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Abstract

The interview survey conducted in Ilulissat, [limanaq, and Qasigiannguit in Greenland during March—April 2019 showed
that the local fishers are changing fishing strategies and adapting to a changing environment caused by climate change. The
main fjord of Ilulissat Icefjord is usually filled with icebergs year-round, making it impossible to navigate. Currently, there are
more ice clearing events in [lulissat Icefjord during the winter than previously. The traditional pattern of going fishing using
dogsled is changing and fishing from boats occurs, whenever the main fjord clears of ice. The poorer sea ice conditions in
the southern branch of the fjord system, combined with the fact that it is increasingly challenging to reach fishing sites, have
resulted in fishers from Qasigiannguit not going to the Icefjord as much as they used to. Ilulissat Icefjord is by any means
considered important fishing and hunting ground by locals, as both Greenland halibut and ringed seals are known to be of
larger size inside the fjord system, when compared to those caught in Disco Bay. The locals use Ilulissat Icefjord during a
limited period of the year, and the fjord is therefore said to be protected from overexploitation. They observe the immedi-
ate effects of climate change from changes in the ice conditions, a change in the fjord's accessibility, and the occurrence of
Atlantic cod, which were not present in the fjord system in such numbers before.
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Introduction Icefjords marine ecosystem has taken place. The dangers

of navigating among icebergs and the fact that the main

Ilulissat Icefjord (henceforth referred to as the ‘Icefjord’)
fed by the Sermeq Kujalleq glacier (henceforth referred
to as ‘the glacier’) represents an iconic picture of climate
change, with massive glacier fronts and iceberg discharge.
As the Arctic experiences changes and shifting climates,
more knowledge about the glacial fjord’s ecosystem and
how it is influenced by climate change is needed. The gla-
cier is among the most active in the Arctic, and due to the
high presence of icebergs in the fjord, little research of the
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fjord is closed off by icebergs much of the year have lim-
ited research vessels from accessing the fjord. The fjord
system is used as a fishing and hunting ground by locals
during winter and spring, when traveling with dogsled is
the main form of transportation across the fjord system.
These conditions make the use of local knowledge about
the fjord’s ecosystem a valuable resource, which comple-
ments the limited scientific knowledge about the marine
ecosystem of Ilulissat Icefjord. The use of local ecologi-
cal knowledge has potential for empirical observations,
pattern recognition, linking interrelations, and predicting
future outcomes (Rosendahl, 1961; Usher, 2000). The use
of local Greenlandic knowledge is thus valued. It is cus-
tomary for fishers/hunters in Greenland to start fishing/
hunting from an early age, usually following the path set
forth by their fathers and grandfathers. Therefore, they
maintain and practice firsthand knowledge and experiences
with seasonal, annual, and interannual changes and can
therefore sense the local impacts of climate change. Dur-
ing the winter, the Icefjord is used as a fishing and hunting
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ground by fishers and hunters from the surrounding settle-
ments. Their observations of environmental and ecological
changes and their knowledge about the living resources
can be used to describe the fjord’s ecosystem and docu-
ment seasonal changes and variations in a fjord system that
is otherwise difficult to access by research vessels.

The Icefjord has been an important hunting ground for
local Inuit hunters for many generations and remains so
today. Archeological excavations have shown that the area
was inhabited by Inuit as far back as 4000 years ago, where
their primary food sources were of marine origin (Meldgaard,
2004). Catch statistics from the area are also available from
1862, showing seasonal variation in the availability of dif-
ferent prey, indicating the seasonal movement of different
prey species (Rosendahl, 1961; Hamilton et al., 2000). The
statistics also show that these different prey species were
affected by changes in temperatures. Marine mammals and
fish moved northward during warmer periods and southward
during colder periods (Hamilton ez al., 2000; Rosendahl,
1961). Climate change could result in a shift in the eco-
system, as species usually found in more southern regions
could move further north, and thereby cause changes in the
local ecosystem, replacing species that used to dominate the
region.

