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LIVING WITH UNPREDICTABILITY.
IT’S COMPLICATED...
Norwegian environmental management is expected to
be knowledge-based. That means the agencies tasked
with management need to understand the current
state of the environment, factors that drive or influence natural processes, and possible ways to shape
developments.
It is sometimes argued that the High North is a simple
system, easier to understand than a species-rich rain
forest ecosystem or a densely populated area perturbed by human activities. Research carried out at
the Fram Centre shows that this is a misconception:
high-latitude systems are not simple at all.
Many of the studies presented in this issue of Fram Forum expose contradictions, uncertainties and difficulties that must be resolved along the way to knowledge.
The article about the Atlantification of an Arctic fjord
(p 18) likens documentation of climate-related changes
in a marine ecosystem to detective work. After years
of painstaking “sleuthing” the researchers can discern
some trends, but still can’t definitively predict which
species will be the ecosystem’s winners and losers.
Even members of a single species can be affected
differently by climate change. Forty years of monitoring of Svalbard reindeer (p 92) show that warmer
summers and milder winters may be detrimental to
reindeer living on sparsely vegetated Brøggerhalvøya,
but advantageous to those living on the lusher tundra
in Adventdalen, just 125 km away.
Several influential research organisations have recently released alarming reports showing that climate
change will continue relentlessly, with unpredictable
effects. The reports make it clear that time is short.
We must take action immediately. But climate change
is far beyond the reach of knowledge-based Norwegian management in isolation: tackling this problem
requires international cooperation.

Policy-making is a crucial step in taking action, but
the road to international environmental policy can
be long and bumpy. The Minamata Convention on
Mercury was decades in the works (p 32), even though
mercury’s toxicity was acknowledged, its sources
few, and the threats it posed both global and dire.
The most important greenhouse gases are not toxic
at their current atmospheric concentrations. They
originate from countless sources and they spread all
around the globe. But they don’t kill people outright:
their threat is insidious, easy to ignore. How do we
convey the urgency of this complex problem?
The research into the Minamata process highlights
five important factors if a nation is to succeed in international policy negotiations. The first of these is to
have a sound scientific foundation and communicate
this knowledge in such a way that non-experts can
understand.
The research environment at the Fram Centre is
diverse and highly productive, as this issue shows. But
to fully leverage our ability to establish a sound scientific foundation, we must release the synergies the
newly expanded Fram Centre offers. This will benefit
international processes as well as supporting knowledge-based management in the High North.
As for communicating our knowledge in a comprehensible manner, we hope Fram Forum will do just that.

Janet Holmén, Editor
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Kronebreen
is calving
Thunder rolls under the clear Arctic sky. Eagerly your
eyes scan the face of the glacier. There! A chunk of
blue ice the size of a railroad car tips with impossibly
slow grandeur and plunges into the water. Waves
churn towards you, threatening to swamp your boat.
Watching a glacier calve is thrilling: beauty and peril
combined.
This is Kronebreen. When explorers first saw it
in the late 1800s, it extended 10 km further into
Kongsfjorden. By the end of WWII, the front had
retreated about 6 km. From the late 1980s to about
2000, it lay another couple kilometres farther east
over a rise in the seabed, which kept the glacier in a
stable position. But ultimately the delicate balance
between ice flow toward the front and ice loss
through calving shifted and the front retreated into
deeper water. With more water eating away at the
base of the glacier, calving increased, and since 2011
the glacier front has retreated by over 2 km.
Is this because of global warming? Clearly several
factors are at play. Subglacial topography has
nothing to do with climate. But Kronebreen’s mass
balance is also affected by climate factors like
the amount and type of precipitation, radiation,
summertime melt, and water temperatures in
Kongsfjorden. Those temperatures are influenced
by the West Spitsbergen current, which has been
warming for the past 40 years.
So no, global warming isn’t the only explanation for
the spectacular calving in eastern Kongsfjorden. But
it clearly contributes.
Photo: Geir Wing Gabrielsen /
Norwegian Polar Institute
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Christine Kristoffersen Hansen

A woman of action
Environmental chemist Dorte Herzke has an urgent mission.
If she always seems to be locked away in the lab it’s because
that’s where the magic happens, where she and her team are
trying to figure out how to save the world.

