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ABSTRACT

With the purpose of determining the distribution and abundance of ringed seals (Phoca hispida)
hauling out on the ice, systematic strip census aerial surveys were flown in the Kong Oscars Fjord,
Scoresby Sund and adjacent areas (between approximately 70°N and 72°30°N in eastern
Greenland) from 7 to 13 June 1984. The study area comprised approximately 18,500km? mainly
covered with smooth one-year-old shore-fast ice. The survey effort was concentrated in the after-

“noon during the presumed peak haul-out period. Main emphasis was given to surveying the Kong

Oscars Fjord/Davy Sund and the Scoresby Sund/Hurry Fjord areas which were surveyed twice.
Average densities in various sub-areas varied between 0.3 and 2.9 seals/km’ and were similar to
those reported from other Arctic areas. No significant differences in densities were found between
sets of surveys of the same sub-areas. The mean density (2.00 seals/km?, SD=0.22) in the Scoresby
Sund area was significantly higher than that found in Kong Oscars Fjord (1.04 seals/km?, SD=0.15)
probably reflecting a higher overall marine productivity in Scoresby Sund. The sum of the point es-
timates of the visible part of the population in the different sub-areas was 28,882 seals.

INTRODUCTION ' Although the number of seals hauling out are
The ringed seal (Phoca hispida) is widely | influenced by several factors such as weather
distributed in Greenland where it is the | conditions, and in particular the wind-chill ef-
most common marine mammal inshore | fect (Finley 1979, Smith and Hammill 1981),
(Teilmann and Kapel this volume). In coastal | there is a tendency that the seals prefer to haul
regions ringed seals spend most of their time | out on the ice in early to mid-afternoon (Burns
during winter in dens under the snow on the = and Harbo 1972, Smith 1973a, Finley 1979,
shore-fast ice and in the water (Frost and Lowry | Stirling et al. 1982, Kelly et al. 1986).
1981, Helle 1992). However, after the breeding
season (March - early May) they haul out on the | In connection with oil-exploration on the penin-
ice to moult (Stirling 1975, Frost and Lowry | sula of Jameson Land, situated between
1981). The greatest number of seals haul out in | Scoresby Sund/Hall Bredning and Kong Oscars
late June, immediately prior to break up of the | Fjord/Davy Sund in eastern Greenland (Fig. 1),
fast ice (McLaren 1958, Smith 1973a,b), and | a variety of biological studies were conducted
therefore aerial surveys to determine the distrib- | between 1981 and 1989 to provide back-ground
ution and relative abundance of ringed seals in | information for an environmental impact as-
shore-fast ice habitats have mostly been con- = sessment. Because oil could be shipped from
ducted during June (Stirling et al. 1977). | Jameson Land via the surrounding fjords, and in
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particular through either Scoresby Sund and
Hurry Fjord, or Carlsberg Fjord and Kong
Oscars Fjord/Davy Sund, aerial surveys were
conducted in 1984 to determine the distribution
and abundance of ringed seals in these areas.
This study represents the only attempt so far to
systematically assess the number of ringed seals
in a Greenland shore-fast ice habitat. Pre-
liminary results were presented in Born (1984,
1988).

In this paper results are presented on the distrib-
ution and abundance of ringed seals in the
Scoresby Sund/Hall Bredning and Kong Oscars
Fjord/Davy Sund and adjacent areas in June
1984.

MATERIALS AND METHODS

The study area

The Kong Oscars Fjord/Davy Sund and
Scoresby Sund/Hall Bredning with tributary
fjords comprised the study area (Fig. 1). These
large fjords are partially sheltered from the East
Greenland Current which brings water of Polar
origin south along the eastern coast of Green-
land (Sloth 1986). However, water from the
East Greenland Current enters the entrance to
Kong Oscars Fjord and Scoresby Sund. An
eddy between this influx and a counter-acting
efflux of water, in conjunction with up-welling,
creates a polynya at the entrance to Scoresby
Sund (Digby 1953); a phenomenon not present

Fig. 1

The Kong Oscars Fjord
- Scoresby Sund study
area in eastern Green-
land with transects
flown during aerial sur-
veys of ringed seals,
June 1984. Transect
numbers and direction
of flights are indicated.
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...... = Ist survey

= 2nd survey.