The Arctic Council has made repeated calls for the
acknowledgment and, where possible, inclusion of local or
indigenous knowledge in environmental monitoring and bio-
diversity assessment where scientific knowledge is lacking
due to access issues (Thornton & Sheer, 2012; Meltofte, 2013;
Danielsen, 2014). Terms of usage such as traditional, eco-
logical, or indigenous knowledge have been confused over
the years. In this article, we use the term indigenous to best
capture the knowledge shared among Kalaallit Inuit hunters
and their families (see also Dahl & Tejsner, 2021). Indigenous
knowledge of the fjord ecosystem can be used to assess what
to expect in the future and how the fjord system may develop,
if climate change continues to impact the local marine eco-
system. Knowledge about these topics may address specific
conditions and fluctuations that can be used to better foresee
future activities and avoid overfishing or be used to assess
changing abundances of local species that are of social and
economic interest. Indigenous knowledge may complement
scientific knowledge in areas where cause-and-effect pro-
cesses or local dynamics governing ecosystems such as the
Icefjord remain incomplete (Danielsen et al., 2014). Indige-
nous knowledge also reveals adaptive strategies to a changing
environment, which may complement relevant interdiscipli-
nary research on social and natural resource dynamics and
stages of equilibrium (Tejsner & Veldhuis, 2018). This article
is based on the shared knowledge about the living resources
in Ilulissat Icefjord by local informants and their observations
of changing conditions and is therefore not a scientific assess-
ment of the living resources or the fishery policies.
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The Icefjord lies adjacent to Disco Bay, which has
been studied extensively by Greenland Institute of Natural
resources for decades. In contrast, Ilulissat Icefjord has not
been studied to the same extent due to the ice conditions
limiting activities from vessels. The Icefjord is known for
being unique by local people. For example, Greenland hali-
but, Reinhardtius hippoglossoides (henceforth, ‘halibut’),
and ringed seals, (Phoca hispida), are known to be larger
inside the Icefjord compared to those caught in Disco Bay.
The Icefjord is a valuable source for the local fishers/hunt-
ers. The current state of the halibut fisheries in Disco Bay
is becoming more unstable, visible in decreasing fish length
and lower fishing efficiency (Nygaard, 2019).

Physical Properties of llulissat Icefjord

The main fjord Kangia branches out to the north into Sikui-
uitsoq and to the south into Tasiussaq and has four marine-
terminating glaciers. The glacier in the main fjord, the Ser-
meq Kujalleq glacier, is the most active in the fjord system.
The glacier is among some of the most productive in the
Arctic regarding icebergs (Tang et al., 2004), which is also
why the main fjord is on the UNESCO world heritage list
(Weidick et al., 2004). The main fjord is the deepest part
of the fjord system, with a uniform depth of 750-800 m,
while the northern branch has a maximum depth of around
500 m and the southern branch with a maximum depth of
around 200 m (Stevens et al., 2016). The sill at the entrance
to the main fjord is 150-245 m deep (Gladish ef al., 2015),
while the sill at the entrance to Tasiussaq is only 70 m in
depth (Stevens et al., 2016). As the glacier is highly active
during spring and summer, human activities inside the fjord
system are limited to the winter and spring. An exception
to this is the activities in the southern branch during the
summer, in which residents from Ilimanaq travel into the
southern branch through the land, switching to boats inside
the fjord to fish for Arctic char (Salvelinus alpinus). At the
very southern part of the fjord system, an ice-dammed lake
called Tiningnilik is known to empty into Sargardleq on an
average interval of c. ten years (Furuya & Wabhr, 2005). The
lake level change is approximately 85 m during a draining
event and a water volume loss is around 2.3 km?.

Residents from Oqaatsut, llulissat, Ilimanaq, and Qasi-
giannguit have used the fjord system as a fishing and hunt-
ing ground. Ogaatsut has 30 inhabitants, llulissat 4.630, 1li-
manaq 53, and Qasigiannguit has 1.086 inhabitants (Fakta
om kommunen, 2020a, b October 22).

It is prohibited to use motorized vehicles on the sea ice
in the protected areas of Ilulissat Icefjord (Hjemmestyrets
bekendtggrelse nr 10 af 15. Juni 2007 om fredning af Ilulis-
sat Isfjord), which necessitates the use of dogsleds when
moving around in the Icefjord.
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Methods

The field campaign took place from the end of March to
the first half of April 2019 in llulissat, Ilimanaq, and Qasi-
giannguit. Ogaatsut was not included due to the lack of
information about any fishers/hunters from Ogaatsut that
currently go to the Icefjord (Oqaatsut is a settlement in
decline with only 30 current inhabitants). The study only
included fishers/hunters who use the Icefjord as a fishing/
hunting ground.

The interview survey aimed to document the informant’s
knowledge about the living resources in the Icefjord, and
to document their knowledge about changing conditions.
Therefore, we announced that the interview survey was
to complement scientific research by integrating indige-
nous hunters’ ecological knowledge about a fjord system
with limited scientific research. We announced the trip
on the national Greenlandic radio KNR, through KNAPK

(Kalaallit Nunaanni Aalisartut Piniartullu Kattuffiat—
organization of fishers and hunters in Greenland), post-
ers on bulletin boards, and posts on local Facebook pages.
Despite these announcements, the most effective way of
getting informants to participate was to meet them in the
streets and start a conversation. The interview survey was
also used qualitatively to document the collective knowl-
edge shared among the informants. For this reason, the
number of informants sharing the same observation/knowl-
edge was used to describe whether a piece of knowledge is
broadly accepted or only shared by a few informants. The
interviews were conducted with one informant at a time to
minimize the influence others could have on their answers
and prioritize their firsthand observations.

