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Abstract

This paper evaluates recent changes in narwhal (Monodon monoceros) catches in
Siorapaluk, the northernmost community in Greenland, in consideration of
the effects of changing climate and uncertainty of stock delineation. The catch
statistics show a significant increase in narwhal catches by hunters in Siora-
paluk after 2002, which does not appear to be a result of increased effort.
Hunters attribute the increase to changed sea-ice conditions providing access
by boat to Smith Sound as early as June and July. This indicates that climate
change is likely to have a considerable impact on narwhal hunting in northern
Greenland. Traditional ecological knowledge and scientific surveys suggest that
narwhal in Smith Sound constitute an independent stock. The absence of
scientific recommendations for this stock has been seen as an opportunity to
increase quotas in West Greenland. Scientific management recommendations
are urgently needed to allow the authorities to assign sustainable quotas for
this stock. The development of collaborative management agreements and
locally based monitoring are recommended to ensure local acceptance of
regulations, and to allow rapid responses to climate change.
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Three independent stocks of narwhal (Monodon monoceros)
are currently recognized in Greenland waters (Heide-
Jørgensen & Laidre 2006). The summer stock at Inglefield
Bredning, in Qaanaaq municipality, is considered to be
the same stock that is caught in autumn and winter in
Uummannaq municipality and the Disko Bay area (Heide-
Jørgensen et al. 2005), with individuals straying only
rarely as far south as Maniitsoq. This stock is referred to as
the West Greenland stock. The summer stock in Melville
Bay is caught by hunters from Upernavik municipality and
from Savisivik in Qaanaaq municipality. This stock spends
the winter in the central part of Baffin Bay (Dietz &
Heide-Jørgensen 1995). Narwhal in East Greenland are
genetically distinct from stocks in West Greenland (Pals-
bøll et al. 1997), and are considered to comprise one stock,
largely because of a lack of information (Nielsen, unpubl.
ms.). Surveys reveal that the narwhal summer stock in
Inglefield Bredning halved over the course of 20 years
(Heide-Jørgensen et al. 2002). The West Greenland winter
population has also been reduced, and the latest popula-
tion assessment predicts local extinction of this stock in less
than 30 years if current harvest levels continue (JCNB/
NAMMCO 2004). No reliable population estimates are
available for the Melville Bay stock.

Quotas were introduced by the Greenland Home Rule
Government through an executive order on protection
and hunting of beluga and narwhal in 2004. Manage-
ment advice is provided by the Canada–Greenland
Joint Commission on Conservation and Management of
Narwhal and Beluga (JCNB). The JCNB receives scientific
recommendations on harvest sustainability by a Joint
Working Group (JWG) comprising the JCNB Scientific
Working Group and a working group from the Scientific
Committee of the North Atlantic Marine Mammal Com-
mission (NAMMCO). The JWG recommends a maximum
catch of 135 narwhal from the West Greenland stock
(Witting 2005). However, uncertainty surrounds the
stock delineation of narwhal populations in Baffin Bay
and the northern strait between Greenland and Canada,
the so-called Smith Sound, which in the winter consti-
tutes part of the North Water Polynya (Heide-Jørgensen
et al. 2005). Unclear stock delineation and the lack of
reliable population estimates prevent the assignment of
population-specific quotas to the relevant Greenlandic
municipalities, where isolated communities depend on
narwhals as a source of nourishment and income
(Stevenson et al. 1997; Freeman et al. 1998). The
urgency to solve this problem increases as the Greenland
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Home Rule Government repeatedly exceeds quota allo-
cations proposed by its Department of Fisheries, Hunting
and Agriculture (DFFL). It is important to ensure that
information on sustainable harvest levels is available for
all stocks, so that the lack of information cannot be used
as an argument for increasing quotas that would other-
wise have been gradually reduced in accordance with
scientific advice.