Dotted areas = not sur-
veyed due to fog.
2ansan = Edge of
shore-fast ice.

....... = delineation
between different types
of ice in the Kong
Oscars Fjord - Davy
Sund area.

The location of the
three Inuit settlements
at the entrance to the
Scoresby Sound is indi-
cated.
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at the entrance to Kong Oscars Fjord. Outside
Kong Oscars Fjord the East Greenland Current
is forced away from land, and the current often
has insufficient force to break up the fast ice, or
transport ice away from the entrance (Anon.
1983, Rice 1983).

In both Kong Oscars Fjord and the main portion
of Scoresby Sund/Hall Bredning water depth
ranges between 200 and 600m (average depths
around 400m) with shallower waters along the
coasts of the peninsula of Jameson Land. In the
western fjords of the Scoresby Sund fjord-com-
plex (Fig. 1) water depths are greater being
about 900-1,000m in Fgnfjord and @fjord, and
more than 1,000m in Nordvestfjord (Navi-
gational charts 2600 and 2701, Royal Danish
Hydrographical Office, Copenhagen 1966).

In the Scoresby Sund region sunlight disappears
on 26 November and reappears on 17 January.

Midnight sun prevails between 17 May and 28 |

July (Anon. 1990a). Temperatures and precipi-
tation reflect the High Arctic conditions of the
region. Annual average temperatures are around
-5°C, with positive mean temperatures during
June-September (average in June: c. 2.5°C).
Partially due to the presence of a dense and pro-

longed cover of pack ice along the eastern coast |
of Greenland precipitation is moderate for a ma- |
| of the aircraft of 200m width each, and a 200m

jor part of the year (<5cm/year) (Anon. 1990b).

The dense cover of land-fast ice breaks up
around mid July in the Scoresby Sund fjord
complex, but usually some 10 days earlier in
Hurry Fjord. In the Kong Oscars Fjord area
break up is a little later with fast ice sometimes

persisting through August. New fast ice is usu- |

ally formed in late September - early October
(Rice 1983).

Winds are strongly affected by local topography
in this highly mountainous region, with differ-
ent winds blowing in places only a short dis-
tance apart. As registered at the entrance of
Scoresby Sund about 30% of the time is calm in
June when more than 30% of the wind comes
from the east (Anon. 1990b).

Collection of data in the field

From 7 to 13 June 1984, systematic aerial sur- ‘
' cloud cover (octas), wind and temperature (°C).

veys were flown over the ice covering the

coastal areas between approximately 70°N and
72°30°N in eastern Greenland (Fig. 1). The sur-
veys were designed as a systematic strip census
(Stirling et al. 1982, Kingsley et al. 1985). The
transects were oriented east-west in the large
fjords and were spaced with five minutes lati-
tude (9.3km; Fig. 1). During the second survey
of the Scoresby Sund/Hall Bredning area, the
transects were transposed two minutes latitude
(3.7km) to increase the information about dis-
tribution. It was the intention to use the same
design in the Kong Oscars Fjord/Davy Sund
area. However, malfunctioning of the naviga-
tional system prevented a similar placement of
transects in practice during the second survey of
this area. Narrow fjords were surveyed in a zig-
zag pattern which was operationally conve-
nient, or the flight tracks followed the mid-line
of the fjords (Fig. 1).

The surveys were carried out in a Partenavia
P68 Observer, a high-winged, twin-engine air-
craft with a Plexiglas nose which allowed for-
ward observations. Navigation was by a Litton
3000 Omega navigation system corrected by
observations of recognisable land marks.