Despite the aim of interviewing one at a time, three of
the interviews were conducted in a hunting cabin on the
northern branch of the Icefjord at Augrartup sargd, in the
presence of other informants, which could have influenced

Fig. 1 Hunting cabin at Augtartup sarqd, with a view over the northern branch of the Icefjord, where three of the interviews were conducted

(Photo: Sascha Schigtt)
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the answers provided (Fig. 1. The hunting cabin). We con-
ducted fieldwork in the northern branch, visited the hunting
cabin, and took the opportunity to interview those who
were present, making it necessary to interview in the pres-
ence of others. At the beginning of each interview, we told
the informant that our research questions were designed to
record their perceptions and knowledge about the Icefjord.
We asked them to locate and draw out areas mentioned on a
pre-printed map (Fig. 2). The interviews were in Greenlan-
dic since both interviewers are native speakers (one excep-
tion was a resident danish fisher who had fished in the area
in the last two decades). Informants have been anonymized,
and names are therefore not used in this article. Each inter-
view lasted between 30—60 min. The questions were prede-
termined, but most were open-ended. The questions were
focused on the Icefjord regarding the location of fishing/
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hunting sites, seals, fish, changes to local weather and
ice conditions, changes in the occurrence of species, and
changes in their fishing/hunting activities. Two new topics
were added early during the survey, as it became clear that
the informants had noticed changes to the size of icebergs
and that the ice clearing events in the main fjord during
winter had become more frequent in recent years. Both of
the topics were not considered in the initial plan. It should
be noted that the informants distinguish between “in the
recent years” and “many years ago” (more than ~ 10 years
ago), as changes in the local conditions became clearer
about ten years ago. Therefore, they differentiate between
two periods where conditions that were considered normal
more than ten years ago are compared to new and changed
conditions in recent years. Annual dates are therefore not
used in the text.
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Fig.2 Map over Ilulissat Icefjord shows the different place names used (note; place names are written with old greenlandic spelling as maps

with renewed place names are currently unavailable). Sagamaps
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Table 1 Overview of numbers of interviews in each place visited

Town/Settlement Number of Interviews Interviewers
Ilulissat 17 Sascha/Bolethe
Ilimanaq 7 Sascha/Bolethe
Qasigiannguit 9 Sascha/Bolethe
Total 33

Results

The Informants

A total of 33 informants participated in the survey
(Table 1). All informants were male fishers/hunters who
use the Icefjord, either for hunting or fishing (Table 1). It is
customary in Greenland and the Inuit culture more widely
that men go hunting/fishing, and for that reason, we met
no female fishers/hunters in the visited settlements. Two
of the informants were retired fishers that used to go to the
Icefjord regularly, while four informants were recreational
hunters that only hunt seals in the fjord, while the rest of
the informants were subsistence-based fishers (Fig. 3; age
distribution). Their fishing activity in the Icefjord lasts
from October/November to April/May, when the snow and
ice conditions in the Icefjord are favorable (Fig. 4). During
the rest of the year, they fish on the west coast of Green-
land. Most of them go by dogsled on land and sea ice into
the fjord where they fish from the sea ice. Others fish from
boats, or small fishing vessels in the main fjord, where they
are restricted to the main fjord and limited by the extent of
the sea ice and the ice clearing events.

All informants had started fishing/hunting since child-
hood/puberty, taught by their fathers and grandfathers.

Fig.3 Ages ranged from 28 to
72 years old, with an average

age of 50, and consisted mainly 4
of subsistent fishers/hunters

(Four of the informants were

recreational hunters out of 33 3

informants)

Numbers
N

Therefore, many of them also tenured to fishing sites, which
their father/grandfather used as a regular fishing ground
before them, and therefore could sense changes over the
years. Informants from Ilulissat use the northern branch
and the main fjord, rarely reaching the southern branch of
the fjord system. In contrast, informants from /limanaq and
Qasigiannguit use the main fjord and the southern branch
and rarely reach the northern branch. When fishing from the
sea ice, they stay close to their respective side of the coast
in the main fjord (see Fig. 5), for security reasons, as the sea
ice can start to move or break up and staying closer to their
respective coast means better security.

Past and Present Ice Conditions

All informants shared the observation that the sea ice gener-
ally has become thinner (Table 2), and these types of obser-
vations often echo similar testimonies elsewhere among
Inuit in the Arctic (Berkes, 2000; Krupnik et al., 2010).
Three elder fishers recalled having to dig out holes in the sea
ice, as far down as a person could stand, during the 1970s
and 1980s, and often these local accounts can be compared
to similar observations made elsewhere in Disco Bay (see,
for example, Kielsen-Holm, 2010; Tejsner, 2019). The sea
ice used to be so thick that they had to carve out staircases
on the sea ice to be able to reach the bottom of the sea ice.
Nowadays, the sea ice rarely exceeds 1 m. Seventeen inform-
ants noted that the main fjord has started to clear out of
ice more often now during the winter and that this did not
happen to the same extent before. The sea ice in the main
fjord has, in recent years, started to break up and clear out
a couple of times during the winter with varying degrees
(Fig. 6). Therefore, fishers are now more cautious when fish-
ing from the sea ice in the main fjord, as the ice suddenly can