The potential effects of climate change on narwhal
populations also remain uncertain. Generally, declining
Arctic sea-ice trends are expected as a result of climate
change (Symon et al. 2005; Solomon et al. 2007).
Remotely sensed sea-ice concentrations in the period
1979–2001, however, indicate a decreasing fraction of
open water and increasing interannual variability in
narwhal wintering grounds in central Baffin Bay (Laidre
& Heide-Jørgensen 2005). These wintering grounds are
critically important for narwhal energy intake and overall
fitness, suggesting that recent changes entail an increased
risk of ice entrapment and vulnerability (Laidre & Heide-
Jørgensen 2005). This result extends to Jones Sound
in the North Water Polynya for the month of March
(Heide-Jørgensen & Laidre 2004). However, as sea-ice
concentrations are primarily driven by wind and current
patterns as well as by temperature (Heide-Jørgensen et al.
2007), trends may vary according to local conditions, and
may result in less sea ice locally. The potential effects of
reduced sea-ice cover on marine mammal stocks include
nutritional stress resulting from the redistribution of prey,
changes in survivorship or fecundity, and altered migra-
tion routes or timing caused by changing ice patterns
(Simmonds & Isaac 2007). The effects on higher tropic
levels are, however, particularly difficult to investigate,
because they involve relationships that may be non-
trivial, non-linear and affected by time lags (Lusseau et al.
2004; Leaper et al. 2006). Furthermore, few studies have
considered the impact of changing hunter behaviour as a
result of climate change (but see Stirling & Parkinson
2006). The aim of this paper is therefore to evaluate the
recent changes in narwhal catches in Siorapaluk, in con-
sideration of the effects of changing climate as well as the
uncertainty of stock delineation.

Study area

Siorapaluk (77°47′N, 70°43′E) is the northernmost com-
munity in Greenland and the one nearest to Smith Sound
(Fig. 1). The community has a church, school, a general
store and electricity, but no running water. There are
approximately 60 inhabitants, of which 16 held an occu-
pational hunter’s license and seven held a part-time
hunter’s license in 2004. Almost all households depend
on hunting and fishing for subsistence and income.

Halibut, seal, narwhal, walrus, polar bear, reindeer,
muskoxen and various birds are caught. Sealskin and
halibut are produced for the national market, but only in
small quantities on account of limited local freezer capac-
ity, and because the products have to be transported to
Qaanaaq to be sold. Particularly valuable catches such as
narwhal, which may bring in the equivalent of approxi-
mately 5800 USD for an adult (Nygård & Topp-Jørgensen
2007), are also occasionally transported for marketing in
Qaanaaq. However, often narwhal is not traded because it
is considered to be of high cultural value, and important
for the upkeep of social relationships through traditional
sharing practices (Sejersen 2001). Hunting and fishing is
carried out exclusively using dog sledges on the sea ice
and from small dinghies. In accordance with Qaanaaq
municipality by-laws, narwhal are hunted with hand-
held harpoons with attached floats, and from kayaks,
which are transported to the hunting area by dinghies:
sometimes dinghies are dragged over long stretches of sea
ice. The actual kill is undertaken with a rifle once the
narwhal has been secured with several floats.

Methods

Siorapaluk was selected as the focal research community
as it had been identified as a location of a considerable
increase in narwhal catches. The evaluation is based on
quantitative and qualitative inquiry, including catch sta-
tistics, information on the number of hunters and focus
group discussions. The Siorapaluk catch statistics were
extracted from the national catch database, Piniarneq, for
the period 1993–2004. All hunters record catches per
month, and report their annual catch to the DFFL, which
maintains the database. Reported catches were verified
during meetings or subsequently by telephone. Prior to
2004, narwhal hunting was permitted for both occupa-
tional and part-time hunters. Information on the number
of active hunters in the period 1993–2004 was extracted
from the national hunting license register. Sufficiently
detailed and reliable data are not available for Siorapaluk
prior to the establishment of Piniarneq (see Heide-
Jørgensen 1994). Statistical tests were conducted with
SAS software. Correlations were tested with the Pearson
product-moment correlation coefficient. Significant
differences in the means were tested with the Mann–
Whitney U-test.