After initial tests, a total strip width of 1,000m
was decided. The strip was divided into five
zones; an inner and an outer zone on each side

wide centre zone. Two rear observers covered
the inner and outer zones, while the centre zone
was covered by the pilot and the front observer.
In the observers’ field of view these zones were
delineated by horizontal lines which were
painted on the windows. The placement of the
lines was first calculated, and their correct
placement subsequently verified by flying past
ground targets with known distance from the
flight track.

The transects were flown at a target altitude of
150m (about 500ft), and an indicated airspeed
of 120 knots (about 220km/h). All surveys were
flown between 11:30a.m. and 6:00p.m. local
time, with main effort in the afternoon. The ob-
servers maintained the same seats during all
flights. The front observer was responsible for
correcting the navigation and registration of all
observations, ice conditions (type and cover),
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The front observer noted all observations on |
| tions made within the inner strips were used for

data-sheets at one-minute intervals.

The north-south oriented extension of the wide
Scoresby Sund is called Hall Bredning (Fig. 1).
However, for simplicity these two areas are
subsequently referred to only as Scoresby Sund.

Analyses of data

In extension of Cochran’s (1963) discussion of
systematic versus random sampling, Kingsley
and Smith (1981) argued that when sampling
large areas with suspected trends in density,
such as might be the case with ringed seal in in-
shore fast-ice habitat, systematic sampling
might be preferable. Because a main purpose of
this study was determining distribution, we
chose systematic sampling which is also opera-
tionally easier to apply than random sampling.

The density (ﬁ) in seals/km? was calculated as:
A n n
R= 2yl Xz
1 1

Where y is the number of seals observed on the
i’th transect, z the area (km?) covered on the i’th
transect, and n the number of transects. The es-
timate of abundance (N) (i.e. the visible part of
the population of seals on the ice or at the water
surface) was calculated as:

A
N=R*A

Where A is the total area covered in a sub-area
(or stratum). The standard error (SE) of the
abundance estimate given by Stirling et al.
(1982) was calculated as:

A
SE=N* S/R
Where S is the standard deviation (=SD), and S*
is the variance of the density estimate (R) for
systematic surveys suggested by Kingsley and
Smith (1981) (notation following Stirling et al.
1982):

A n-1 n

S*R)=n* %‘. (d -d, )/2(mn-1)* (%zi)z
where d =y, - (ﬁ 7).

The total number of seals observed within each
200m wide strip was compared (see Results).

As a result of these comparisons only observa-
calculation of densities and abundance of seals.

Unpaired t-tests were used for testing for differ-
ences between mean densities obtained during
the two surveys of various sub-areas, except in
the case of the Scoresby Sund/Hall Bredning
area where a paired t-test was applied because
transects were displaced only 3.7km between
the first and the second survey. Chi-square tests
were used for testing differences in number of
seals observed within each 200m wide strip.

RESULTS

Weather and ice conditions

Most of the area surveyed was covered by one-
year-old even fjord ice covered with snow (Fig.
2, Table 1). In September 1983 it was observed
that Nathorst and Carlsberg fjords were still
covered by one-year-old fast ice (Born 1983),

| and therefore it was assumed that ice older than

one year covered these fjords in June 1984. In
Davy Sund and along the coast of Liverpool
Land the ice consisted of consolidated pack ice
(Table 1). In Rypefjord and in parts of @fjord,
Harefjord and Nordvestfjord in the western
parts of the Scoresby Sund complex, the ice ap-
peared bluish with a c. 0.5m layer of water on
the surface. Flyverfjord, Vestfjord and the

. southwestern part of Gésefjord and Nordvest-

fjord had a cover of 10/10 of rough and ridged
ice composed of consolidated floes, with bergy
bits and ice bergs from the many glaciers in
these areas.