Ages of the informants
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Fig.4 Fishing activities for
each settlement. For the period
October—May, the fishing

activities are only concerning 25
Greenland halibut. In June and 42
July fishing focuses on Arctic g 20
char only, which concerns the §
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activities in the fjord start in = /_
October when sea ice formes, G 10
and it is possible to travel into b= /
the Icefjord Y 5

g

0
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e ||ulissat

move or break, and they have a higher risk of losing fish-
ing equipment or become trapped between ice floats. Two
informants witnessed an ice clearing event firsthand, which
they subsequently needed rescuing from, as they got trapped
on ice floats and started to drift outwards.

During January-April 2019, at least three ice clearing
events occurred in the main fjord, where the sea ice broke
up and left the fjord. Sea ice and icebergs drifted out of the
Icefjord and into Disco Bay, clearing a large area in the main
fjord of ice within days (interpreted from Sentinel-2 satel-
lite images), with the event shown in Fig. 6 being the most
robust. The fishers have easier access to information about
these ice clearing events now, by looking up ice maps at the
Danish Meteorological Institute’s webpage, on the Facebook
page of “Halibut Greenland”, which is a fish factory co-
owned by several fishers, where weather forecasts and ice
maps are shared, or through communication through VHF-
radios among fellow fishers. This network essentially acts
as a communication hub for relaying valuable observations
of ice and weather conditions and reports on the sighting of
animals in the vicinity of everyday travelers and hunting par-
ties. They, therefore, take the opportunity to sail in whenever
the main fjord clears of ice, instead of going in with dogsled
through land and sea ice.

Seventeen informants had different theories as to why
ice clearing events have become more common. Among
the observed changes were thinner sea ice, icebergs gen-
erally becoming smaller and therefore rarely grounding
at the sill, at the entrance to the main fjord, and a higher
presence of smaller icebergs that induce movements
in the sea ice, causing the sea ice to break up. Several
informants had thoughts that the combination of these
changes has resulted in more frequent ice clearing events.
One mentioned that the ice clearing events happen when
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huge waves from outside the fjord travel into the fjord and
induce break-up of the sea ice. Another had the hypothesis
that calving events at the glacier front could induce sea
ice break-up. Eleven of the informants said that the ice-
bergs generally have become smaller. The largest icebergs,
which the locals call Maniilag or Maniitsog—roughly
translated as a massive iceberg with several peaks—have
become less abundant today. These huge icebergs often
block the entrance to the Icefjord as they run aground at
the sill at the entrance to the main fjord, thereby slowing
the outflow of ice from the main fjord. As icebergs become
smaller, the chances of the icebergs grounding at the sill
become lesser, while the chances of the ice clearing out
of the fjord increase.

Fishing/hunting activities in the fjord usually start
with enough snow on land for the fishers/hunters to
travel on with dogsled or snowmobiles. Some informants
recalled going into the Icefjord through land earlier than
they do today, starting their fishing/hunting activities
in October. Nowadays, the ice and snow conditions are
more favorable and safe enough to travel during Novem-
ber. Because of these changes, human activities inside
the fjord system occur during a shorter season than ten
years ago.

Lake Tiningnilik

Seven informants said they noticed halibut disappear
from Tasiussag when the ice-dammed lake Tiningni-
lik empties into the southern fjord at Sargardleq. The
informants said that they could sense this by muddier
waters, in which two informants mentioned that they
could sense that the sea had freshened. One of them
had been in Lake Tiningnilik three times, where one



Human Ecology (2022) 50:167-181

173

\mﬂ“k

: 0
Nordre Hus:

asiussaq
SO

Hgdlors suatsiait

/lI\()/zS//ll \S/S

FJORD

Niagorng 4 -

Qiass0q (3 cits e
Akilia

= Kygmrs.nk?
Qiléngalike
P .‘4“

Jakobsholm
(Qegertasugssuk aluit
gfm eb v P o 7
Le 0, B tunuliag

Inugsdsssq s

Rypeholm
(Ogaitsuarssuit

CHRISTIANSHAB
(QASIGIANQUIT)

Qegertatsiait {1y

Fig.5 Shows the main routes and usual fishing ground for those
going with a dogsled, fishing for Greenland halibut. Routes are drawn
according to the information given by the informants. Ilulissat (Blue),
Tlimanaq (Green) and Qasigiannguit (orange). The fishing grounds for

was shortly after a draining event, where he could see
how much the water level had changed and observed the
muddy lake bottom revealed after the draining event.
Others reported some “worm-like organisms” in Tasius-
saq after a draining event and how a “transparent yellow-
ish slime” becomes more frequent following these events.
The informants have noticed that this slime affects their
fishing negatively, as the slime encloses their baits and
seems to prevent the halibut from taking the bait and
that they catch fewer halibut. During a field excursion
in summer 2019, colonial Phaeocystis were observed
in the northern branch of Ilulissat Icefjord by the first
author, which was also confirmed from an eDNA study
(Schigtt et al., unpublished). They were likely similar to
the organisms observed as a “slimy substance” by the
informants.