Semi-structured focus group discussions (Bryman
2004; Lloyd-Evans 2006) on narwhal hunting, hunting
methods and the impacts of climate change were con-
ducted in Greenlandic, with the aid of a local interpreter,
with 12 members from the local hunting organization,
KNAPK, and four members of the village board, on 30
November and 1 December 2006, respectively. All
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hunters in the community were invited for the discus-
sion, and as more than half of the hunters and the village
board participated in the discussion the results are con-
sidered to be representative for these groups. A meeting
was also conducted with four members of the board of

KNAPK in Qaanaaq on 3 December 2006. This approach
was selected so that information could be collected from
the primary stakeholders, including individual hunters,
local hunting organizations and local authorities. Semi-
structured focus group discussions were selected instead

Fig. 1 Map of (a) Greenland, with insets (b) and (c) of the study area.
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of more open-ended or structured methods, to ensure the
collection of the required information while retaining a
measure of flexibility (Bryman 2004; Lloyd-Evans 2006).
The key points raised were reviewed with the local inter-
preter immediately after the focus group discussions, and
after the completion of the fieldwork a summary report
was forwarded to the local KNAPK and the village board
for verification and validation, and to allow for the
consideration and inclusion of further comments. The
consensus results of the discussions are reported unless
otherwise stated. Names of participants and respondents
have been kept confidential to protect their privacy.

Results

The results (Fig. 2) illustrate a significant increase in
narwhal catches by hunters in Siorapaluk after 1998,
compared with previous data (U6.6 = 0; P < 0.05). No
significant correlation was found between the size of
the catch and the total number of hunters (r12 = 0.42,
P > 0.05), or the number of occupational hunters
(r12 = 0.49, P > 0.05), suggesting that the increased catch
is not a result of increased effort, assuming that hunting
technology and the narwhal distribution have remained
relatively stable throughout the period. These assump-
tions may not be valid, and will be considered in the
discussion.

Hunters in Siorapaluk attribute the increased catch to
the changing sea-ice conditions in Smith Sound. Previ-
ously, narwhal populations in Smith Sound were only
accessible by dog sledge on the sea ice, and, according to
the hunters, no one travelled there to hunt narwhal. One
hunter from Siorapaluk recalled traveling to Smith Sound
by dog sledge in May 1976 on a polar bear hunt, and
seeing large pods of narwhal. According to the hunters,
the formation of the ice is occurring later, the ice is
thinner, it breaks up earlier, and, since 1998, Smith
Sound can therefore be accessed by boat as early as June

or July. This is supported by a substantial change in the
distribution of the catch, with the bulk of the catch
caught in June and July after 1998 (Fig. 3).

A more detailed look at the catch statistics, breaking it
down into three periods, indicates a close connection
between the catch and the number of hunters in the
period 1993–98 (see Fig. 2), although no significant cor-
relation was found (r6 = 0.48, P > 0.05). The increasing
number of hunters from 1999 to 2001 may explain the
increasing catch in this period. However, from 2002
the number of hunters has remained stable, whereas the
catch has almost tripled. This suggests that that effect of
changing ice conditions on narwhal hunting, as empha-
sized by the hunters, cannot be disentangled from the
effects of increased effort, until 2002. From July 2004
quotas were introduced on narwhal hunting in West
Greenland. Unfortunately, remotely sensed sea-ice data
are not readily available at sufficient spatial and temporal
resolution for Smith Sound to enable correlation tests
with the catch from 1993 to 2004 (Laidre, pers. comm.).
Similarly, the air-temperature records available from
Qaannaq and the Carey Islands are of dubious utility in
this context, because of the distance from Smith Sound,
and because local sea-ice concentrations are determined
by wind and current patterns, as well as by temperature
(Heide-Jørgensen et al. 2007). Assessing the correlations
reported here with measures of climate change is thus
beyond the scope of this study. Documentation of similar
changes in sea-ice cover is, however, abundant from
other locations in the Arctic, and will be considered in the
discussion.

