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as being offshore when they had left the continental
shelf areas (water depths of <200 m) for 20 out of 30 d.
This criterion was developed in order to allow for
some temporary crossing of the continental shelf area.
Using these criteria, 15 of the porpoises left the West
Greenland shelf areas on average 106 d (range: 2−
218 d, SD = 91) after deployment: 12 left between Oc-
tober and February, 2 left in July, and 1 left in August.
These 15 porpoises (60% females: 1 calf, 5 subadults,
and 3 adults, and 40% males: 3 subadults and 3
adults, see Lockyer et al. 2003b for age classification)
transmitted for an average of 394 d (range: 29−1047 d,
SD = 317) while they moved south or west into deeper
waters of Davis Strait, the Labrador Sea and the North
Atlantic (Fig. 1). However, none of the porpoises en-
tered the shelf areas of eastern Canada or Iceland. Of
the 15 animals that went offshore, 4 ended their trans-
missions before their winter/spring (January−June)
movement could be identified. Of the remaining 11
porpoises, 10 moved to offshore areas in the North
 Atlantic (defined as being south of 60° N, Fig. 1)

throughout winter/spring and went as far south as
45° N and as far west as 18° W, and ended their trans-
missions on average after 515 d (range: 227− 1047 d,
SD = 305). The 15 harbour porpoises that remained on
the West Greenland shelf areas ended their transmis-
sions in waters off Southwest Greenland or the north-
eastern part of the Labrador Sea on average after
106 d (range: 16−170 d, SD = 48).

The average water depth within the total range of
all porpoises tagged in West Greenland was 2936 m
(range: 8−4654 m, SD = 1007); however, the water
depth of the areas that the porpoises preferred varied
significantly between months (H11 = 355.04, p <
0.0001, Fig. 3A). Porpoises moved into areas with
deeper water depths in autumn/early winter (aver-
age of 2486 m in August−December, SD = 420)
 compared to winter/early spring (average of 599 m in
January−June, SD = 277, p < 0.0001).

Two female porpoises (instrumented with SPLASH
tags, Table 1) that moved offshore provided a daily
maximum dive depth for 104 and 150 d, respectively.
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Fig. 3. Preferred monthly average bathymetry for (A) 30 harbour porpoises from West Greenland and (B) for 71 porpoises from
the North Sea/Skagerrak. The central horizontal line in the boxes is the median and the lower and upper limits of the box are
the first and third quartiles, respectively. The upper and lower bounds of whiskers represent the 95% confidence interval, and
blue dots indicate the minimum and maximum bathymetry range for each month. Number of animals (n) and median water
depth (mdn) is given for each month. In (B), 2 outliers in January (841 m) and December (658 m) are indicated by asterisks
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They dived to a mean daily maximum depth of 252 m
(range: 114−410 m, SD = 66, Table 1) with a record deep
dive of 410 m. They dived significantly deeper (F11,253 =
12.191, p < 0.0001) in November, December, February
and March (p < 0.0001) and significantly deeper when
moving into offshore waters (p < 0.05).

Maximum dive depth from the Mk10 tags (n =
17) was obtained using the daily maximum depth
bin visited by the porpoise (Table 1). The median
dive depth of all 17 porpoises was 200 m (range:
50− 400 m). Three of the 17 porpoises moved off-
shore, and their maximum dive depth was signifi-

cantly shallower when they were offshore than
when they were at the shelf areas (150 and 200 m,
respectively, Mann-Whitney U = 632.5, p < 0.05,
2-tailed).

The average daily travel rate of all 30 porpoises
were significantly different among months (F11,2980 =
33.337, p < 0.0001), with higher mean travel rates in
March−June (36 km d−1, SD = 26.7, p < 0.0001) com-
pared to the remaining months (22 km d−1, SD =
21.06). The porpoises moved on average twice as fast
in June (53 km d−1, SD = 28) than in all other months
combined (25 km d−1, SD = 6.5).
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Fig. 4. Average sea ice extent and sea surface temperature (SST) in March in (A) 2013, (B) 2014, (C) 2015 and (D) 2016. Loca-
tions obtained from the tagged porpoises in March for these years are shown with dots for animals tagged in both West Green-

land and Denmark. The area of 0% sea ice (dark blue) covers the same area as sea ice temperatures <0°C (dark blue)



Nielsen et al.: Behavioural differences between porpoise populations

North Sea harbour porpoises

The 71 harbour porpoises instrumented with satel-
lite transmitters in Danish waters provided infor -
mation for an average of 126 d (range: 5−463 d, SD =
92, Table S1), while covering an MCP area of
588165 km2 (Fig. 1). They used most of the Kattegat,
Skagerrak and North Sea except for the southern
part, but the kernel home range (50%) was concen-
trated in the Skagerrak, around Skagen and on the
west coast of Denmark (55° N, Fig. 2). The kernel util-
isation range (95%) displayed their use of the North
Sea and the east coast of the United Kingdom. One

porpoise went north to 64° N and as far west as 3° W,
while 4 animals visited fjords in the southern part of
Norway (south of 63° N).