In general the weather conditions were good for
aerial surveys of ringed seals. During the entire
survey period the weather was fair, dominated
by a stable high pressure. During each survey of
a sub-area, weather conditions varied little, and
were basically subject only to local variations
related to topography, and cloud cover. How-
ever, in all cases where sub-areas were sur-

. veyed twice, average temperatures were highest
" during the second survey (Table 1). Fog banks
. which covered large areas during the night usu-

ally disappeared before noon. However, fog
prevented some areas from being surveyed

(Fig. 1).
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Densities and estimates of abundance
Selection of strips for estimation of densities

The total number of ringed seals observed in the |

centre, inner and outer zones differed signifi-
cantly (p<0.001; Table 2). Furthermore, signifi-
cantly higher numbers of seals were observed in
the outer zones than in the inner zones (p<0.05).
It was concluded that only in the two inner
zones were the observations representative (see
Discussion). Therefore only the observations
from these two zones were used to estimate
densities and abundance of seals (total strip
width=400m).

Kong Oscars Fjord and Davy Sund

In this study a transition between relatively
smooth ice in Kong Oscars Fjord and ice con-
sisting of consolidated floes in Davy Sund (i.e.
the entrance to Kong Oscars Fjord) was used to
delineate these two sub-areas (Figs 1-2).

The estimates of average densities obtained
during the two surveys of Kong Oscars Fjord
did not differ significantly (p>0.05; Figs 1 and
3). The average density based on both surveys
was 1.04 seals/km? (SD=0.15), and the corre-
sponding estimate of abundance 2,501 seals
(SE=361; Table 3).

NAMMCO Scientific Publications, Volume 1

Fig. 2
Distribution of
different types of
ice in the Kong
Oscars Fjord -
Scoresby Sund
study area during
the ringed seal
survey, June
1984.
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Table 2. Total number of ringed seals ob-
served within each 200m wide observation
zone (total strip width = 1,000m) during aer-
ial surveys in the Scoresby Sund and Kong
Oscars Fjord areas, eastern Greenland, June
1984.

Observation zones
Left Right
Outer Inner Center Inner OQOuter

No. seals 1,324 899 606 889 1,131

Neither did the estimates of density obtained
during the two surveys of the consolidated pack
ice in Davy Sund differ significantly (p>0.05).
However, the estimate of the average density
from the two surveys combined (0.79 seals/km?,
SD=0.13; abundance=917 seals, SE=151; Table
3) was significantly lower than the average esti-
mate of density of the smooth fast ice in Kong
Oscars Fjord (p<0.01).

Fleming, Nathorst and Carlsberg fjords,
Liverpool Land and Store Fjord

The surveys on 7 and 11 June of the small tribu-
tary fjords Fleming and Nathorst Fjord were
more of a reconnaissance nature. The survey of
Fleming Fjord (Fig. 4) resulted in an estimate of
density of 0.84 seals/km* (SD=0.42) and an es-
timate of abundance of 157 ringed seals
(SE=79; Table 3). Combining observations
made in Nathorst Fjord during transit flights on
7.and 11 June (Fig. 4) resulted in a crude esti-
mate of density of 1.95 seals/km? (no SD calcu-
lated), and an estimate of the visible population
of 274 seals (Table 3).

The more than one-year-old fast ice of
Carlsberg Fjord was surveyed twice (Figs 5a-b).
However, the estimates of average density
from the two surveys did not differ significantly
(p>0.05). The mean density based on both sur-
veys was 1.33 seals/km? (SD=0.46) with a cor-
responding estimate of abundance of 795 seals
(SE=275; Table 3). Average seal density in this
fjord did not differ significantly from average
densities in any of the aforementioned areas
which were covered with different types of ice
(p>0.05).

During a reconnaissance flown on 7 June over
parts of the consolidated shore-fast pack ice
along the coast of Liverpool Land, a crude den-
sity estimate of 0.50 seals/km® was obtained
(Fig. 3; Table 3). In contrast the sheltered and
narrow Store Fjord of Liverpool Land had
smooth one-year-old ice and an average density
of 1.42 seals/km? (Table 3).