“E

verything is happening at breakneck speed.
The environmental changes in just the past twenty or thirty years in the Arctic have been enormous.”
Dorte Herzke taps the end of a blue ballpoint pen on
her desk.
“If we look at the number of chemicals produced, the
quantities released into nature, what the poisons do
to us and what they’re doing to the environment, it’s
obvious this can’t continue for twenty or thirty more
years.”
The tapping on her desktop accelerates.
“In other words, we’re in a hurry. A great hurry. But to
figure out what we need to do to turn these developments around, we have to look at the big picture and
understand how things fit together.”
A BELIEVER IN APPLIED RESEARCH
This focus on the big picture and her eagerness to find
measures that actually work are recurring themes in
Herzke’s career. When all the other students in her
Chemistry class at the University of Berlin intended to
go into basic research, Herzke decided to join the Institute for Water, Soil and Air Hygiene in West Berlin.

“I had no desire to disappear into a lab for three years
and re-emerge with a chemical substance no one
had heard of and no one had any use for. I’ve always
considered applied research to be more important.
That, and acquiring knowledge that can be used for
something worthwhile.”
Herzke completed a PhD in Analytical Chemistry in
1998. And what led her to Tromsø? She says it was a
combination of coincidence and luck.
“There aren’t many openings for analytical/environ
mental chemists in Germany, so I both wanted to
leave the country and had to. Right before I finished
my PhD, I participated in a conference where I spoke
with a guy who worked in the same field as me, but in
Norway. I said he should keep me in mind if a job opportunity should crop up there,” says Herzke, adding:
“And luckily he did!”
The job offer landed on her desk a few months later:
a six-month post-doctoral research position at NILU –
Norwegian Institute for Air Research.
Almost exactly twenty years after signing her temporary contract, Dorte Herzke is now a senior researcher
and section leader at NILU’s Environmental Chemistry
Department.
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“The post-doctoral position became a two-year temporary job, and then I got a permanent position. Initially,
I had no intention of staying here, but now I’m very
happy that it turned out that way for us. I really like it
here.”
CHEMIST FATHER
Herzke’s curiosity about chemistry, nature and the
environment was piqued when she was still a child in
Berlin. Her father should probably take a lot of credit
for her career choice; he is also a chemist.
“He never said, now we are going to talk about chemistry, but whenever we were hiking or exploring, he
would draw our attention to things in nature and
explain them to me and my big sister. And he always

answered all our questions. I remember one of those
– which, incidentally, we would never have asked if
we’d grown up in Tromsø: Why does the asphalt get soft
when it’s hot?”
Nonetheless, it was many years before Herzke decided
to follow in her father’s footsteps.
“I was rebellious and would rather do anything
besides studying chemistry,” she laughs, and says she
was toying with the idea of becoming a designer.
“But my lack of creative talent put a stop to those
plans relatively early, and eventually I got over my rebellious phase. Still, I did choose a different branch of
chemistry than my father’s. I opted for environmental
and analytical chemistry; he’s a process chemist.”
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FOLLOW THE RUBBER CRUMBS
Herzke’s focus at NILU is environmental toxins in
humans, animals, air, water and products. Among
other things, she is responsible for a project that aims
to find new pollutants in biological materials from
Arctic regions. Herzke was also active in the European
CleanSea Project, which is focused on plastic waste in
the ocean.
Over the past couple of years she has also dedicated
a lot of time to the “Check your artificial soccer turf”
campaign (Sjekk kunstgressbanen). Herzke and her
colleagues recruited 12 000 schoolchildren to help
find out what happens to the 3 000 tonnes of so-called
crumb rubber granulate that disappears from artificial soccer turf in Norway each year.
“The whole project was triggered by the fact that I
walk past Gyllenborg School on my way to work every
day. One day I saw two huge sacks of rubber granulate
that would be used to replenish the artificial turf in
the schoolyard. I also noticed the storm drain just a
few metres away from the turf. A few days later, the
entire schoolyard was black; it was obvious that a lot
of those tiny balls of rubber would soon end up in
the storm sewer. And where does the water from the
storm drains in Tromsø go? Straight into the sea, of
course!”
According to Herzke, rubber granulate is often made
from old car tyres. The researchers are now trying to
find out what happens when these rubber granulate
balls end up in the ocean.
“We asked schoolchildren all over Norway to help us
get the best possible overview of the extent of this
pollution. I find it very rewarding working this way. It
combines applied research with effective dissemination of knowledge.”
In all her projects, Dorte Herzke is fascinated by the
complexity and interactions in the environment.
“What effects do environmental pollutants have where
they are? How do they get there? And what do we need
to do to make sure we don’t get even more of them?
Everything is interconnected with everything else.”

