16 20 31 15 5
Sighting rate (n/L) 0.01 0.06 0.10 0.01 0.07 0.02 0.01 0.01 0.10 0.05 0.01
CvV 0.52 0.50 0.48 0.87 0.39 0.39 1.17 0.89 0.34 0.62 0.83
Density of pods 0.10 0.02 0.03 0.01 0.02 0.01 0.01 0.01 0.03 0.02 0.01
(0 0.52 0.51 0.50 0.88 0.40 041 1.18 0.90 0.37 0.64 0.84
Expected pod size 1.7 1.7 1.7 1.6 1.6 1.6 1.3 1.3 1.3 1.3 1.3
CvV 0.07 0.07 0.07 0.06 0.06 0.06 0.09 0.09 0.09 0.09 0.09
Density of whales 0.02 0.03 0.05 0.01 0.03 0.01 0.01 0.01 0.05 0.02 0.01
CV 0.52 0.51 0.50 0.88 0.41 041 1.18 0.90 0.38 0.64 0.85
Abundance 1,263 1,562 3,917 2790.88 1,731 882 46 219 129 1,119 309
CvV 0.52 0.51 0.50 0.41 0.41 1.18 0.90 0.38 0.64 0.85

Total West Greenland
Total East Greenland

DISCUSSION

Biases and problems with survey design

The sampling design used in this survey was not optimal for
a cetacean survey and the realised survey effort was
restricted by inclement westher conditions. It can
specifically be argued that the South West strata in West
Greenland had particularly uneven and poor coverage and
that transect lines running parallél to the coast might follow
density gradients of whales. One option is to eliminate the
part of South West strata with poor coverage from the
abundance estimates which reduces the abundance to about
2/3 for both estimates based on identified blows and those
where unidentified blows were apportioned to species and
strata (Table 4). This, however, leaves a large uncovered
area in West Greenland where there are high densities of
whales.

Table 4

2,824 (CV=0.38, 95% CI=1,346-5,925) 2,009 (CV=0.37, 95% CI=948-4,260)
3,917 (CV=0.50, 95% CI=1,122-13,672) 882 (CV=0.41, 95% CI=313-2,484)

1,514 (CV=0.51, 95% CI=560-4,089)
309 (CV=0.85, 95% CI=43-2,240)

One option for eliminating the potential problem of
transects running parallel to the coast is to include only east-
west transects in the abundance estimates. However, this
does not have amajor impact on the abundance estimates, as
a recalculation with only east-west transects only dightly
changed the abundance estimates (Table 4). Thisis probably
due to the fact that the bathymetry in West Greenland does
not follow simple east-west gradients but is characterised by
deep trenches with intersecting banks (Fig. 1). In addition,
the distribution of whales is not a simple function of
bathymetry in this region but rather is determined by
complex oceanographic features, including areas of
upwelling that potentially can be found in many areas across
severa strata.

The estimate of 145 humpback whales in the Nuuk Fjord
aloneinitially seems high. Clearly the ship-based survey did
not provide random or uniform coverage of the entire fjord

Summary statistics for abundance estimates for fin, sei, humpback and minke whales under alternative assumptions for West Greenland. Approximately
half of the South West Greenland stratum was removed when the area with poor coverage was removed from that stratum. CVs indicated in parenthesis.

Estimation options

Species

Sightings Transects Coverage Fin whale  Sei whale Humpback whale Minke whale
Identified blows East-west Areas with poor coverage in SW na na 509 na
going Greenland and Nuuk Fjord eliminated (0.49)
Identified blows East-west Area with poor coverage in SW 1,317 1,031 663 4,068
going Greenland eliminated (0.54) (0.53) 0.37) (0.40)
Identified blows East-west Continuous 1,777 1,604 1,141 5,307
going (0.48) (0.45) (0.45) (0.43)
Identified blows All Area with poor coverage in SW 1,520 1,026 829 3,239
Greenland eliminated (0.41) (0.45) (0.36) 0.41)
Identified blows All Continuous 1,980 1,599 1,306 4,479
(0.38) (0.42) (0.42) (0.46)
Unidentified blows apportioned All Area with poor coverage in SW 2,115 1,291 926 na
to species and strata Greenland eliminated (0.40) (0.40) (0.34)
Unidentified blows apportioned All Continuous 2,824 2,009 1,514 na
to species and strata (0.38) 0.37) (0.51)
Correction for perception bias All Continuous na na na 7,998
2(0)=0.56, SE=0.07 0.47

na = not applicable.
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complex. Only about one fifth of the fjord was sampled and
the density was extrapolated to other unsurveyed parts of the
fjord under the unproven assumption of uniform density. If
the estimated density is only applied to the sampled area
then a conservative estimate of 29 whales, three times the
number of sightings, is obtained. This however leaves 80%
of the area without an abundance estimate. Satellite tracking
studies and local observations demonstrate that humpback
whales use the entire Nuuk Fjord as delineated by the
stratum (Heide-Jargensen and Laidre, 2007), (Fig. 3, GINR
unpublished data), and therefore it is not unreasonable to
extrapolate samples collected in the northern part of the
mouth and in two fjord arms to the entire area shown in Fig.
3. In any case, the estimate from the Nuuk Fjord only
contributes ~10% of the total abundance estimate for
humpback whales in West Greenland.