Scoresby Sund, Hvalros Bugt and Hurry Fjord
Ringed seals were widely distributed through-
out Scoresby Sund (Fig. 3). The estimates of
overall density obtained from the two surveys
of this area did not differ significantly (p>0.05).
However, the estimate of density based on both
surveys (2.00 seals/km? SD=0.21) was signifi-
cantly higher than that found in Kong Oscars
Fjord (p<0.01).

The estimate of the visible population of ringed
seals in the Scoresby Sund area based on both
surveys combined was 15,884 (SE=1,668;
Table 3).

Observations made on 11 June in Hvalros Bugt
situated in close proximity to the three settle-
ments at the entrance to Scoresby Sund (Fig. 1)
resulted in relatively high crude estimates of
seal density and abundance: 1.84 seals/km? and
103 ringed seals, respectively (Table 3).

The entrance to Scoresby Sund (i.e. the area be-
tween the edge of the fjord ice and 22°W; Fig.
2), surveyed on 8 June, had 1-5/10 cover of ice
floes and sea-state 0. During surveying of a to-
tal of 66 linear km, 9 ringed seals were ob-
served, of which three were on the ice (Table 3).

Hurry Fjord was surveyed in a zig-zag pattern
on 7 and 11 June (Figs 5c-d). Both surveys re-
sulted in comparatively low estimates of densi-
ties that did not differ significantly (p>0.05).
Density and estimate of the visible population
of seals based on both surveys were 0.44
(SD=0.13) seals/km? and 114 (SE=34) seals, re-
spectively. The average density in this fjord was
significantly lower than that found in Scoresby
Sund (p<0.01).

The western fjords of the Scoresby Sund complex
On 9 June a reconnaissance was flown in the
fjords of the western parts of the Scoresby Sund

Ringed Seals in the North Atlantic
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complex (Géasefjord, Fgnfjord, Vestfjord, Rgde-
fjord, Harefjord, Rypefjord, @fjord, Nordvest-
fjord and Flyverfjord; Fig. 1). This survey re-
sulted in crude estimates of average densities
ranging between 0.31 and 2.89 seals/km? for
the different fjords (Fig. 3). The densities in the
deep Nordvestfjord and Flyverfjord were re-
markably low (0.45 and 0.31 seals/km?). In all
these fjords combined the overall estimate of
density was 1.68 seals/km? with a correspond-
ing estimate of the visible population of 7,553
seals (Table 3).

Aggregations of seals

Overall, 6.5% of all seals observed (n=1,981)
occurred in pairs, the majority of which were
found in the western parts of the Scoresby Sund
complex. In a total of 10 cases, three to five
seals were seen around a single breathing hole
in the various sub-areas. In 11 cases seals aggre-
gated along leads in the fast ice (3 to 12 seals).
Such aggregations were also found in different
sub-areas, i.e. central Kong Oscars Fjord, even-
ly distributed in Scoresby Sund, and in Gése-
fjord.

NAMMCO Scientific Publications, Volume I

Fig.3

Densities of
ringed seals
(seals/kn?’) in the
Kong Oscars
Fjord/Davy Sund,
Scoresby Sund/
Hall Bredning
and adjacent ar-
eas obtained dur-
ing aerial surveys
conducted during
June 1984.
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DISCUSSION

A difference was found in the num-
ber of seals observed in the different
observation zones, and we excluded
observations made in the centre and
the outer zones. The relatively low
number recorded for the centre zone
can be explained by impaired visibil-
ity caused by reflections in the
Plexiglas nose of the aircraft, and by
a reduction in observation effort due
to the other tasks of the pilot and the
front observer. A suspected over-reg-
istration in the outer zones may have
been caused by incorrect placement
of the zone markers on the side win-
dows, but more likely by the fact that
unavoidable changing postures of the
rear observers during the surveys re-
sulted in different angles of view, and
consequently in over-estimation of
the width of the outer zone. This may
also be true for the inner zones, al-
though the error for this zone will be
relatively smaller due to a higher
declination (angle to surface).