The average water depth within the total range
of the porpoises tagged in Denmark was 295 m
(range: 1−2188 m, SD = 397), and the tagged por-
poises showed a preference for areas with an aver-
age water depth of 84 m (range: 10−410 m, SD =
69). We found no significant differences in the
average bathymetric depths and months in the
areas used (F11,272 = 1.487, p = 0.136, Fig. 3B). The
average daily travel rate was significantly different
among months (F11,3292 = 2.478, p < 0.004) and low-
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Fig. 4. (continued)
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est in April (15 km d−1, SD = 13.1, p < 0.021) com-
pared to all other months (18 km d−1, SD = 16.0).
There were no significant differences (t5805, p =
0.051) in the proportion of months represented in
the tagging data from porpoises tagged in Denmark
and in West Greenland, thus the travel rates for the
2 areas were compared. When including all months,
harbour porpoises from West Greenland had a sig-
nificantly faster travel rate than porpoises from the
North Sea (25 vs. 18 km d−1, t5775, p < 0.0001).

Porpoise distribution in relation to sea ice and SST

The largest extension of sea ice coverage during
2013−2016 in West Greenland occurred in March in
all years (Fig. 4), and was used to analyse the dis-
tance between porpoises (n = 11) and the sea ice
edge. The mean distance from all porpoise positions
to the sea ice was 425 km (range: 10−1336 km, SD =
348), and the mean SST at all porpoise positions in
March was 3.3°C (range: 2.0−11.5°C, SD = 2.91). No
sea ice was present in March in the areas frequented
by the North Sea porpoises, and mean SST was 4.6°C
(range: 5.1−6.9°C, SD = 0.89).

Philopatry

Six of the 15 porpoises from West Greenland that
moved offshore (2 adult and 2 subadult females, and
1 adult and 1 subadult male) returned within 50 km
of their tagging position after a mean of 490 d after
tagging (range: 344−741, SD = 193). Five of these
returned the following  summer (July−August, after a
mean of 366 d after tagging), and 1 subadult male
porpoise returned to West Greenland in July 2016,
2 yr after deployment, after visiting the East Green-
land shelf during July 2015 in the first year after
instrumentation. Another offshore male porpoise
made extensive movements in the North Atlantic (as
far east as 22° W) before returning to West Greenland
737 d after tagging. This male left the tagging area
for a second time, in October, 81 d upon its latest
arrival. The remaining 9 porpoises did not return to
the tagging area, but ended their transmissions after
a mean of 211 d (range: 29−487, SD = 155). Seven of
the 9 porpoises ended their transmissions between
October and March (29−268 d after instrumentation).
One of the 9 porpoises (subadult male) arrived at the
East Greenland shelf areas in September 2015, 1 yr
after instrumentation, where it stayed until con tact
with the tag was lost in November 2015. The last of

the 9 porpoises commenced its return to West Green-
land at 50° N, but ended the transmissions ~300 km
before reaching the tagging area.

Six male porpoises (5 subadults and 1 adult) from
the North Sea returned within 50 km of their tagging
position in March (April−June), on average 372 d
after tagging (range: 300−461 d, SD = 59). The re -
maining 65 porpoises transmitted for a mean 42 d
(range: 1−215 d, SD = 35).

