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ABSTRACT

Between 2005 and 2008, 31 walruses were tagged with Argos satellite transmitters at their win-
tering grounds at Store Hellefiske Banke, Central West Greenland (N=23), and at their sum-
mering grounds off the coast of Southeast Baffin Island, Canada (N=8). Two male walruses
moved along the Greenland coast from Store Hellefiske Banke north to Disko Banke, where con-
tact was lost. Two other males went further north, up to the Upernavik area. Contact was lost
with one of these tags, but the other animal travelled southward again and went towards Southeast
Baffin Island. Eight of the tagged walruses moved between West Greenland and Baffin Island,
demonstrating a connection between walruses at these sites. Walruses left the Store Hellefiske
Banke during the period 7 April to 17 May and on average used 7 days to swim the 400 km across
Davis Strait. The migration routes were quite similar; they travelled over the shallowest areas at
the narrowest part of the strait. The timing of the spring dispersal and migration towards Canada
was closely linked to the extent and timing of the retreat of the pack ice edge. One flipper tagged
male that was marked off South Baffin Island was recovered in a hunt on Store Hellefiske Banke,
documenting that the reverse migration also occurs. Off West Greenland satellite tagged wal-
ruses spent a lot of time around the Store Hellefiske Banke (55.0°–56.5° W), using this shallow
area as feeding grounds irrespective of the ice cover in this area. Partial sexual segregation was
observed. Despite a tendency in West Greenland for males to occur farther offshore, farther from
the ice edge and at greater depths, only their preference for denser ice cover (64% ice cover) dif-
fered significantly (P=0.019) from the habitat preferences of females (52% ice cover). Coast dis-
persal was more condensed and the segregation between males and females was more pronounced
during autumn along the Southeast Baffin Island. Females remained farther north (P<0.001) and
farther east (P=0.006), and males were more often located offshore in areas with greater water
depths (P=0.024). Males had also had larger home range than females during both seasons.



INTRODUCTION

Walruses occur during the winter and spring in Central West Greenland (between ca. 66.50° and
70.75° N), but are absent from this area during the open water period (i.e. summer; Born et al.
1994). Walruses in Central West Greenland are to a large extent genetically and geographically
separate from walruses farther north (i.e. the Baffin Bay stock in the Smith Sound area; Andersen
et al. 2014), but do not differ genetically from walruses along SE Baffin Island across Davis
Strait (Andersen et al. 2014, NAMMCO 2009). When in Central West Greenland the walruses’
preferred habitat are two banks (<200 m) with suitable food items: West of Disko Island (69.75°
to 70.75° N) and Store Hellefiske Banke (66.50° and 68.25° N; Born et al. 1994). However, prior
to this study no information on the movements of walruses from these two banks to the sites they
occupy during the open water period has been available.

Understanding the movement and stock discreteness of walruses is important for several rea-
sons. Walruses are subsistence hunted in both Central West Greenland and along Southeast Baffin
Island in Canada. Historical and current exploitation rates are relatively high and are thought to
be unsustainable in the long-term (Born et al. 1994, 1995, NAMMCO 1995, 2006, Witting and
Born 2005, COSEWIC 2006). Understanding stock structure and stock identity is important for
calculating population sizes and for setting levels of sustainable exploitation appropriate to spe-
cific stocks (e.g. NAMMCO 2005, 2009, Heide-Jørgensen et al. 2014, Stewart et al. 2014).
Information about movements obtained from satellite telemetry is an important tool in devel-
oping an understanding of stock delineations.

The walruses in West Greenland are likely to soon face negative impact from increased indus-
trial activity. Oil exploration has been intensified in recent years in walrus habitat in West
Greenland (Mosbech et al. 2007). Noise from seismic surveys, exploration drilling, building of
production facilities and other traffic related disturbances linked to oil exploration activities
including helicopter transport and intensified shipping may potentially displace walruses from
their wintering grounds on Store Hellefiske Banke, Disko Banke or other important feeding
grounds. Oil spills pose another risk because they can affect the benthic feeding of the walrus-
es, which may force the walruses to seek food in suboptimal regions. A change in ice extent is
also likely to affect the movement and behaviour of the walruses. Sea ice in eastern Baffin Bay
has decreased significantly during the last decade (Stirling and Parkinson 2006). Continuation
of this trend in eastern Baffin Bay may not only influence the distribution of walruses but also
the human hunting patterns, providing the hunters easier access to walruses on their near-shore
foraging grounds (Born 2005). In future, warmer winters may change the distribution and migra-
tion pattern of ice-associated species like the walrus.

Satellite telemetry can provide insight into the seasonal range of the walrus, their migration
routes, their feeding areas as well as their relationship to the physical environment, including
water depth and ice conditions. During 2005–2008, we deployed satellite tags on a total of 23
walruses at their wintering grounds in Central West Greenland and on 8 walruses at their sum-
mering grounds on the coast of Southeast Baffin Island in 2007. The study was designed to col-
lect information on: 1) local movement and habitat choice by walruses in West Greenland to pro-
duce impact assessments related to oil exploration (Boertmann et al. 2009); 2) large-sale move-
ment and stock discreteness to determine sustainable harvest levels in West Greenland and
Nunavut in Canada (NAMMCO 2009); 3) walrus haul-out and diving activity to determine cor-
rection factors to be applied in aerial survey assessments in the West Greenland stock (Heide-
Jørgensen et al. 2014) and; 4) the seasonal range of the walrus, their migration routes, their feed-
ing areas as well as their relationship to the physical environment including water depth and ice
conditions. In this paper we present details on objective 2 and 4 based on information from 31
tagged walruses in the West Greenland and Southeast Baffin Island area during 2005–2008.
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MATERIAL AND METHODS

The tagging areas

During March–April 2005–2008, satellite transmitters were attached to walruses on Store Hellefiske
Banke, which extends from ca. 66.00° to 68.25° N and from 53.25° to 56.83° W; this area has
water depths ranging from 20 to 200 m. This bank is frequented by walruses during spring when
they feed primarily on bottom dwelling molluscs (Born et al. 1994). Additionally, in late
August–early September 2007 satellite transmitters were deployed on walruses that were hauled
out on land on Southeast Baffin Island between Cumberland Sound and Cape Dyer (c.a. 64.83°
to 66.75° N and from 61.00° to 63.66° W). Along this coast there is also a shelf with shallow
waters (<200 m).