Use of the line transect technique
was considered, which involves mea-
suring the angle to all observation for
apost hoc determination of the prob-

71°30'N

Seals/km2 0 <1 1-2 2-3 3

72°N|

ability detection function (Burnham
et al. 1981). It was, however, decided not to use
this method because with relatively high densi-
ties of seals there was a risk that measuring an-
gles would distract the observers from detecting
all seals along the flight path. On the other
hand, line transect methodology allows for de-
termination of strip width (effective search
width; Burnham et al. 1981) post factum.
Using this method therefore has the advantage,
amongst others, of eliminating potential prob-
lems associated with incorrectly placed zone
markers and/or change of observers’ posture
during strip census surveys.

Relatively low densities found in the consoli-
dated pack ice in Davy Sund and along
Liverpool Land are typical for ice along ex-
posed coasts (McLaren 1958). Densities found
in our study were somewhat lower than densi-
ties found in the shelf ice along SE Baffin

Island (Finley ef al. 1983), but similar to those
found in the pack ice in the Beaufort Sea
(Stirling et al. 1982). In general, however, the
densities of ringed seals found in this study did
not differ from those reported for similar habi-
tats in other Arctic areas (Miller ef al. 1982).

The densities of ringed seals in the Scoresby
Sund area were significantly higher than those
found in the Kong Oscars Fjord area. It is sug-
gested that the reason for this difference is a
higher marine productivity in Scoresby Sund
compared with the Kong Oscars Fjord area, per-
haps related to differences in water circulation
patterns. This circulation pattern creates a bio-
logically rich polynya at the entrance to
Scoresby Sund (Born 1983, Dietz et al. 1985).
A similar polynya is not found at the entrance to
Kong Oscars Fjord. Furthermore, the discharge
of glacier ice is much higher in the Scoresby
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Fig. 4

Densities (seals/km?)
obtained during
aerial surveys of
Fleming Fjord (11
June) and Nathorst
Fjord (7 and 11
June), 1984. The
number of transects
are shown (for
segments used for
estimating variance
of the densities

see Table 3).
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Fig. 5
Densities (seals/kn?’)
obtained during
aerial surveys of
Carlsberg Fjord on

7 (a) and 11 (b) June,
and during surveys
of Hurry Fjord on 7
(c) and 11 (d) June,
1984 (for segments
used for estimating
variance of the densi-
ties see Table 3).
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Sund area than in Kong Oscars Fjord (Anon.
1990b). The movements and melting of these
sometimes very large icebergs likely add to the
mixing of the water column in Scoresby Sund,
thereby enhancing marine productivity.

Miscellaneous observations summarised by
Dietz et al. (1985) indicated that the densities of
marine mammals in Kong Oscars Fjord and
tributary fjords are generally low.

Low densities were found in the open water
area at the entrance to Scoresby Sund. How-
ever, ringed seals are difficult to observe in wa-
ter due to their small size and low colour con-
trast to the sea surface. Furthermore, during the
survey many seabirds, e.g. little auk (Alle alle)
and Briinnich’s guillemot (Uria lomvia), were
present in the open water making it difficult for
the observers to detect ringed seals among the
ice floes.