DISCUSSION

This study is the first to document harbour por-
poises leaving shelf areas to conduct large-scale
 wintering movements over deep waters in the North
Atlantic, where some moved as far east as 18° W
(more than 2000 km from the tagging area). The por-
poises tagged in West Greenland used an area 7.5
times larger than the area used by porpoises from the
North Sea. Both the scale of the movements and the
seasonal selection of offshore habitats are evidently
different from what is typical for tracked porpoises in
the North Sea or the Northwest Atlantic, which move
in more focal areas (Read & Westgate 1997, Johnston
et al. 2005). Due to their size and limited capacity for
energy storage, harbour porpoises are believed to
spend the majority of their time locating suitable
prey items; thus their movement is most likely a
direct consequence of the location of preferred prey
(Gannon et al. 1998, Sveegaard et al. 2015, Wisni -
ews ka et al. 2016, 2018). In winter, when the sea ice
covers the majority of the Davis Strait and parts of the
Labrador Sea, porpoises are forced to abandon the
shelf areas of West Greenland until spring, when the
winter sea ice retreats. This retrieval triggers a large
bloom of primary production that attracts high densi-
ties of phytoplankton-foraging fish and zooplankton
(Bluhm & Gradinger 2008) on which West Greenland
porpoises and other cetaceans forage.

This study has documented an impressive seasonal
movement of harbour porpoises from West Green-
land which has not previously been reported for por-
poises, although it has been suggested that the Gulf
of Maine/Bay of Fundy porpoise population has the
capacity to make extensive offshore winter move-
ments in order to follow their prey (Read & Gaskin
1985, Palka et al. 1996, Read et al. 1996). This might
also be true for other porpoise populations, and the
lack of documented offshore sightings of porpoises in
the North Atlantic may be due to lack of long-term
tracking studies and a seasonal mismatch in survey
coverage and porpoise distribution. Surveys for har-
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bour porpoises in the North Atlantic have always
been conducted during summer, at which time por-
poises are located in shelf waters as indicated by this
study (in particular in July and August, see Fig. 1);
thus there have been no observations of their winter
distribution. Satellite telemetry offers a unique possi-
bility for studying movements and behaviour of spe-
cies that are overlooked due to their cryptic nature,
such as harbour porpoises.

The porpoises tagged in Danish waters were
instrumented with satellite transmitters designed to
detach by using iron nuts that corrode with time
(Teilmann et al. 2007, Sveegaard et al. 2011). This
could potentially have caused the tags to detach
before the batteries were drained, consequently pro-
viding less information. In West Greenland, stainless
steel nuts were used to obtain data on inter-annual
movements. Some of the tags attached to porpoises in
West Greenland provided a record duration of 1047 d
and provided novel insight into porpoise movements
over several years, revealing their affiliation to the
shelves of Greenland.

The harbour porpoises from West Greenland that
transmitted during winter/spring moved into off-
shore areas with significantly greater water depths
than where they spend the summer/autumn. This is
in contrast to the North Sea porpoises, which showed
no seasonal selection of areas with specific water
depths (Fig. 3). This is probably due to general avail-
ability of ice-free shallow water depths in the North
Sea that allow the porpoises to forage on both pelagic
and benthic species, providing a larger prey base
with less need for extensive movements.

There are no records of harbour porpoises being
present in areas with sea ice formation, and their
small size and dorsal fin probably makes them vul-
nerable to ice; however, harbour porpoises in West
Greenland seem unaffected by negative SST and
were distributed as close as 10 km from the sea ice.
In general, the distance of porpoises to the sea ice
varied greatly in this study; some animals were dis-
tributed close to the edge of the sea ice but never
inside areas with ice, while  others moved away and
went south into the North Atlantic (Fig. 4). The
SSTs used by the porpoises from West Greenland
(−2 to 11.5°C) suggest a large tolerance towards a
wide range of SSTs rather than having a preferred
SST, which is in contrast to the study by Wingfield
et al. (2017).

Two female porpoises tagged in West Greenland
showed the capacity to perform deep dives (390 and
410 m, respectively) to nearly twice the maximum
depths previously reported for harbour porpoises

(Westgate et al. 1995, Teilmann et al. 2007). This sug-
gests that harbour porpoises from West Greenland
are specialised in using a different niche than other
harbour porpoise populations, and they probably rely
on mesopelagic prey resources. Little is known about
the mesopelagic community in offshore waters,
despite the large estimated fish biomass (St. John et
al. 2016), but it is likely that the harbour porpoises
from West Greenland target this zone during winter.
This is further supported by the binned maximum
dive depths (Mk10 tags) that indicate the potential
for harbour porpoises reaching the mesopelagic layer
at 200 m, and also by findings of vertically migrating
lanternfish in the stomachs of West Greenland por-
poises (Heywood 1996, Heide-Jørgensen et al. 2011).
In addtion, findings of several mesopelagic species in
the stomach of an immature male porpoise bycaught
in an offshore driftnet on the US east coast support
this hypothesis (Read et al. 1996).