CHALLENGES IN THE ARCTIC
Most of the research done at NILU’s laboratory at the
Fram Centre is f ocused on the Arctic. According to
Herzke, this is both exciting and challenging, partly
because the effects of pollution are especially notice
able in this region.
“There aren’t many big factories here, but we find a
bunch of different pollutants here anyway – pollutants
that come from other parts of the world. For example,
look at the polar bear: it’s one of the world’s most
poisoned animals. It’s astonishing that polar bears
can have such high concentrations of pollutants in
their bodies after eating nothing but seals and bird
eggs – and never being anywhere near a factory. This
is all our doing. Humans can choose what they eat;
the polar bear can’t. All that poison in the polar bears
– it’s our fault, not the bear’s.”
Herzke says it is important to acknowledge how great
a factor human activity is in the amount of pollution
in the Arctic.
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DARK START

“We continue to pollute the world, and this will have
consequences for the health of our children and for
the animals that live around us. We know a great deal
about the effects of our actions, but we choose not to
act accordingly. Sometimes it seems as if we are doing
more of what shouldn’t do, not less of it.
“So what should we do?” asks Herzke, then answers
her own question. “We need to live simpler lives. And
we need to be smarter about how we use things, how
products are manufactured, how we recycle and how
we re-use the things we buy. We need to learn that
nothing we throw away is ever gone.”
Herzke fears that in only twenty or thirty years, the
air in nearly all the world’s metropolises will be as bad
as it is now in Beijing and Mumbai. She is also afraid
even more people will lack access to clean drinking
water and that our food will be full of harmful chemicals.
“If there’s one thing I hope to achieve as a researcher,
it would be to figure out how we can live simpler lives
and reverse this trend. Of course, much responsibility
lies with politicians, but each and every one of us will
have to do what we can. We can’t just sit and wait for
someone else to decide how we should do things. It
doesn’t work that way.”

Herzke’s office is located on the third floor of Fram
II, the Fram Centre’s new wing on the south side of
the complex. People who work in these offices can
expect visitors to drop by around noon on the first
clear day after 15 January. In Tromsø, that’s when the
sun peers over the southern horizon for the first time
since late November, and those in south-facing offices
have front-row seats. But today the sky is pitch black
and a daylight lamp next to Dorte’s computer monitor is standing in for the sun. Despite having lived in
Tromsø for two decades, she is still not a fan of the
dark period. Some of her aversion might come from
her first encounter with northern Norway.
“Before I got the job in Tromsø I had only been in Norway once, on a summer holiday in Valdres. When my
husband and I loaded our car and left Berlin we didn’t
really know what we had ahead of us.”
They decided to drive through Sweden and Finland
and approach Norway via Kilpis.
“This was in early February. The temperature was 30
degrees below zero. And long stretches of that road
are also extremely dark and deserted; only forest,
forest, forest as far as the eye can see.”
This was before GPS, so they used a good old-fashioned map to find their way. But driving through
Lavangsdalen and realising that they should only have
a few dozen kilometres to go before reaching Tromsø,
they began to wonder if they were on the right road.
“I admit I wondered a bit what we’d got ourselves into.
The nights kept getting longer and darker, and the
closer we got to our destination, the fewer people we
saw. We were both relieved when we finally rounded
the last curve and suddenly saw light and civilisation.”
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Needless to say, the couple were welcomed with
open arms and ultimately made themselves a new
home here. But when Herzke thinks back on her first
year in Tromsø, it is almost exclusively her work she
remembers.