Many sightings of large baleen whales could not be
assigned to a species. If these 35 undetermined sightings
were included in the abundance estimates in proportion to
the correctly identified sightings of the four target species,
then the abundance estimates increase as much as 43% for
fin whales (resulting in a revised estimate of 2,824 fin
whales, 95% Cl=1,346-5,925). Similarly the abundance
estimates for sel and humpback whales increase by 26% and
16%, respectively (Table 4).

All the abundance estimates presented in this manuscript
arelikely negatively biased for at |east two reasons. First, no
corrections have been made for whales submerged during
the passage of the survey vessel or whales missed by the
observers. This may be less of a problem for fin and sei
whales, which can be seen at long distances from the vessel,
but is certainly of concern for common minke whales, which
are smaller and less conspicuous. Common minke whales in
West Greenland are hunted intensively and considering the
skittish behaviour of common minke whales in West
Greenland, attraction to ships seems unlikely. The issue of
ship avoidance (Palka and Hammond, 2001) was not
addressed in this study. Secondly, the survey did not
cover the entire stock area used by any of the whales in
either East or West Greenland. The survey covered the
banks of both areas, but whales were sighted at the
borderlines of severa strata indicating a connection to a
larger unsurveyed area.

Abundance of fin whales

No fin whales were sighted in the northern survey strata
(North West and in Disko Bay) despite good conditions and
considerable effort. Fin whales have frequently been
observed in these areas (Heide-Jergensen et al, 2003;
Kapel, 1979;1984;1985; Kapel and Larsen, 1982;1983;
Larsen, 1981) and the lack of sightings might be due to the
late seasonal coverage. Fin whales were however estimated
to occur in large numbersin Central West (1,263) and South
West Greenland (1,562) as well as in East Greenland
(3,917). The survey in East Greenland only covered parts of
the distribution of fin whales between the coast and Iceland,
where an estimated abundance of 24,000 fin whales was
obtained in 2001 (Vikingsson et al, In Press). The
abundance of fin whales in West Greenland (1,980 95%
Cl=913-4,296) estimated by using only identified blowswas
larger, athough not significantly higher, than the estimate
from the aerial surveysin 1987 and 1988 (IWC, 1992) and
lower than the estimate from the 2005 autumn aerial survey
accepted by the IWC Scientific Committee (Heide-
Jargensen et al, 2007; IWC, In press) of 3,200 (95% ClI
1,400-7,200).

Abundance of sei whales

The high number of sightings and high abundance of sei
whales in West Greenland was somewhat surprising. Sei
whales are traditionally believed to occupy more southern
areas of the North Atlantic (Cattanach et al, 1993) and have
not been found often in West Greenland. Kapel (1985)
summarised observations and catches of sei whales in West
Greenland waters in the 18t, 19th and 20th Centuries. The
first confirmed sighting of a sei whale in Greenland was
from Norwegian catches in 1924. During 1924-57, 18 sei
whales were confirmed caught and a similar number of
catches are unconfirmed, of which only four seem to be
plausible sei whales. Kapel (1985) report that the erratic
occurrence of sei whales in West Greenland waters may be
related to the sea surface temperature, especially the influx
of warm Irminger water to the southern part of Davis Strait.
I'n 2005 the warmest sea surface temperatures were observed
in West Greenland since 1876 (GINR unpublished data), and
these warm temperatures may be related to the large
abundance of sei whalesin the area.

Abundance of humpback whales

An estimated abundance of 1,306 humpback whales
(CV=0.42, 95% CI=570-2,989) from identified blows in
West Greenland and 347 humpback whales in East
Greenland (CV=0.85, 95% Cl=48-2,515) is approximately
three times larger than any previous estimates of this species
in Greenland waters. Photo-1D surveys of humpback whales
conducted off West Greenland during the 1990s resulted in
an estimate of 360 humpback whales (CV=0.07) in West
Greenland in summer (Larsen and Hammond, 2004). At that
time three concentration areas were identified: an area off
Nuuk, an area at approximately 63°30'N, and an area off
Paamiut. This survey did not intensely cover any of these
three areas, yet ill resulted in a significantly larger
abundance estimate than in the past, suggesting the present
estimates may even be low. This survey covered a wider
range of the humpback whale distribution in West
Greenland than any previous surveys and thus has a more
complete, although less intense, coverage of the humpback
whale distribution in West Greenland. The long-distance
movements and broad use of the West Greenland coast has
recently been revealed by satellite tracking studies (Heide-
Jorgensen and Laidre, 2007), suggesting humpback whales
use a large area of West Greenland and have a broad
distribution. Part of the difference in present and past
abundances of humpback whales may be explained by a
growth in the abundance of humpback whales in West
Greenland, which is not unreasonable to assume given
observations in other areas of the North Atlantic.
Sigurjénsson and Gunnlaugsson (1990) observed an
increase in humpback whale numbers around Iceland of
11.2% per annum between 1970 and 1988. Pike et al (2005)
observed an even higher growth rate for humpback whales
around Iceland from the North Atlantic Sighting Surveys
(NASS). Based on an assumed growth of 10% per year since
1990 and a presumed abundance of 500 humpback whalesin
West Greenland in 1990, a present-day (2005) abundance
should be on the order of approximately 2,000 whales. This
is within the confidence limits of the present abundance
estimates.