Porpoises wintering in the North Atlantic and per-
haps also in West Greenland are likely adapted to
deal with larger spatial dispersal and more dynamic
behaviour of high-quality prey species, which
require more ex tensive movements compared to
Northeast Atlantic porpoises. This suggests that por-
poises from West Greenland in comparison to por-
poises from the North Sea are challenged by a more
geographically dispersed prey field, both vertically
and horizontally. This is supported by the higher
daily travel rate in porpoises from West Greenland in
the months when they are present in offshore waters
(Fig. 3A). The travel rate of porpoises from the North
Sea is within the range for porpoises located on shelf
areas in West Greenland, whereas the larger daily
travel rate covering larger areas for offshore por-
poises suggests that these porpoises are more chal-
lenged in their search for prey and therefore have a
larger daily search radius. The lower travel rate seen
in April for the North Sea porpoises probably reflects
less in tensive foraging in this period where the water
starts warming up and the animals need less energy,
or potentially caused by a seasonal shift in prey as
seen in other porpoise populations (Gannon et al.
1998, Víkingsson et al. 2003).

Porpoises in Greenland mate and give birth during
summer (Lockyer et al. 2003b), and site fidelity is an
important driver for the porpoises, as demonstrated
in our study. This is supported by a subadult male
porpoise (PTT ID 372281, Table 1) that spent the first
post-deployment summer (July) in East Greenland,
but returned to West Greenland for the second sum-
mer (July +1 yr), where it presumably became sexu-
ally mature (at ca. 127 cm according to Lockyer et al.

269



Mar Ecol Prog Ser 597: 259–272, 2018

2001). This is also reflected in the kernel density esti-
mations, where the 50% core area is at the shelves
off Greenland (Fig. 2). Offshore porpoises are all
moving in areas with deep waters in May and start
returning to West Greenland in June and July, and in
August, most porpoise positions are located in either
East or West Greenland (Fig. 1). This could also ex -
plain why the porpoises moved nearly twice as fast in
June compared to all other months as they returned
to West Greenland to reproduce. 

Fifty percent (n = 15) of the porpoises tagged in
West Greenland moved offshore after an average of
106 d; however, sex and length of the remaining 15
animals that stayed in the continental shelf area did
not indicate any segregation in behaviour that could
explain their avoidance of offshore areas. Rather, the
remaining porpoises probably did not transmit long
enough to document offshore movement, as seen for
the 8 tags with defective batteries that reduced the
longevity of the tag.

In order to identify the movement potential and site
fidelity to the summer feeding grounds of harbour
porpoises from West Greenland, the tag has to trans-
mit for at least 2 yr, as some animals did not return to
West Greenland until >700 d after deployment. How-
ever, this may be due to the animal being immature
during the second summer and therefore not needing
to return to West Greenland to reproduce until the
third summer.

This study demonstrates that the population of har-
bour porpoises in West Greenland disperses wider
than other harbour porpoise populations for which
movements have previously been studied. Harbour
porpoises from West Greenland are capable of in -
habiting deep oceanic waters of the North Atlantic
and perform deep dives. The tracking also indicates
that despite having wide-ranging dispersal capabil-
ity, harbour porpoises with transmitters lasting >1 yr
exhibited site fidelity to specific summer feeding
grounds, as also suggested by Read & Westgate (1997)
for harbour porpoises in Canadian waters, and seen
in porpoises from the North Sea (this study). Five of
the 6 porpoises that returned to West Greenland and
to the very same place where they were tagged,
were presumed to be sexually mature (PTT ID 21791
was 111 cm when tagged and could most likely not
have reached sexual maturity upon its return, 344 d
after deployment), which suggests that this area is an
important feeding, breeding and mating ground dur-
ing summer and fall.

Site fidelity to the summering area explains the
genetic and morphometric differentiation of the West
Greenland population from other harbour porpoise

populations in the North Atlantic (Andersen et al.
2001, Tolley et al. 2001, Huggenberger et al. 2002).
However, independent of the genetic differentiation,
the West Greenland porpoises also display ecological
specialisations compared to other studied harbour
porpoise populations (Fontaine et al. 2014) by dis-
playing a large prey diversity (Heide-Jørgensen et al.
2011) and different migratory and diving behaviour,
all characteristics suggesting that harbour porpoises
from West Greenland belong to a unique oceanic
ecotype.
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