“I realised you have to love being outdoors if you want
to thrive here. We made sure we learned to love it over
time, though we’re not yet as accustomed to going out
as Norwegians. We go skiing, but we go slowly. And we
go alone.”

“It was a hectic period. I was very keen to find out
about everything I would be doing and how to do it.
There was a lot to learn, and I also had to learn a new
language. I have vague recollections that it was horrible summer – it rained constantly – and that a huge
amount of snow fell the following winter. But I didn’t
give it much thought. It wasn’t until a year had gone
by that I started exploring my surroundings. When I
could finally breathe a little deeper, I began to enjoy
nature and explore the city.”

Outdoor excursions are great for thinking deep and
thinking big. For Herzke, this may mean pondering
new projects she might start at NILU.

HIKES AND DEEP THOUGHTS
In addition to her exciting job, credit for keeping
Herzke and her husband in Tromsø goes to the mountains, ski slopes and forests. They try to get out as
often as they can with their two teenage daughters.

“My interests seem to change all the time. Fortunately,
I am in a position where I more or less create my own
working situations. Since our work is based mostly on
projects – and one of my responsibilities is precisely to
create new projects – I tend to come up with suggestions that align with my interests. Of course, nobody
funds my projects just because I think they would be
fun to do. We have to apply for funding many times –
and occasionally we get a green light.
“But no matter what I do, it’s important not to get too
engrossed in a single topic. Everything is interconnected. We must never lose sight of that.”
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Sebastian Gerland, Dmitry Divine, Jean Negrel and Olga Pavlova // Norwegian Polar Institute
Torbjørn Eltoft // UiT The Arctic University of Norway
Nick Hughes // MET Norwegian Ice Service
Rune Storvold // Norut Northern Research Institute
Janne Søreide // The University Centre in Svalbard

Kongsfjorden sea
ice development
observed from
ground, air and
space
Sea ice covers parts of fjords in Svalbard
for a limited time during winter and spring.
The ice plays important roles for climate
processes, such as heat and radiation fluxes
between atmosphere and fjord water, and
for the fjord’s ecosystem. Through the years,
many studies have focused on Kongsfjorden.
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Snow thickness measurements are important since snow affects the
surface energy balance of the sea ice. It is relevant for the ecosystem,
as it determines how much light reaches the water under the sea ice.
Snow is also important for ringed seals, which give birth to their pups in
snow dens on the ice. Photo: Jean Negrel / Norwegian Polar Institute
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CryoWing Scout drone and
the Radionor communication
equipment that allows for
real-time data transfer of both
visual and thermal imagery of
the ice and real-time analysis
of sea ice fraction and ice floe
sizes. Photo: Rune Storvold
/ Norut Northern Research
Institute

W

hile kongsfjorden is a site of long-term monitoring of sea ice by the Norwegian Polar Institute, add-on studies are performed to study specific
process and to improve fjord ice observations. The
objective of the project “Mapping Sea Ice” is to establish more efficient methods for retrieval of important
fjord ice parameters from remote sensing data. This
will provide accurate information on sea ice – both
current status and future changes – thus informing
work in climate and ecosystem science. Here we give
an overview on this project, and related results from
the Norwegian Polar Institute’s long-term sea ice monitoring in Kongsfjorden, and from the CIRFA Centre
for research-based innovation, led by UiT The Arctic
University of Norway.
SEA ICE MONITORING IN KONGSFJORDEN
Systematic long-term fast-ice monitoring for inner
Kongsfjorden started at the Norwegian Polar Institute
in 2003; it includes mapping of sea ice extent and in
situ sea ice measurements at several sites in the fjord.
Sea ice extent maps are drawn by hand based on