S
_...sf '”ﬁﬁﬁ“ “da

Tlimanaq and Qasigiannguit overlap in one of the areas (striped). The
darker and smaller blue area shows where the fishing activity in the
blue area is highest

Fishing Activities

All informants shared the observation that halibut in the
Icefjord generally are bigger than the ones they catch on
the west coast of Greenland. The halibut are bigger in the
main fjord compared to the northern and southern branch.
Four informants explained that the smaller halibut are less
abundant, the further in they go in the main fjord. The fish
community becomes less diverse and dominated by larger
halibut the closer they get to the glacier front in the main
fjord. The main fjord closes with icebergs during spring and
summer and opens to a variable extent when land-fast ice
forms during late autumn. The main fjord is inaccessible
for six months on average for human activities and only
becomes accessible from October/November until April/
May. An exception to this is the fishing activities for Arctic
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Table 2 Overview of the main observed features of Ilulissat Icefjord and observed environmental changes described by the informants

Main topics Comments

Ice conditions Sea ice forms later and melts earlier than before

The main fjord experiences ice clearing events more frequently now, where sea ice and icebergs leave the main fjord within

few days

The sea ice in Tasiussaq forms later and has become unpredictable and unsafe
Icebergs have generally become smaller, and therefore do not ground at the sill at the entrance to the main fjord as much as

before and leave the fjord much faster

Safety

The chances of being caught in an ice break up in the main fjord have increased, so fishers stay close to their respective coast

in the main fjord when fishing from the sea ice, to be able to reach the land faster, in case the sea ice starts to break up
Fishers from Qasigiannguit no longer go to the Icefjord as much as before due to unpredictable and unsafe sea ice conditions

in Tasiussaq

Accessibility

Fishers start to go into the Icefjord later than they used to, in which fishing activities now usually start during November,

which is later than compared to 10-20 years ago where activities usually started during October
Fishers from Ilulissat have started using snowmobile drivers to transport their catch to Ilulissat, enabling them to stay longer

inside the Icefjord to fish for more

Fishers from Qasigiannguit no longer go to the Icefjord as much as they used to. Fishers from Qasigiannguit also use the
Icefjord for a shorter period compared to fishers from Ilulissat and Ilimanaq, where they start to go to the Icefjord during

December

Fish Halibut are generally bigger in the main fjord and bigger than the ones in Disco Bay. The halibut are bigger the further in you
go in the main fjord, where smaller individuals also become less abundant and the fish community less diverse and domi-
nated by bigger halibuts the closer you get to the glacier front

Atlantic cod has become more abundant in the Icefjord, which has not been observed in the same extent before
Arctic char migrates into the southern branch during June-July to spawn

Seals
different

Ringed seals in the Icefjord are different from the ringed seals in Disco Bay and are generally bigger and appear visually

Ringed seals are hunted either with seal nets placed under the sea ice or with rifles whenever they are sighted on the sea ice
Harp seals are seasonal visitors and are present in the open water masses in the Icefjord and usually are not encountered in
areas covered by sea ice. Harp seals are mainly hunted with rifles when sighted on the sea ice edge or in open water

Lake Tiningnilik Furuya and Wahr (2005) documented that the ice-dammed lake drains into the southern branch with an approximated interval of
10 years. The informants have observed that the halibut disappear, while ‘worm-like organisms” and a “transparent yellowish
slimy substance" become more frequent following these events. These events negatively affect the fishing activities, as they
seem to prevent the halibut from taking the bait, while also becoming less abundant. The informants can tell when the lake has
emptied by observing more muddy waters and freshening of the water masses

char (Salvelinus alpinus) in the southern branch during
summer, by fishers from Ilimanagq, as they can access the
fiord by driving ATVs and using boats located in Tasius-
saq. Fishing for Arctic char only happens during June-July

7

29203-2019 |

Fig.6 Images from the open-access GIS hub “Sentinel hub”. Sentinel-2
satellite images of Ilulissat Icefjord, showing the sea ice breaking up in
the main fjord. Images from the period 30-03-2019 to 08—-04-2019 were

@ Springer

when the fish migrate into the fjord to spawn (Fig. 7 : fish-
ing spots for Arctic char). Fishers from Ilimanagq are in this
context privileged, as they are the only ones able to access
the fjord system during the summer. The fjord system is

06-04-2019

covered with clouds, and the image from 06-04-2019 was the clearest
one, were the ice edge shows. Within three days, a considerable part of
the main fjord was cleared of ice
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Fig. 7 Main route and locations of where fishers from Ilimanaq fish for Arctic char during June — July. Route and locations are given by inform-

ants from Ilimanaq

almost inaccessible from late spring to late autumn due to
the exposed rough and mountainous terrain. The exception
being scientists and tourists going into the fjord by chartered
helicopters.