Tagging of the walruses

During the tagging at Store Hellefiske Banke a 19.4 m (64 feet) 72 GRT (Gross register tonnage)
steel fishing vessel, Nanna L. (GR 08-062), with home port in Sisimiut, West Greenland, was
used for searching for walruses in the pack ice 40–80 nautical miles from the coast. In many
cases walruses were approached and tagged from this vessel. However, if the ice situation per-
mitted a 5.2 m (17 foot) fibreglass dinghy with a 6 or 30 Hp engine was used to approach the
walruses. During the tagging on Southeast Baffin Island, the Nanna L. was used as a base camp
for tagging operations conducted on land. An 8.5m (28 foot) aluminium boat with two 125 HP
motors was used to conduct the daily trips to and from the haul-out sites.

Instrumenting the walruses

Thirty one walruses were tagged in West Greenland in 2005 (N=3), 2006 (N=5), 2007 (N=6)
and 2008 (N=9) and in Canada during 2007 (N=8; Table 1). Four transmitter types were used.
Three types were implanted into the skin of unrestrained walruses (implant tag, the puck tag and
the matchbox tag), while the animals were either hauled out on pack ice or were swimming. The
fourth, which was used on Southeast Baffin Island, was mounted on the tusk of tranquilized ani-
mals (tusk tag).

Implant tag

Three walruses (2005) were equipped with implant tags (2.0 × 1.0 × 9.6 cm) similar to those
described in Jay et al. (2006; Fig. 1a). A modified airgun was used for the deployment follow-
ing the methods outlined in Heide-Jørgensen et al. (2001).

Puck tags

Ten walruses (2006: 5; 2007: 5) were equipped with puck tags (5.2 × 2.8 cm puck-shaped disc)
similar to those used by Jay et al. (2006; Fig. 1b). In Greenland they were mounted on the tip of
an arrow (carbon shaft balanced with an internal lead rod) and were delivered by use of a com-
pound crossbow (185lb PSE Wiper Mojave, Crossbows4u, UK). In Canada, they were delivered
using a traditional hunting harpoon on which the harpoon tip on the transmitter replaced the usual
harpoon tip.

Match box tag

These transmitters were rectangular epoxy cast transmitters (2.9 × 1.8 × 4.0 cm) of the SPOT-5
type (Wildlife Computers, Redmond, Washington, USA) mounted with a harpoon head/anchor
(Fig. 1c). They were deployed using a CO2-powered rifle (Model IM, DanInject, www.dan-
inject.com) equipped with a telescopic sight. The transmitters were attached to the skin of the
walruses using a 6.5 cm long harpoon head-like stainless steel anchor.

Tusk tag

These tags (10 cm long × 6 cm in diameter) were developed by SMRU (University of St Andrews,
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Scotland) and deployed as described by Lydersen et al. (2008; Fig. 1d, see further details in
Lydersen et al. 2008). The walruses were immobilized during the tagging operations on Southeast
Baffin Island using Ketamine and Medetomedine (Zolapine; Maddox et al.2007). The drugs were
delivered intramuscularly by a DAN-INJECT CO2 Injection Rifle, equipped with a telescopic
sight. All immobilized walruses were also fitted with orange Jumbo Roto Tags in each hind flip-
per.

The harpoon anchors of the three implant tag types were developed by Mikkels Vaerksted,
Vallekilde, Denmark (www.mikkelvillum.com). The primary “target” site was the medial back/tho-
rax region in order to obtain signals while animals were at sea, when the walruses surface to
breathe (Fig. 1c). During tagging the sex and the length of the tusks (estimated or measured from
gum line to tip along the frontal curvature) were noted. The tusk length was used for age classi-
fication (Table 1). 

Data collection and analysis

Data on movements and transmitter status were collected via the Argos Location Service Plus
system (Toulouse, France; Harris et al. 1990). All location fixes were used in the present study
after being filtered by a SAS-routine, Argos_Filter V7.02 (Douglas 2006). The filter settings for
this study were - maximum swim speed - 10 km/h (minrate=10) and all other settings were set
as by the defaults. The speed setting resulted in locations leading to swim speed > 10 km/h being
excluded. If however the distance between locations was less than 5 km (maxredun=5), they
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Fig. 1. Four types of transmitters used during the walrus tagging between 2005 and 2008 In

Greenland and Canadian waters. a) Implant tag from Wildlife computers, b) Puck tag from

Telonics, c) Matchbox tag from Wildlife Computers and d) Tusk tag from the Sea Mammal

Research Unit, University of St Andrews. Transmitters highlighted within red circles.
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Fig. 2. Tracklines from 31 walruses tagged with satellite-linked transmitters at Store

Hellefiske Banke in West Greenland (WG) during March–April 2005–2008 and at Southeast

Baffin Island (SEB) August-September 2007. Of these, 6 transmitters lasted long enough to

show the spring migration across northern Davis Strait to the Canadian summering grounds

of Southeast Baffin Island. One transmitter which was deployed in WG was re-sighted on SEB

after it had stopped transmitting. Additionally, three walruses crossed the mid-sector line

between Canada and Greenland during their spring movements but returned to WG where

transmissions stopped.
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were both retained, because the swim speed calculations may be unrealistic due to the respec-
tive inaccuracies of the close positions (for details see Sveegaard et al. 2011). 

The Argos Filter V7.02 was used to calculate the distances travelled and the migration speed.

Sea Ice Concentration Data

We used the Sea Ice Concentrations from Nimbus-7 SMMR and DMSP SSM/I-SSMIS Passive
Microwave Data from the National Snow and Ice Data Center (NSIDC) in Boulder, CO (Cavalieri
et al. 1996). This product is designed to provide a consistent time series of sea ice concentra-
tions (the fraction, or percentage, of ocean area covered by sea ice) spanning the coverage of
several passive microwave instruments. The data are provided on a polar stereographic grid with
a nominal cell size of 25 x 25 km. Temporal coverage is daily during the SSM/I era (1987–pre-
sent) and every other day during the SMMR era (1978–1987). The uncertainty in the sea ice con-
centration in each cell is about 5–10% during the cold seasons (fall, winter, spring) but larger in
summer when the surface contains melt water (Comiso and Parkinson 2008).