Hunters in Siorapaluk consider the narwhal in Smith
Sound to be a separate population that either migrates
between Canada (Ellesmere Island and Humbolt Brink)
and Greenland, or remains in Smith Sound all year
round. According to local knowledge, the winter popula-
tion is very variable. Narwhal hunting in Smith Sound
is primarily carried out by hunters from Siorapaluk,
but hunters from Qaanaaq and perhaps Moriusaq are
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increasingly targeting this area as well. This means that
the increase in the catch in Smith Sound may be higher
than Fig. 2 indicates. According to the KNAPK in
Qaanaaq, approximately three boats from Qaanaaq hunt
narwhal in Smith Sound, and annually return with
between one and three narwhal each. It was also
rumoured that unlicensed hunting is on the increase. The
window of opportunity is, however, decreasing: accord-
ing to the hunters, the break-up of the ice occurs earlier
and earlier, causing the narwhal to disperse and head to
the fjords.

Discussion and recommendations

The hunters’ observations of changes in sea ice corre-
spond to scientifically documented changes in sea-ice
cover, ice thickness, and dates of freeze and break-up in
the Arctic (Johannessen et al. 1999; Maslanik et al. 1999;
Parkinson et al. 1999; Rothrock et al. 1999; Copley 2000;
Rigor et al. 2002; Rothrock et al. 2003; Serreze et al.
2003; Comiso & Parkinson 2004; Fowler et al. 2004;
Gough, Cornwell et al. 2004, Gough, Gagon et al. 2004;
Gagon & Gough 2005; Lindsay & Zhang 2005; Rothrock
& Zhang 2005; Stroeve et al. 2005; Stirling & Parkinson
2006). They also correspond to changes observed by Inuit
in other parts of the Arctic (see review in Laidler 2006).
These changes are considered to be the result of anthro-
pogenic climate change (Solomon et al. 2007). The results
indicate that climate change is likely to have been making
a considerable impact on narwhal hunting in Smith
Sound since 2002, and potentially since 1999.

This conclusion is based on the assumption that
hunting technology and narwhal distribution and stock
size have remained stable. All vessels used by occupa-
tional hunters must be registered in the Greenland vessel
register managed by the Greenland Fisheries License
Office (GFLK). GFLK has, however, only received three
reports from Qaanaaq municipality. The reports mention
one vessel in 1992, two more in 1993 and another two in
1999, bringing the total to five dinghies in Siorapaluk, all
below 4 gross metric tonnes. The Danish Maritime
Authority registered one vessel in Siorapaluk in a survey
in 2000, and none in 2007. However, in the period
2000–02, about 13 600 USD was allotted to support the
purchase of three 19-foot/115-horsepower dinghies by
occupational hunters in Siorapaluk, from the Home Rule
Government’s fund for development of the hunting
sector. No information is available on vessels owned by
part-time hunters. Because of the incomplete informa-
tion about vessels in use, it cannot be ruled out that
improvement in technology has had an effect on narwhal
hunting by hunters from Siorapaluk. Based on the avail-
able information and observations of vessels, and the lack

of snowmobiles in Siorapaluk, it is, however, considered
unlikely that improved technology is the main reason
for the increase in catch from an average of two whales
per year from 1993 to 1998 (95%; CI [confidence
interval] � 0.05), to 30 whales per year from 1999 to
2004 (95%; CI � 0.37).

Aerial surveys conducted in June recorded narwhals in
Smith Sound at the same time as pods were observed at
Inglefield Bredning (Koski & David 1994). This indicates
that the Smith Sound pods belong to an independent
population, which also accords with local knowledge. In
combination with the reduction of narwhal stocks at
Inglefield Bredning (Heide-Jørgensen et al. 2002), prima-
rily attributed to unsustainable exploitation, this indicates
that the increased catch is not caused by a change in the
narwhal distribution. However, it cannot be excluded
that a potential increase in stock size has contributed to
the increased catch by hunters in Siorapaluk, although
this is unlikely given the general declining trend in
narwhal stocks in Greenland for the period (Born et al.
1994; Heide-Jørgensen et al. 2002; Heide-Jørgensen
& Acquarone 2002; Heide-Jørgensen 2004; JCNB/
NAMMCO 2004).