Abundance of common minke whales

The relatively low number of sightings of common minke
whales severely reduced the precision of the abundance
estimates in this study. Estimation of a detection function
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was only possible through inclusion of sightings en routeto
and from I celand. The variance on the common minke whale
abundance estimates was very high, but it is important to
note that correction for whales that were submerged during
the passage of the survey platform and whales missed by the
observers would raise the lower confidence limit of the
estimate substantially.

One option for improving the accuracy of the common
minke whale estimateis to use a correction factor for whales
missed by the observer (g(0)) developed in a different
survey. @ien (1990) used a double platform design to
estimate g(0) in an area west of Svalbard, where common
minke whales occur in high densities. A large proportion of
the common minke whale sightings were missed by the
primary platform (g(0)=0.56, SE=0.07) and applying this
correction factor gives a partialy corrected abundance
estimate for West Greenland of 7,998 common minke
whalg (CV=0.47, 95% Cl=3,048-20,988). The g(0)
estimate was developed on a different survey platform
with different observers and in an area with high
densities of common minke whales where whale spotters
presumably are more efficient (dien, 1990). In addition,
the correction does not include whales that were diving
during the passage of the survey platform. In any case we
believe that the corrected estimate probably provides an
abundance estimate that is closer to the actual abundance of
common minke whales in West Greenland in late
autumn 2005. These estimates are not suffierenthy different
from the estimate accepted by the IWC Scientific
Committee from an autumn 2005 aerial survey (Heide-
Jargensen et al, 2007; IWC, In press) of 10,800 (95% ClI
3,600-32,400).

Few sightings of common minke whales were made
on the offshore banks of West Greenland, an area
where they used to be frequently encountered (Kapel
and Larsen, 1982). There has been no hunting of
common minke whales in this offshore area since
the ban on commercial whaling in 1985 and the lack of
whales in this region cannot be attributed to harvest.
It is well known that common minke whaes travel
extensively, and recent satellite tracking studies off
Iceland show that this species can move 1,000km in just two
months, reaching the Cape Verdes Isles from Icelandic
waters in just 60 days. It is highly possible that common
minke whales inhabiting Greenlandic waters are a
temporary population that move in and out of important
areas, as observed in Iceland (Heide-Jargensen et al, 2001;
Vikingsson and Heide-Jargensen, 2005). This makes it
difficult to relate the present abundance estimate to any
actual stock size.

Other species

Species diversity in cetacean sightings was much higher in
East Greenland but abundance estimates could not be
derived for all species. One northern right whal e was sighted
east of Greenland in an area dightly north and east of the
whaling ground known by the whalers asthe * Cape Farewell
whaling ground’ used by American whalers during 1868-98
for finding right whales (Reeves and Mitchell, 1986). Thisis
also the area where right whales have been sighted in recent
years (Reeves et al, 2004). Few odontocete whales were
seen in West Greenland, these fish eaters seem to be sighted
more typicaly in East Greenland in contrast to the many
baleen whales sighted feeding on zooplankton in West
Greenland.

CONCLUSIONS

The ship-based survey presented here provides a somewhat
sporadic effort along East and especialy South West
Greenland. In some cases the patchy effort also leads to
guestionabl e extrapol ations of densitiesto unsurveyed aress.
The survey however provides insight into what can be
accomplished by a ship-based cetacean survey effort in
Greenland.

The abundance estimates for large cetaceans obtained
during this survey are in some cases larger than expected
and confirm that the waters of Greenland support large
numbers of baleen whales during this season. The extensive
ship survey coverage, coupled with the verification of high
numbers of sightings and large group sizes by a concurrent
aerid survey (Heide-Jergensen et al, 2007), suggest
abundances are considerably larger than previously
reported.

This survey was conducted late in the season. No whales
were seen in the northernmost strata along West Greenland
and only humpback whales were sighted in Disko Bay.
Presumably most large whales were on their southbound
exodus from Greenland by September (Heide-Jargensen et
al., 2001; Vikingsson and Heide-Jargensen, 2005) and this
may have resulted in a reduced abundance relative to that
which would have been estimated earlier in the summer.
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