Statistical analyses

We wanted to examine the potential effects of sex, season and year on distribution. We therefore
applied a linear mixed effects model using maximum likelihood estimation with distribution
parameters (longitude, latitude, speed, depth, distance from land and from ice and ice coverage)
as dependent variables, individual as a random or grouping factor and the fixed factors sex, month
and year. Depth data was log-transformed prior to analyses to reduce skewness and a square root
and arc-sin transformation were used to convert ice percentage coverage to an approximately
normal distribution as recommended in Zar (1996). The model was successively reduced for
non-significant factors at a 5% significance level evaluated by the likelihood ratio test. The sta-
tistical analyses we performed with the software R (R Development Core Team, 2008). Differences
in tag longevity between transmitter types were analysed by an ANOVA followed by a Tukey
Kramer Post Hoc test. Differences in tag longevity between sex and tusk length between tag-
ging areas were examined using t-tests. One matchbox tag (#2008-57099) reported data for only
one day and was hence not included in the longevity calculations.

SAS V9.1.3 for windows was used to run the Argos Filter. Excel 97 (SR2), SAS Enterprise Guide
V4.2 and StatView V5.0.1 were used for statistical analysis and graph presentations. Maps were
generated using ArcMap V9.3. The bathymetrical depth contours are based on 1-degree resolu-
tion GEBCO data V1.00. Hawth’s Analysis Tools V3.27 was used as an extension to ArcMap to
generate track-lines, Kernel Home Range and area calculations. To avoid autocorrelation, only
one location was sub-sampled from each of the days selected for the duty cycle, for the Kernel
Home Range Analysis and for the linear mixed effect models described above. Statistical analy-
ses of habitat choice were performed with the software R (R Development Core Team 2008).

RESULTS

Duration of contact and tag type comparison

The transmission life of tags varied greatly among types, ranging from 7 to 128 days (Table 1).
Puck tags had the shortest average duration (average: 14 d; range: 4–24 d), significantly short-
er than the Tusk tags (average: 50 d; range: 15–69 d) and Matchbox tags (average: 44 d; range:
7–128 d), but they were not significantly different from the Implant tags (average: 36 d; range:
7–66 d; Table 1 and 2). Despite longer average duration of the Tusk tags these were not signif-
icantly different from the Matchbox or the Implant tags (Table 2). The longest lasting single tag
was a Matchbox tag that transmitted for 128 days. There were too few data to rigorously exam-
ine longevity of the individual tag types by sex and season. However, the remotely deployed tags
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Fig. 3. An adult

female walrus 

re-sighted 23 August

2007 in the narrow

strait north of

Kekertuk Island

(65.62° N/ 62.00° W),

Southeast Baffin

Island with a calf of

the year and a Puck

tag still attached on

its back (within red

circle) after 135 days.

The tag was deployed

on 10 April 2007

(#2007-17567), and

stopped transmitting

on 30 April 2007.

Fig. 4. Walrus male

#2007-60027 tagged

off South East Baffin

Island on 3 Sept.

2007 at 65.07° N,

63.24° W, Upper

photo, with flipper

tag (#41), which was

recovered from a

walrus shot in the

pack-ice of West

Greenland on 24 

of April 2009

(67.20° N, 55.20° W;

lower photo).
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(Implant, Matchbox and Puck tags) mounted during spring lasted significantly (P=0.0282; t-test)
longer on female walruses (average: 52 d; N=6) than on males (average 22 d; N=15).

Movements

Of the 23 transmitters deployed at Store Hellefiske Banke in spring (2005–2008), five lasted
long enough to document migration across the northern part of Davis Strait to the Canadian sum-
mering grounds of Southeast Baffin Island (Fig. 2; Table 1). A sixth animal (#2008-57101) left
West Greenland, but turned back on 9 May before reaching Southeast Baffin Island (at 67.49°
N; 62.57° W), after which the transmitter stopped six days later on 15 May back on Store Hellefiske
Banke (at 67.57° N; 55.13° W). An adult female walrus (#2007-17567) tagged on 10 April 2007
with a puck tag, which stopped transmitting on 30 April, was re-sighted on 23 August 2007 near
Kekertuk Island (65.62° N; 62.00° W) off Cumberland Peninsula (Fig. 3.) Another three 
walruses crossed the midline between Canada and Greenland during their spring movements.
None of the 8 tags deployed on walruses on Southeast Baffin Island in August–September 2007
lasted long enough to document potential emigration from the tagging area. However, a flipper
tag (#41) deployed on a male walrus (#2007-60027) on Southeast Baffin Island on 3 Sept 2007
at 65.07° N; 63.24° W was recorded on a shot animal in the pack-ice off West Greenland at 67.21°
N; 55.20° W on 24 April 2009 (Fig. 4). This observation documents migration of walruses from
Southeast Baffin Island to Central West Greenland and supports the results of a shared popula-
tion from the genetic studies of Andersen et al. (2014).

Within Greenland two male walruses (# 2006-56574 and 2007-56574) moved from Store Hellefiske
Banke northward up to Disko Banke, but as the tags only lasted 11 and 13 days respectively, it
was not possible to determine whether they stayed in this area, moved farther north, or returned.
Two other male walruses (# 2008-57100 and 2008-56572) passed Disko Island and went as far
north as the Upernavik area. Both subsequently turned southward on 23 May and one (#2008-
57100) continued from its farthest north point (67.21° N; 55.20° W) towards Southeast Baffin
Island (64.80° N; 64.11° W) where contact was lost 7 June 2008. The other walrus (#2008-56572
— a 3 year old calf accompanying its mother when tagged) returned from its farthest north 
position (73.26° N; 59.67° W) southward to a position northwest of Disko Island (70.25° 
N; 57.05° W) where contact was lost on 3 June 2008.

Most of the positions from walruses tracked to or along the Canadian coast were observed east
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Table 2. Comparison of the longevity of the four tag types deployed on 30 walruses (#2008-57099 left out)

instrumented with satellite-linked transmitters at Store Hellefiske Banke during March–April 2005 –2008

and at Southeast Baffin Island August–September 2007. Types that were not significantly different are

denoted by the same letter.