Changing Environmental Conditions

Some informants had recently stopped going fishing with
dogsled over land and sea ice, and fish from boats instead.
The reason is that the sea ice in the main fjord has become
thinner and unpredictable. The fjord has become more
open and accessible from sea in recent years (Fig. 8).
The sea ice in Tasiussaq has started to form later and has
become unpredictable and unsafe to travel on, which is
an observation shared by informants from Ilimanaq and
Qasigiannguit. For this reason, fishers from Qasigiannguit
no longer go to the Icefjord as much as they used to. Five

informants from Qasigiannguit reported that they no longer
go fishing in the Icefjord in recent years because of the ice
conditions and instead fish in other places. We also met
fishers from Qasigiannguit who did not wish to participate
in the survey. They had not fished in the Icefjord for several
years since it has become difficult to reach the fishing sites
by dogsled.

Atlantic Cod

Nine informants mentioned having caught Atlantic cod
(Gadus morhua) in the Icefjord in recent years, which they
had never caught before, and observed that their num-
bers had increased steadily. Some were concerned that
the Atlantic cod would become more numerous inside
the Icefjord in the future. They thought that this could
negatively affect the halibut stock in the Icefjord and cause
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Fig.8 A Variable area in the main fjord where fishing and hunting
happens from boats during the winter. Area has been drawn accord-
ing to the information given by the informants. The size of this area
depends on the extent of the sea ice and it only happens during short

some changes in the local ecosystem as these two species
could be competing for the same resources.

Seals

The Icefjord is inhabited by a different type of ringed seals
(Phoca hispida) than the ones commonly found on the west
coast of Greenland. All informants described the ringed seals
from the Icefjord as being unique, bigger, and different from
the ringed seals they catch outside the Icefjord. Differences
mentioned were more prominent spots, darker snout, darker
meat, and stronger taste, but overall that these ringed seals
are bigger than the ringed seals on the west coast. Some
described their size as being closer to the size of an adult
harp seal, which the ringed seals from outside the fjord rarely
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periods where the fjord is open and with higher frequency in the
darker blue area. Sighted harp and ringed seals in the sea or at the sea
ice margin are also shot from boats in this area

reach. They distinguish the two ringed seals by calling them
different names: Kitaajagqat for the ringed seals from the
west coast—translated as the small ones from the west— and
Natsillaat for the ringed seals from the Icefjord—translated
as the big ringed seals. They usually can tell when the ringed
seals from the west coast have entered the fjord or when the
ringed seals from the Icefjord drift out with the outflowing
ice from the main fjord by morphologically assessing the
seal. Some say that they prefer to eat ringed seals from the
Icefjord: “Natsillaat ilittogqussarigakkit mamarineruakka”/
‘I have grown up eating ringed seals from the Icefjord and
prefer their taste’, while others prefer ringed seals from the
west coast, not liking the ringed seals from the Icefjord: “Nat-
sillaat tiggannittuuput, uanga mamarisarinngilakka”/ ‘The
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Fig.9 Shows the main areas where seals are caught. The blue area shows the main area for harp seal hunt within open water, while the orange
areas are where ringed seals are hunted from dogsled on sea ice—drawn according to the information given by the informants

ringed seals from the Icefjord have a strong odor, and I do
not like the taste.’

The area around Sarfaa, at the entrance to Tasiussagq, has
an open water polynya during the winter due to the high
currents around the shallow sill. The sea ice close to the
polynya is generally dangerous, as the ice is thin. Inform-
ants from Ilimanaqg were the only ones noticing a change in
the abundance of the ringed seals, as four informants from
llimanagq said that the ringed seals used to be more abundant
in Tasiussaq. These informants also had to change the loca-
tions where they place their nets to catch ringed seals, as
their usual hunting places now have bad sea ice conditions
and are unsafe to travel on. The informants from llulissat
and Qasigiannguit did not report changes to the abundance
of the ringed seals in the Icefjord.

Other seal species seen inside the fjord system are mainly
harp seals (Phoca groenlandica) that come inside the main

fjord and around the open water polynya at Sarfaa, at the
entrance to the southern branch, when the sea ice retreats or
breaks up. The harp seals are usually only present in open
water masses and usually are not encountered in areas covered
by fjord ice. The harp seals that occasionally pay a visit to areas
with no sea ice are seasonal visitors visiting the fjord to pursue
shoals of capelin (Mallotus villosus) (Fig. 9; main areas where
harp seals and ringed seals are caught). These differences in
the distribution of ringed seals and harp seals influences where
they are caught, as ringed seals mainly are caught in areas with
sea ice, while harp seals are caught in open water.