The reconnaissance in the western fjords of the
Scoresby Sund complex indicated that these
fjords could be divided into three categories ac-
cording to densities of ringed seals: 1) in
Gésefjord, Fgnfjord, Rgdefjord and Bfjord rela-
tively high densities were found similar to those
in Scoresby Sund. In these fjords the moderate-
ly ridged one-year-old ice covered with snow
appeared as a suitable ringed seal habitat; 2) the
somewhat lower densities found in Vestfjord,
Harefjord and Rypefjord may be explained by
the large amount of glacier ice blocking
Vestfjord, and the layer of melt water covering
parts of the ice in the other fjords; 3) low densi-
ties found in Nordvestfjord and Flyverfjord
may be attributed to low marine productivity in
these fjords. This low productivity may be as-
cribed to the great water depths in these fjords
with hydrographical conditions perhaps causing
little vertical mixing of the water column.

Surveys of ringed seals usually have substantial
variation of the estimates of abundance (Stirling
et al. 1977, Helle 1980, Hirkonen and Heide-
Jgrgensen 1990, Lunn et al. 1997). In this study
the relative variation (SE) of the abundance es-
timates averaged 37% (range: 10.5-100%). The
lowest variation was found in Scoresby Sund
where the seals were fairly evenly distributed
over a large area that was covered by relatively

many transects, whereas in other areas variation
was substantial due to few transects flown with
variable number of seals.

The abundance estimates are conservative since
they do not account for seals that were not
hauled out during the surveys. The proportion
of the seal population which is underneath the
snow and the ice at any given time, and there-
fore is hidden from detection during a survey,
varies greatly. According to Smith (1973 a,b)
and Smith and Hammill (1981), about 50% of
the seals may not be on the ice at any given
time, whereas Finley (1979) estimated that
about 70% of the population may haul out un-
der good weather conditions during the midday
period.

The number of seals that are available for detec-
tion on the ice during a survey is affected by
several factors: 1) increasing proportion of seals
hauling out to moult during spring; 2) diurnal
cycle in haul-out activity; 3) weather condi-
tions; 4) immigration or emigration.

In Frobisher Bay (Baffin Island, Canada) the
number of seals on the ice doubled from the be-
ginning to the end of June (McLaren 1966). At
Victoria Island (central Canadian High Arctic) a
similar increase was observed between 7 and 13
June (Smith 1973a: his Fig. 2), i.e. same period
as in the present study. By monitoring the activ-
ity of radio-tagged ringed seals, Kelly et al.
(1986) revealed that from March until June, the
seals doubled the time out of the water.

Some studies have found a diurnal rhythm in
the ringed seals’ haul-out pattern. Finley (1979)
and Stirling ef al. (1982) found that the number
of ringed seals hauling out on the ice peaked
during mid-afternoon. However, Smith and
Hammill (1981) did not find any clear pattern
in diurnal haul-out activity.

The number of seals on the ice is also influ-
enced by weather conditions. The density of
seals on the ice has been found to be negatively
correlated with wind speed (Smith 1973a,
Finley 1979, Stirling et al. 1982). Furthermore,
Finley (1979) reported that the number of seals
on the ice tended to decrease on warm, clear
and calm days, whereas Stirling ef al. (1982)
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stated that the seals preferred to haul out on
clear and calm days.

year where the proportion of seals hauling out
to moult is supposedly high, and with survey ef-
fort concentrated in the afternoon in favourable |
weather conditions. There were not, however,
any information about the actual proportion of |
seals hauling out during the surveys. Therefore, |
it can only be speculated, by analogy with other |
studies (Smith 1973a,b, Finley 1979, Smith and \\
Hammill 1981), by which factor the abundance |
estimates reported here must be raised to en-
compass the entire population of ringed seals
within the surveyed areas.

The surveys were flown during a period of the ‘
%

It was assumed that the seals surveyed represent
the resident population (i.e. those which had
wintered in the areas). Numerous observations
of ringed seals from the offshore pack ice in
eastern Greenland have been reported (cf. Dietz
et al. 1985). For example, Kolthoff (1901) re-
ported the observation of hundreds of ringed
seals and breathing holes in the pack ice be-
tween eastern Greenland and Svalbard, and he
assumed that the ringed seals gave birth in the
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