Tag duration (days)

Tukey-Kramer and Fisher PL

Tag Type Average StdDev Min Max N SD post Hoc comparisons

Puck Tag 13.9 7.0 4 24 10 B

Implant Tag 35.7 29.5 7 66 3 A,B

Match box 43.7 33.8 7 128 11 A

Tusk 50.2 21 15 69 6 A

Grand Total 34.3 27.9 7 128 30

* One transmitter (2008-57099) lasting only 1 day was left out (average with all Matchbox units: 40.2 days)
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Fig. 5. Tracklines and Kernel Home Range polygons from 31 walruses instrumented with

satellite-linked transmitters at Store Hellefiske Banke during March–April 2005–2008 and at

Southeast Baffin Island in August–September 2007.
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of Cumberland, Southeast Baffin Island. Two adult female walruses (# 2005-56573 and 2007-
56573) entered 60 to 80 km into Cumberland Sound along the northern coast in 2005 and 2007.
In 2005 the fjord was entered on the 10th of May by the female walrus, that had just crossed the
Davis Strait, and she remained in the fjord until 30 May, when contact was lost. The other female
visiting the fjord in 2007 likewise crossed the Davis Strait and entered the fjord on 18 May where
it stayed until 9 July, migrating north along Southeast Baffin Island. An adult male that ranged
farther from shore (up to 40 km) also spent time along the northern coast in 2007 using the fjord
from 7 September to 12 October when contact was lost. An adult male (# 2007-60027) tagged
in 2007 along Southeast Baffin Island crossed the Cumberland Sound southward twice and
explored the northeastern coast of Hall Peninsula from 8–13 September and from 28 September
to 11 October when contact was lost. The southernmost positions were obtained from an old
male (# 2007-08198) with worn tusks that moved all the way down to Frobisher Bay (62.47° N;
66.66° W) where contact was lost 9 September 2007. Areas of declining preference are indicat-
ed by the calculated 50, 75 and 95% kernel home ranges depicted in Fig. 5.

Timing of the westward migration

The initiation of the movement away from Store Hellefiske Banke toward Southeast Baffin Island
took place between 7 April and 25 May 2008 (N=4) indicating some variation in the timing of the
departure (at least 48 days difference) within the same year. This time span also encompassed the
single departures recorded in 2005 and 2007. In general the duration of traversing Davis Strait
lasted between 6 and 9 days with arrivals at East Baffin Island taking place between 15 April and
31 May (Table 3). The average daily travelling distances ranged between 36 and 55 km.

Comparisons of male and female distributions

When at Store Hellefiske Banke in March–April the average swimming speed of male walruses
(N=14) did not differ significantly from that of females (N=7), several of which were accompa-
nied by calves (Table 4). Furthermore, although the calculated average positions indicated that
males occurred farther offshore to the northwest over deeper water and deeper into the ice their
distribution did not differ significantly from that of females (Table 4, Fig. 6). However, males did
generally occupy significantly denser ice habitats (64% vs 52% ice cover, P=0.019, Table 4).

During the open water period (September–October) along East Baffin Island male and female
walrus had similar swimming speeds (P=0.589; Table 4). However, all four distribution param-
eters differed significantly between the two sexes. Male walruses were distributed farther west
and farther south than the females. In addition they were distributed in deeper water and ranged
farther from land than the females (Table 4, Fig. 6).
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Table 3. Calculated migration times and trip parameters for six instrumented walruses, which left West

Greenland and crossed Davis Strait and arrival in Southeast Baffin Island (SEB). Italics indicates a walrus

that returned to West Greenland after having reached the Canadian coast.

Tagging Tag ID Sex Estimated Date of Date of Traversal Migrated Average

year age (years) departure arrival SEB duration distance daily

WG (D/M/Y) (days) (km) distance (km)

2005 2005-56573 Female 14 29/4/2005 6/5/2005 7 309 44

2007 2007-56573 Female 10-12 9/4/2007 18/4/2007 9 496 55

2008 2008-56570 Female 13-14 27/4/2008 3/5/2008 6 308 51

2008-56573 Female 10 7/4/2008 15/4/2008 8 292 37

2008-57100 Male 5 25/5/2008 31/5/2008 6 326 54

2008-57101 Male 20+ 1/5/2008 9/5/2008 8 299 37

Average 7 338 46
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Fig. 6. Positions for the entire period and Kernel Home Range Polygons (75%) during spring

and autumn for 20 male and 11 female walruses instrumented with satellite-linked transmit-

ters at Store Hellefiske Banke during March–April 2005–2008 and at Southeast Baffin Island

August–September 2007.
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The 75% Kernel polygon for males during the spring period was 9542 km2, which was ca. 70%
larger than that of females (5623 km2, Fig. 6). Similarly the 75% Kernel polygon for males dur-
ing the autumn period was ca. 84% larger for males (5931 km2) than for females (3218 km2).
Both sexes were more dispersed in spring than in the autumn. Males used 1.6 times and females
1.7 times larger areas in spring than autumn.

Monthly differences in behaviour and distribution

During spring walruses in the Store Hellefiske Banke area were distributed significantly (P<0.001)
farther west, farther south, at greater depths, farther away from land, farther away from the ice
edge but in lighter ice conditions in March compared to April (Table 4). However, there was no
difference in swimming speed between these two months. During the autumn walruses along
Southeast Baffin Island also showed differences in distribution as the walruses in October were
farther east, farther south and over slightly greater depths compared to the September distribu-
tion (Table 4, Fig. 7). There was no difference in swimming speeds or distance from land.

Interannual differences in distribution in Central West Greenland

Significant differences (P<0.001) between years (2005–2008) were found for walrus distribu-
tion in Central West Greenland relative to longitude, bathymetry, distance to land and ice cover.
The walruses stayed farthest west in 2006 (57.35° W; 67.61° N) and had the largest average dis-
tance to land (121.9 km) and were present over the greatest average depths (442.1 m depth; Table
4; Fig. 8). In contrast, the walruses stayed furthest east in 2007 (55.42° W; 67.64° N) with the
shortest average distance to land (66.0 km) and over the shallowest depths (72.6 m; Table 4; Fig.
8). In 2007, the walruses were in the highest average ice density (72.8%) and in 2005 in the low-
est (32.1%; Table 4; Fig. 8). No inter-annual differences were detected for swimming speed or
distribution relative to latitude or the ice edge.