The Fjord's Accessibility

The locals describe the fjord as being protected by nature,
as it becomes impossible to access the fjord from late spring
to late fall, when the main fjord closes off with icebergs,
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where it becomes impossible to sail in, or when poor snow
conditions on land make it difficult to reach the fjord by land
using dogsled. Residents from llulissat stop their activities
in the northern branch when poor snow conditions on land
prevent them from traveling into the fjord, usually around
April/May. Four informants described the ecosystem in the
fjord system as protected from overexploitation because of
the limited time they can access the fjord system. As put by
an informant: “Kangia imminut paarivoq”/ ‘the Icefjord is
self-protected.’

The fishers from Ilulissat have now started using snow-
mobiles to transport their halibut catch to Ilulissat through
the land (some hire snowmobile drivers to transport their
catch for them). Therefore, the fishers can stay inside the
fjord for a longer period, to fish for halibut, and are therefore
not bound to have to transport their catch by themselves.

The fjord system is accessible during a shorter period
now, compared to more than ten years ago, as fishing activi-
ties used to last longer, starting in October and ending in
May. Today this only happens during extra cold winters,
which are becoming rare. Two informants from llulissat
recalled staying in the northern branch until May in 2018
and later regretting this, as it had become difficult to go back
to llulissat due to warmer weather. A specific sloped area
on land, close to the hunting cabins in the northern branch,
becomes difficult to move on as snow and mud start to slide
off when the weather becomes warm. One said: “Anersa
kangia maj-imi najoqqillugu: Pisariuallaagaaq”/ ‘1 will
never be in Kangia during May again: It is too challenging.’

Discussion

The main change that have occurred in the Icefjord, accord-
ing to the informants, is the measurable decrease in sea ice
thickness and that ice clearing events happen more often
now during the winter in the main fjord. The ice clearing
events are new, as the main fjord used to be blocked with
icebergs year-round and only accessible when land-fast ice
was formed. Now fishers can sail instead of going over land
and sea ice. Traveling into the fjord with dogsled had been
the traditional way of fishing/hunting for many centuries.
However, as the main fjord opens more frequently during
winter, more fishers will take advantage of this by going
with boats instead of dogsled. The use of satellite images to
check ice cover has already become more frequently used
among fishers and has made it easier for the fishers to follow
the ice clearing events in the main fjord. The more frequent
ice clearing events become in the future, the easier it will be
for fishers going with boats or fishing vessels to go into the
main fjord. Traveling with dogsled would, on the other hand,
become less frequent, as it would be less safe to travel on the
sea ice, which to some extent it already is.
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In the context of these observed changes, it is important
to monitor the marine ecosystem in the fjord, to see how cur-
rent changes are influencing species diversity of the fjord’s
ecosystem, and how the size and abundance of, for exam-
ple, halibut will be affected, as overfishing might become a
relevant issue in the future. This is highly relevant as 27 of
the informants are subsistence-based fishers who are highly
dependent on their fisheries. Any potential increase in their
fisheries will ultimately influence the halibut population in
the Icefjord. The halibut in Disco Bay has already shown
signs of overfishing as decreasing mean length and lower
fishing efficiency of halibut has been documented (Nygaard,
2019), which could also happen in the Icefjord. Therefore,
it is also relevant to ask which factors affect the halibut
stock most, e.g., whether it is 1) pressure from the fisher-
ies, 2) changing ocean temperatures, 3) changing sea ice
conditions, 4) higher presence of harp seals, or Atlantic cod
inside the Icefjord, or 5) the results of changing plankton
communities. Changes in the plankton community also need
to be considered as changing sea ice conditions can initiate
cascading events in the food web (Fossheim et al., 2015;
Kortsch et al., 2012, 2015; Mueter et al., 2020). Sea ice
algae need stable sea ice (Leu et al., 2011, 2015), otherwise
their abundance will be affected by changing sea ice condi-
tions. This, in turn, can affect communities of copepods,
whereby boreal species will replace arctic species (Mgller
& Nielsen, 2019). This, in turn, affects the polar cod, as they
have been shown to depend highly on the Arctic copepod
Calanus glacialis (Bouchard & Fortier, 2020). Moreover,
as polar cod plays a crucial role in Arctic food webs (Hop &
Gjgseater, 2013; Mueter et al., 2020), a change in their abun-
dance will potentially affect the abundance of other species
higher up in the food chain (Bouchard et al., 2017; Bouchard
et al., 2020; Hop & Gjgsaeter, 2013; Mueter ef al., 2020). On
the other hand, thinner sea ice conditions, more open water
and increased freshwater discharge from below glaciers lead-
ing to an increase in nutrient transport from deeper waters
to the fjord surface may enhance phytoplankton production
in the upper stratified water column, that is often nutrient
limited during summer as seen in other fjord systems (Meire
et al., 2017). This may potentially influence the population
of halibut, or the ringed seals that also reside in the Icef-
jord, through a change in the structure of the food web. The
halibut population will most likely also be influenced by a
higher presence of Atlantic cod, which some locals have
concerns about, as the species has become more numerous
in recent years. The Atlantic cod is most abundant in shal-
low water but can reside in depths of 600 m (unpublished
data, Greenland Institute of Natural Resources). Halibut
make daily vertical migrations in the water column occupy-
ing depths of 200-800 m in Ilulissat Icefjord (Boje et al.,
2014). These two species can therefore potentially exploit
similar depths and hence similar prey in the Icefjord. A
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higher presence of Atlantic cod may lead to an interspecific
competition between Atlantic cod and halibut for the same
resources and as a result of this affect the halibut stock in
the Icefjord negatively. Nine informants that began catching
Atlantic cod inside the Icefjord reported never having done
so in the past, which indicates that changing conditions in
the fjords water masses have occurred, as the Atlantic cod
migrates further north with increasing ocean temperatures
(Drinkwater, 2005). The halibut in the Icefjord has been
sovereign in being the primary species caught. However,
climate change and a higher presence of Atlantic cod could
affect their dominance in the fjord's ecosystem.