As no abundance estimates exist for Smith Sound, no
information is available on sustainable catch levels for
this stock. The optimal sustainable use of all Greenlan-
dic narwhal populations is imperative, in consideration
of the cultural and economic importance of narwhal
hunting (Sejersen 2001). With the introduction of
quotas from July 2004, catches have been reduced dras-
tically, and hunters struggle to find alternative income-
generating activities. Hunting is a central part of
Greenlandic culture and identity, and the Greenlandic
hunter’s organization, KNAPK, has strong political
support. The existence of a population of narwhal in
Smith Sound for which scientific recommendations are
lacking has been seen as an opportunity to increase
narwhal quotas in West Greenland. Coupled with the
effects of climate change, which appear to be accelerat-
ing and leading to changes in sea-ice cover earlier than
expected (Holland et al. 2006; Stroeve et al. 2007;
Serreze et al. 2007), this could have serious detrimental
implications for narwhal stocks.

The DFFL have been attempting to reduce quotas
gradually to the scientifically recommended sustainable
levels in order to give narwhal hunter’s time to adapt
and develop alternative income options. However, in the
quota year 2005–06, the Home Rule Government added
50 extra narwhal to the quota of 260 whales recom-
mended by the DFFL for West Greenland, a number that
already greatly exceeded the recommended harvest of
135 whales from the West Greenland stock (no recom-
mendation is available for the Melville Bay stock). In
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December 2006 an additional 100 animals were allotted
to the 2006–07 quota of 285 whales. In July 2007, an
initial quota of 300 whales was allocated for the quota
year 2007–08. The Home Rule Government simulta-
neously pledged in a press release to develop a plan to
reduce quotas to levels in accordance with scientific
advice by April 2008. However, the quota for the year
2008–09 was again set at 300 animals, and by December
2008 a plan had not yet been produced. Instead, 90
animals had been allocated in addition to the initial
quota. In a press release by the Home Rule Government
this was justified on the basis of the fact that the hunters
had applied for additional whales. On a more positive
note, a preliminary analysis of new data indicates a
higher abundance of narwhal than has previously been
assumed (NAMMCO 2008).

Scientific recommendations are urgently needed to
allow authorities to assign sustainable quotas for the
Smith Sound population of narwhals. To prevent
untimely interference by politicians in quota allocation,
and to ensure compliance and optimal adaptation to
local circumstances, collaborative management agree-
ments should be developed with local hunter
organizations. This could ensure local acceptance of regu-
lations, and thus prevent the inclination for politicians to
allot extra quotas to show their support for the hunters
and gain local popularity and votes.

Collaborative management could also include a jointly
developed monitoring strategy (Huntington 2000; Russel
et al. 2000; Harwood et al. 2002). This should, in addition
to scientific population counts, use the large and cost-
efficient data potential of systematically recorded
quantitative observations from the hunters (Kofinas et al.
2001; Moller et al. 2004; see also Danielsen et al. 2000),
who regularly traverse Smith Sound and other narwhal
areas. This would give hunters a valid basis for their
arguments in discussions on quota allocations, and could
provide biologists with an indirect measure of population
trends and other information in the periods between
scientific counts (Fernandez-Gimenez et al. 2006), and
would therefore permit rapid management responses to
changing circumstances, occurring as a result of climate
change for instance.

Although not unproblematic (Richard & Pike 1993;
Collings 1997; Kruse et al. 1998; Klein et al. 1999; Kaplan
& McCay 2004; Tyrrell 2007; Fernandez-Gimenez et al.
2008), co-management initiatives could ease a strained
relationship between biologists and hunters, who have
been in strong opposition since the introduction of quotas
in Greenland (Sejersen 2003). Recently, a collaboration
agreement was signed between KNAPK and the Green-
land Institute of Natural Resources. Hopefully this can
help ensure that the common goals of large viable popu-

lations, and compliance with international agreements
that Greenland has adopted, are achieved.
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