Walrus distribution relative to changing ice conditions

In order to understand the seasonal patterns of the west to east movement of the walruses, ice
data were extracted for all days of the four years the walruses were tracked at 67.5° N (Fig. 8).
In all four years the walruses were present east of the dense pack ice (average=23.5% concen-
tration; range of means: 0–81.6%) with the majority of observations distributed between 55.0°
and 56.5° W. Most of the later westward movement occurred in dense ice (>50% concentration)
on the western side of Davis Strait south of 67.5° N.

We calculated the daily mean sea ice concentration on Store Hellefiske Banke at depths less than
200 m for the years 1979 through 2010. Figure 9 shows the annual cycle of sea ice on the bank.
To investigate the timing of ice retreat in the spring, we selected a threshold of 20% concentra-
tion and calculated the date each spring, when the sea ice concentration fell below the thresh-
old. We found a trend of −7.6 days per decade (significant at 99%, p<0.01), indicating that sea
ice break-up is occurring one week earlier per decade on average, but with large inter-annual
variability (standard deviation 12.6 days per year). Since the walrus tracking data only spans the
period from 2005 to 2008, the number of years (and animals) is too limited to establish a rela-
tionship between the timing of westward migration and ice conditions, but the trend toward ear-
lier spring sea ice retreat may be a factor on decadal or longer time scales.

DISCUSSION

Duration of contact and tag type comparison

The average duration of the puck (14 d) and the implant (36 d) tags deployed in the pack ice in
West Greenland was comparable to the average longevities for walruses that were tracked in the
Bering Sea (20 and 22 days, respectively; Jay et al. 2006). The matchbox tags clearly have a sub-
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stantial potential for longer transmissions compared to the other remotely deployed tags as one tag
lasted as long as 128 days. Premature transmission stops in the matchbox transmitters is likely due
to tearing out of the skin or damage to the units (antenna breakage or electronic failures) as the
walruses move through the dense pack ice and haul out on ice during the spring. This conjecture
is supported by our observation that males inhabiting denser pack ice in spring had shorter tag lives
than females. The short-lived tags (down to 1 and 7 days) may have succumbed to either extreme
behavior of single individuals, less successful deployments in terms of tag placement and anchor
operation, or transmitter failure. Tusk tags deployed in this study in Southeast Baffin Island had
significantly shorter longevity (50 days) than similar tags deployed at Svalbard (278 days; Freitas
et al. 2009). It is uncertain to what extent the differences were caused by the haul-out and bottom
substrate (rock versus sand), the age of the tags after production when deployed (2.5 year vs 0.5
year), the attachment, the size of the tusks or other reasons. The walrus male (#2007-60027; flip-
per tag #41) that was tagged on Southeast Baffin Island in September 2007 and shot in the pack-
ice of West Greenland in April 2009 had lost its tusk tag and broken the right tusk on which the tag
had been mounted (Knud Lennert pers. comm.). Smaller tusks may be more likely to break. Tusks
in our study averaged 34 cm (range: 25–41 cm) in length, significantly smaller (t-test, P=0.003)
than the Svalbard animals’ tusks (mean: 43 cm, range: 34-53 cm; Freitas et al. 2009).

Tags of all types may last longer on female walruses than males because they occupy less dense
ice and generally have a less “vigorous” behavior (Table 4). The main part of the study was con-
ducted during the walrus mating season, which peaks between January and April (e.g. Fay 1982,
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Fig. 7. Water depths at the positions reported for 20 male (blue) and 11 female walruses (red)

relative to Julian Day and season. The walruses were instrumented with satellite-linked trans-

mitters at Store Hellefiske Banke during March–April 2005–2008 and at Southeast Baffin

Island in August–September 2007. Bars indicate spring and autumn definitions used in the

text.
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Sjare and Stirling 1996, Born 2001, 2003) when adult male walruses engage in ritualized dis-
plays in the water and sometimes engage in physical fights with competing males (Sjare and
Stirling 1996, Born pers. observation). During the tagging operations, we documented that the
general pattern was that male walruses occupied denser ice farther west of Store Hellefiske Banke
at greater depths, compared to females which were often accompanied by calves. Male walrus-
es were more active, travelling farther west, farther from land, and exploring larger regions.

Movements

In Central West Greenland, walruses winter at two near-shore foraging grounds: the southern
ground in the Sisimiut–Aasiat area and the northern one off the west coast of Disko
Island/Qeqertarsuaq. These two shallow areas, with suitable benthic food, are separated by the
entrance to Disko Bay where water depths exceed 200 m and where walruses are generally absent
(Born et al. 1994; Heide-Jørgensen et al. 2014). The present study documented a connection
between these two foraging grounds and that walruses from the Southeast Baffin Island–West
Greenland complex winter at both Store Hellefiske Banke and Disko Banke.

It has been suggested that walruses that occur in West Greenland south of Melville Bay (i.e. south
of ca. 75º N) belong to the “West Greenland stock”. However, based on distribution, timing of
migration and catches, walruses wintering along the western coast of Disko Island and farther
north may represent the southern extreme of the North Water sub-population, whereas those
occurring farther south belong to the West Greenland stock (cf. Born et al. 1995). Genetic stud-
ies indicate that walruses from Disko Island and farther north have only limited—and mainly
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Fig. 8. Longitudinal movements of individual walruses across the Davis Strait from 68.0º to

64.5º N relative to Julian Day (JDay) for spring deployments in 2005–2008 with longitudinal

100% ice coverage (white) and open water (blue) shown for 67.5º N.

 

 

           
              

           
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

 

 

       
          

       
    

 

  
  

  

 

 

       
          

       
    

 

 
  

 

 

       
          

       
    

 

 
 

  

 

 

       
          

       
    

 



male mediated—contact with the population of walruses at Store Hellefiske Banke and that in
Northwest Greenland, i.e. the northern Baffin Bay population (Andersen and Born 2000, Born
et al. 2001, Andersen et al. 2014). Samples for analyses are not available from the area between
Disko Island and Melville Bay and hence the genetic identity of walruses in this area has not
been determined.