Another important change in the food web would be a
higher presence of harp seals, resulting in higher interspecific
competition with ringed seals, as these two species have been
shown to have a significant niche overlap in the Barents Sea
(Wathne et al., 2000), which could be similar in the Icefjord.
The informants have observed that harp seals are more abun-
dant when a larger area in the Icefjord is ice-free, as harp
seals usually migrate in areas with open water (Folkow et
al., 2004). Therefore, a higher rate of ice clearing events may
lead to a higher presence of harp seals, as they would find
a larger open water area, allowing them to exploit the same
prey as resident ringed seals. Therefore, future changes to the
ford’s ecosystem could be that ringed seals that are unique
to the Icefjord may become less abundant due to competition
with harp seals for resources. In addition, less suitable breed-
ing habitats with stable sea ice will have a negative effect on
their pup survival rate (Ferguson et al., 2005) and conse-
quently their population size. The ice-dammed lake Tining-
nilik, which back in 2005 was shown to drain, on an aver-
age every 10 years (Furuya & Wahr, 2005), may experience
more frequent draining episodes if the melt rate of the ice cap
were to increase due to climate warming, and thereby have
a crucial impact on the ecosystem in the southern branch
as noted by the locals. The informants mentioned that they
observed, “worm-like organisms” and a “slimy substance”
in relation to the draining event. This being the result of
subglacial discharge causing an upwelling of nutrients and
organisms from the sediment to the surface. This upwelling
of nutrients from the sediments may potentially stimulate an
algal bloom of colonial Phaeocystis that creates a gelatinous
structure that is odorous (Schoemann et al., 2005). This may
explain what the informants described as a slimy substance
that negatively affects their fishing activities. The worm-like
organisms could be benthic polychaeta or amphipods brought
up from the sediment by the upwelling currents caused by the
draining event. Such an event would also result in changes
in temperature and salinity conditions in the water masses,
killing or displacing fish (such as halibut) that reside near
the ice-dammed lake in the southern branch as observed by
the locals. This agrees with observations from the Godthab-
sfjord system further south where large amounts of relatively

warm and saline intermediate water were brought to the near-
surface layers by entrainment processes near the glacier front
influencing the hydrography of the fjord but also impacting
the ecosystem through upwelling of nutrient-rich intermedi-
ate water (Kjeldsen et al., 2014; Meire et al., 2017).

Conclusion

Ongoing climate change may lead to fundamental changes
both to the marine ecosystem in the Icefjord, but also to
the strategies used by local fishers, in which a change from
traditional fishing using sledge dogs for transportation to
and from the fishing grounds moves toward more modern
methods in which fishing from boats or vessels becomes
dominant. The fishers would be able to travel in and out of
the main fjord much faster, and therefore the possibility of a
more effective halibut fishery is possible. The halibut fisher-
ies in the Icefjord have been viewed as being protected from
overexploitation due to the limited time the fishers can fish
inside the main fjord. However, as the main fjord becomes
more accessible, a higher fishing efficiency may develop,
which can negatively affect the halibut population inside the
fjord system. This study also highlights the potential role of
climate change on the marine ecosystem in the Icefjord, as
changes in the sea ice conditions and warmer waters may
bring other species into the Icefjord, initiating cascading
effects on the local ecosystem, potentially affecting species
higher up in the food chain.

The results of the interview survey also emphasize the
value of including indigenous knowledge in research, as
their observations and how they have adapted to a changing
environment can be combined with science in describing an
ecosystem that is otherwise difficult to access and be used
to foresee what to expect in the future. Ilulissat Icefjord can
potentially be accessed by research vessels in the future, as
the ice clearing events present a new opportunity to sail in to
conduct surveys, but as these events happen spontaneously,
planning is a big challenge for this reason, and thus local
knowledge is a valuable resource.
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