In the present study two males moved north offshore from Store Hellefiske Banke to the Upernavik
area to between 72.00° and 73.45° N, although they both returned south and one migrated to
Southeast Baffin Island. Hence, the present study indicates that during spring at least some 
walruses from the Baffin Island–West Greenland complex temporarily occur north of Disko.
Annual variation in the amount of sea ice in eastern Baffin Bay may influence walrus 
movements along the West Greenland coast. Hence, due to low sample size no firm conclusion
can be reached from the present study concerning the demographic affinity of the walruses 
occurring along the coast between Disko Island and ca. 76° N (Heide-Jørgensen et al. 2014).
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Fig. 9. Sea ice concentration on Store Hellefiske Banke from 1979 to 2010 (top) and from

2004 to 2010 (bottom). The red vertical dotted lines indicate when the sea ice concentration

falls below 20% (black horizontal dashed line).

 

 

                  
                

    



A link between walruses in Central West Greenland and Baffin Island has been suggested pre-
viously (cf. Born et al. 1995 for a review). Scattered observations summarized by Born et al.
(1994, 1995) of walruses in the middle of Davis Strait from May to July suggested that walrus-
es cross Davis Strait from Greenland to southeastern Baffin Island. This connection between
West Greenland and Southeast Baffin Island was supported by genetic studies which suggest
that the two areas contain animals from a single population (Andersen and Born 2000, Andersen
et al. 2009,  Andersen et al. 2014). The present study demonstrated that the link is maintained
by movements in both directions by both adult males and females with calves.

Seasonal movement patterns have been shown for other walrus populations as well. Frietas et
al. (2009) documented quite set annual movement patterns for 17 male walruses around Svalbard.
During summer, walruses were most often found in coastal areas with a median distance to 
the coast of 4.6 km. During winter, most walruses performed long distance movements, reach-
ing areas up to 840 km from the tagging locations. Walruses performed offshore winter 
movements between early October and early February and returned between late February and
late June.

Comparison of male and female distributions

The partial segregation of the sexes is in accordance with walrus distribution in other regions
(e.g. Born et al. 1995, 1997). In Southeastern Baffin Island the segregation was most expressed.
Females were located farther to the north and had smaller home ranges. Adult females with calves
seemed to occur more frequently at sheltered inshore haul-out sites whereas the off-shore exposed
rocks facing deeper waters have a higher proportion of adult males (Pangnirtung HTA pers.
comm., Stewart et al. 2014). The general occurrence in West Greenland of males farther offshore
and in more dense ice than females and young has also been noted previously (Born et al. 1994).
Walruses exhibit a high degree of sexual dimorphism in body size; males (weight: 1114 kg; std.
length: 314 cm) are much larger than females (weight: 720 kg; std. length: 269 cm; e.g. Knutsen
and Born 1994). Hence, the slightly different and only partly overlapping local distribution of
the sexes at the relatively localized summering and wintering feeding (mating) grounds may rep-
resent an innate social mechanism to reduce competition for their sessile food. Furthermore, the
tendency of males to occur in areas with relatively deeper waters than females and young may
also reflect a greater diving capacity of the larger males. Male walruses off Svalbard often dive
to depth between 100 to 150 m (Freitas et al. 2009). Jay et al. (2010) reported differences in dis-
tribution patterns for the Pacific walrus of the northern Bering Sea. In this region most adult
females and young walruses use sea ice for hauling out throughout the year. In spring, they fol-
lowed the receding ice pack northward to summer in the Chukchi Sea. Unlike females, most
adult male walruses spend the summer months along the coast of the Bering Sea, using land
haul-outs to rest between foraging trips. In autumn, the females and young walruses in the Chukchi
Sea migrate with the developing sea ice southward into the Bering Sea, where in late autumn
and winter they are joined by the males that summered in this area (Jay et al. 2010).

Walrus distribution relative to ice conditions and feeding areas

The factors determining the timing of walrus migrations from West Greenland are unclear.
Although not documented in this study, walruses spend the winter both in West Greenland and
along Southeast Baffin Island (see Born et al. 1995, Stewart 2008, Andersen et al. 2014). Basic
requirements for walruses in wintering grounds are, apart from access to air, access to food and
mating partners (Sjare and Stirling 1996). The West Greenland banks are known to host walrus
food items such as the bivalves Mya truncata, Serripes groenlandicus, Hiatella arctica and
Macoma baltica (cf. Born et al. 1994, Born 2005). The present study and Born et al. (1994) both
indicate that the preferred percentage ice for walruses in West Greenland is 50-60% with some
variation according to sex, season and year. In the Svalbard–Franz Josef Land region some wal-
ruses winter in very dense pack ice (Freitas et al. 2009). Walruses are unable to break through
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ice that is thicker than about 20 cm (Fay 1982) but in both West Greenland and Southeast Baffin
Island shallow polynya and pack-ice areas with dynamic leads exist where walruses can 
overwinter. 

Our study showed that during spring periods from 2005–2008 walruses showed greater fidelity
to the geographic area on Store Hellefiske Banke than to the retreating eastern edge of the Davis
Strait pack ice. This indicates that the motivation for walruses to stay at the banks is access to
food rather than haul-out possibilities at the ice edge. Similarly, Jay et al. (2010) concluded that
local areas of activity were independent of ice drift in the Bering Sea in spring. 

The timing of the westward migration may be linked to the timing of West Greenland hunting
activity. The concentration of hunters on the coast at the walrus wintering areas is high and in
these areas hunting of walruses has always been of importance (Born et al. 1994, Born 2005,
Witting and Born 2005, Witting et al. 2014). The catch of walrus is still relatively large (NAMM-
CO 2005, 2009). We suggest that the mechanism triggering the migration of walruses from West
Greenland in spring is a combination of hunting activity (that to a large extent is governed by
the density of ice, where less ice means easier access to the game by boat) and the seasonal
decrease in sea ice itself, which gradually opens the migration route towards Southeast Baffin
Island. The number of years and the small sample size of animals providing data on the onset of
the westward migration is however too limited to provide conclusive data regarding a linkage
between migration onset and ice conditions. In addition the individual variation of the onset of
the westward migration within a single year may be substantial as the 2008 data from only four
animals varied by as much as 48 days. On decadal and longer time scales, a trend toward 
earlier spring sea ice retreat is expected that is likely to influence the timing of migration of this
walrus population.

ACKNOWLEDGEMENTS

This study was funded by the Greenland Minerals Management Department (2005, 2006), the
Institute of Bioscience, Aarhus University (2005, 2006, 2007), the Greenland Institute of Natural
Resources (2005–2008), the Canada’s Species at Risk Act (2007), the DFO and the Hunters and
Trappers Association (2007). Field studies in Canada were conducted under Section 52 of the
Fishery (General) Regulations, Licences to Fish for Scientific Purposes. We thank the skipper
of ms “Nanna L”, Knud Lennert (Sisimiut), and his crew for their skilled help during the field
work. Anders V. Jensen, Ole N. Kristensen, Steen Andersen and Mikkel V. Jensen, Ricky Kilabuk,
Jackie Kilabuk (Pangnirtung HTA), and Jonas Audlukiak (Qikiqtarjuaq ) are also thanked for
assisting in various ways in the tagging operation. Adrian U. Dietz provided assistance on some
of the graphics. The programming of the first generation implant tags and the puck tags was
coordinated with a parallel study in the Bering Sea conducted by Chad Jay and Anthony Higgins,
NMML. Software developed by David C. Douglas (Marine and Freshwater Ecology Branch,
USGS Alaska Science Center, Alaska, USA) was used for filtering locations.

NAMMCO Scientific Publications, Volume 9 71



REFERENCES

Andersen LW, Born EW, Doidge DW, Gjertz I, Wiig Ø and Waples RS (2009) Genetic signals
of historic and recent migration between sub-populations of Atlantic walrus (Odobenus
rosmarus rosmarus) west and east of Greenland. End. Spec. Res. 9(3):197–211. doi:
http://dx.doi.org/10.3354/esr00242 

Andersen LW and Born EW (2000) Indications of two genetically different sub-populations of
Atlantic walruses (Odobenus rosmarus rosmarus) in West and Northwest Greenland.
Can. J. Zool. 78(11):1999–2009. doi: http://dx.doi.org/10.1139/z00-118 

Andersen LW, Born EW, Stewart REA, Dietz R, Doidge DW and Lanthier C (2014) A genetic
comparison of West Greenland and Baffin Island (Canada) walruses: Management impli-
cations. NAMMCO Sci. Publ. 9:33–52 doi: http://dx.doi.org/10.7557/3.2610

Boertmann D, Olsen K and Nielsen RD (2009) Seabirds and marine mammals in Northeast
Greenland. Aerial surveys in spring and summer 2008. National Environmental Research
Institute, Aarhus University, Denmark. 50 pp. NERI Tech. Rep- no. 721.
http://www2.dmu.dk/Pub/FR721.pdf.

Born EW (2001) Reproduction in female Atlantic walruses (Odobenus rosmarus rosmarus) from
northwestern Greenland. J. Zool. (Lond.) 255(2):165–174. doi: http://dx.doi.org/
10.1017/S0952836901001236

Born EW (2003) Reproduction in male Atlantic walruses (Odobenus rosmarus rosmarus) from
the North Water (N Baffin Bay). Mar. Mamm. Sci. 19(4):819–831. doi: http://dx.doi.org/
10.1111/j.1748-7692.2003.tb01132.x

Born EW (2005) An assessment of the effects of hunting and climate on walruses in Greenland.
Greenland Institute of Natural Resources/University of Oslo. PhD thesis, ISBN 82-
7970-006-4, 346 pp.

Born EW, Dietz R, Heide-Jørgensen MP and Knutsen LØ (1997) Historical and present distri-
bution, abundance and exploitation of Atlantic walruses (Odobenus rosmarus rosmarus
L) in eastern Greenland. Medd. Grønland. BioSci. 46:1–70.

Born EW, Heide-Jørgensen MP and Davis RA (1994) The Atlantic walrus (Odobenus rosmarus
rosmarus) in West Greenland. Medd. Grønland. BioSci. 40:1–33.

Born EW, Gjertz I and Reeves RR (1995) Population assessment of Atlantic walrus (Odobenus
rosmarus rosmarus). Norsk Polarinst. Medd. 138, 100 pp.

Born EW, Andersen LW, Gjertz I and Wiig Ø (2001) A review of the genetic relationships of
Atlantic walruses (Odobenus rosmarus rosmarus) east and west of Greenland. Polar
Biol. 24(10):713–718. doi: http://dx.doi.org/10.1007/s003000100277 

Cavalieri D, Parkinson C, Gloersen P and Zwally HJ (1996) Sea Ice Concentrations from Nimbus-
7 SMMR and DMSP SSM/I-SSMIS Passive Microwave Data, 1979–2010. Boulder,
Colorado USA: National Snow and Ice Data Center. Digital media.

Comiso JC and Parkinson CL (2008) Arctic sea ice parameters from AMSR-E data using two
techniques and comparisons with sea ice from SSM/I, J. Geophys. Res. 113, (C02S05):
15pp doi: http://dx.doi.org/10.1029/2007JC004255 

Walrus of the North Atlantic72



COSEWIC (2006) Assessment and update status report on the Atlantic walrus (Odobenus ros-

marus rosmarus) in Canada. Committee on the status of endangered wildlife in Canada,
Ottawa, ix 65 pp. http://publications.gc.ca/collections/Collection/CW69-14-461-
2006E.pdf

Douglas D (2006) The Douglas Argos-Filter Algorithm, Version 7.03. US Geolog. Surv. Alaska
Science Center, Anchorage, Alaska. http://alaska.usgs.gov/science/biology/spatial/
pdfs/argosfilterv703_manual.pdf

Dunbar MJ (1956) The status of the Atlantic walrus Odobenus rosmarus (L.) in Canada. Int.
Union. Protect. Nature, Proc. 5th Meet., Copenhagen 1954:59–60

Fay FH (1982) Ecology and Biology of the Pacific walrus, Odobenus rosmarus divergens Illiger.
U.S. Department of the Interior Fish and Wildlife Service. NA Fauna 74, 279 pp.

Freitas C, Kovacs KM, Ims RA, Fedak, MA and Lydersen C (2009) Deep into the ice: over-
wintering and habitat selection in Atlantic walruses. Mar. Ecol. Prog. Ser. 375:247–261.
doi: http://dx.doi.org/10.3354/meps07725 

Harris RB, Fancy SG, Douglas DC, Garner GW, Amstrup, SC, McCabe TR and Pank LF (1990)
Tracking wildlife by satellite: Current systems and performance. United States Department
of the Interior, Fish and Wildlife Service, Fish Wildl. Tech. Rep. 30, 52 pp.

Heide-Jørgensen MP, Kleivane L, Øien N, Laidre KL and Jensen MV (2001) A new technique
for deploying satellite transmitters on baleen whales: Tracking a blue whale (Balaenoptera

musculus) in the North Atlantic. Mar Mamm. Sci. 17:949–954. doi: http://dx.doi.org
/10.1111/j.1748-7692.2001.tb01309.x 

Heide-Jørgensen MP, Laidre KL, Fossette S, Rasmussen M, Hansen RG (2014) Abundance and
trends in abundance of the Atlantic walrus (Odobenus rosmarus rosmarus) in Central
West Greenland. NAMMCO Sci. Publ. 9:159–172 doi: http://dx.doi.org/10.7557/3.2606 

Jay CV, Heide-Jørgensen MP, Fishbach AS, Jensen MV, Tessler DF and Jensen A.V. (2006)
Comparison of remotely deployed satellite radio transmitters on walruses. Mar. Mamm.

Sci. 22:226–236. doi: http://dx.doi.org/10.1111/j.1748-7692.2006.00018.x 

Jay CV, Udevitz MS, Kwok R, Fischbach AS and Douglas DC (2010) Divergent movements of
walrus and sea ice in the northern Bering Sea. Mar. Ecol. Prog. Ser. 407:293–302. doi:
http://dx.doi.org/10.3354/meps08575 

Knutsen LØ and Born EW (1994) Body growth in Atlantic walruses (Odobenus rosmarus 

rosmarus) from Greenland. J. Zool. (Lond.) 234(3):371–385 doi: http://dx.doi.org
/10.1111/j.1469-7998.1994.tb04854.x 

Lydersen C, Aars J and Kovacs KM (2008) Estimating the number of walruses in Svalbard from
aerial surveys and behavioural data from satellite telemetry. Arctic 61:119–128. URL:
http://www.jstor.org/stable/40513198

Maddox T, Priatna D, Gemita E and Salampessy A (2007) The conservation of tigers and other
wildlife in oil palm plantations. Jambi Province, Sumatra, Indonesia (October 2007).
ZSL Conservation Report No. 7. Zool. Soc. Lond,  62 pp.

NAMMCO Scientific Publications, Volume 9 73



Mosbech A, Boertmann D and Jespersen M (2007) Strategic Environmental Impact Assessment
of hydrocarbon activities in the Disko West area. NERI Tech. Rep. No. 618, 189 pp.
http://www.dmu.dk/en/news/artikel/strategic_environmental_impact_assessment_of_petr
oleum_activities_in_the_waters_west_of_disko_green

NAMMCO—North Atlantic Marine Mammal Commission (2006) NAMMCO Scientific
Committee Report of the Thirteenth Meeting, Reine, Norway, 25–27 October 2005.
NAMMCO/15/5. Fifteenth Meeting of the Council, 14–16 March 2006, Selfoss, Iceland.
http://www.nammco.no/webcronize/images/Nammco/766.pdf

NAMMCO (1995) Report of the ad hoc Working Group on Atlantic Walrus. In: North Atlantic
Marine Mammal Commission (NAMMCO), Annual Report 1995. Tromsø, Norway, pp
101–119. http://www.nammco.no/webcronize/images/Nammco/743.pdf

NAMMCO (2009) Report of the ad hoc Working Group on Atlantic Walrus. In: North Atlantic
Marine Mammal Commission (NAMMCO), Annual Report 2009. Tromsø, Norway, pp
101–119. http://www.nammco.no/webcronize/images/Nammco/940.pdf

NAMMCO (2006) NAMMCO Scientific committee working group on the stock status of wal-
ruses in the North Atlantic and adjacent seas, Pp. 279–308 in NAMMCO (North Atlantic
Marine Mammal Commission) Annual Report 2005: 380 pp.

R Development Core Team (2008) R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL
http://www.R-project.org

Sjare B and Stirling I (1996) The breeding behavior of Atlantic walruses, Odobenus rosmarus
rosmarus, in the Canadian High Arctic. Can. J. Zool. 74(5):897–911. doi:
http://dx.doi.org/10.1139/z96-103 

Stirling I and Parkinson CL (2006) Possible effects of climate warming on selected populations
of polar bears (Ursus maritimus) in the Canadian Arctic. Arctic 59:261–275. URL:
http://www.jstor.org/stable/40512813

Stewart REA (2008) Redefining walrus stocks in Canada. Arctic 61(3):292-398. URL:
http://www.jstor.org/stable/40513028

Stewart REA, Born EW, Dietz R and Ryan AK (2014) Estimates of minimum population size
for walrus around Southeast Baffin Island. NAMMCO Sci. Publ. 9:141–158 doi:
http://dx.doi.org/10.7557/3.2615 

Sveegaard S, Teilmann J, Tougaard J, Dietz R, Mouritsen K N, Desportes G and Siebert U (2011)
High-density areas for harbor porpoises (Phocoena phocoena) identified by satellite
tracking. Mar. Mamm. Sci. 27(1):230–246. doi: http://dx.doi.org/10.1111/j.1748-
7692.2010.00379.x 

Witting LW and Born EW (2005) An assessment of Greenland walrus populations. ICES J. Mar.
Sci. 62(2):266–284. doi: http://dx.doi.org/10.1016/j.icesjms.2004.11.001 

Witting LW and Born EW (2014) Population dynamics of walruses in Greenland. NAMMCO
Sci. Publ. 9:191–218  doi: http://dx.doi.org/10.7557/3.2612 

Zar JH (1996) Biostatistical Analysis. 3rd Edition. Englewood Cliffs, Prentice Hall, N.J., 662 pp.

Walrus of the North Atlantic74