visual assessments and photographs of the fjord surface from the top of Zeppelinfjellet (474 m a.s.l.) near
Ny-Ålesund. Ice and snow thickness and freeboard are
measured in and next to drill holes. Data on ice extent
and thickness are needed for quantitative estimates
of sea ice mass balance, and to determine long-term
trends and interannual variability. In addition to
the pure monitoring of thickness and extent, other
physical and chemical properties are observed when
conditions allow, and when specific process studies
can be added onto the monitoring. This also includes
validation and calibration of satellite remote sensing.
SATELLITE OBSERVATION OF COASTAL SEA ICE
Satellite-based remote sensing techniques offer an
important alternative to ground observations thanks
to high temporal resolution and consistency of the
data. Optical data are relatively cost-effective and
easy to process, but depend on daylight and clear sky
conditions. Radar sensors such as synthetic aperture
radar (SAR) have the advantages of being independent of daylight and clouds, and they can offer richer
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Maximum fast-ice coverage area (km2) in
Kongsfjorden east of Ny-Ålesund for each
month from February to June in the period of
2003-2017. (Modified from Pavlova et al. 2019)

information about ice conditions, but processing is
more complex. Typical satellite products used for climatology studies are based on low resolution passive
microwave sensors, which cannot resolve the details
in coastal zones. Ice charts for Svalbard have been
based on medium resolution optical satellite data
since the early 1980s, and on high-resolution SAR for
the past ten years.
We are currently working on improving automated
extraction of sea ice parameters to provide better support for climatology studies and ice chart validation.
Work includes methods to extract information on fast
ice from optical data, and classify sea ice types from
SAR products. Features such as ice edge positions
observed in situ are compared with those detected
using SAR products, showing both possibilities and
limitations of ice edge mapping.

UNMANNED AIRBORNE SYSTEMS
Unmanned airborne systems (UAS) have been used
over Kongsfjorden and surrounding areas regularly
during the past decade. Advantages of such systems
compared with manned aircraft are lower costs, and
less environmental impact. However, UAS still require
an experienced team on site, and the payloads are
substantially smaller than for manned systems.
The Hamnerabben airport at Ny-Ålesund has a specific
facility for UAS. The aircraft currently in use is a Cryo
Wing Scout, which superseded the CryoWing Roamer
a few years ago. The Scout carries a camera and an
inertial navigation system. While earlier flight tracks
were pre-programmed, the system has recently been
refined so that flight tracks can be adjusted in real
time. This can be extremely useful. For example, automated decision-making based on the images obtained
now allows us to follow the ice edge. In the 2018 field
season, the UAS payload was further extended with
an infrared camera to ease discrimination between
open water and thin ice.
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SEA ICE IS DECLINING
Sea ice is home to tiny organisms, seen here as a

Systematic observations of sea ice extent during the
period 2003-2017, plus preliminary results from 2018,
reveal that the inner part of Kongsfjorden is usually
covered by seasonal fast ice. This ice forms sometime
between December and March and persists until
April-June. Before 2006, the sea ice typically extended
into the central part of the fjord, but during the last
decade the sea ice has often been restricted to the
inner northern part. Most years after 2006 had low
ice extent and a short fast ice season.
Based on in situ measurements of ice and snow thickness, and freeboard since 1997, we have found that the
thickness of both fast ice and snow has declined over
the observation period, towards thinner ice and snow
cover. During the first years of the monitoring, fast ice
was about 0.7 m thick at its seasonal peak. In recent
years, except for 2011 and 2018, the peak thickness
has been around 0.2 m. In parallel, snow thickness
decreased from around 0.2 m to less than 0.05 m.
However, the interannual variation in ice extent and
ice and snow thickness appears to be substantial.
Advection of Atlantic water into Kongsfjorden in
combination with relatively mild winters are likely the
main factors underlying changing fast-ice conditions
in Kongsfjorden.
Sea ice monitoring in Kongsfjorden is not only used
for climate change research: it also contributes to
past, ongoing and future process studies in many
disciplines, conducted in the research village of NyÅlesund. The combination of in situ, airborne and
satellite observations done in this project gave promising results. Follow-up work within “Mapping Sea Ice”
and other related projects will aim at (i) standardising
and implementing routine use of remote sensing
combined with in situ observations and sampling, and
(ii) applying interdisciplinary approaches in other
locations such as Storfjorden, another Svalbard fjord
where sea ice monitoring is carried out. Thus, our
understanding of the interconnected physical and
biological processes will be improved, and the connections between changing coastal sea ice conditions
and ecosystem processes in Svalbard will be better
quantified.

brown layer of millions of microscopic ice algae at the
bottom of a chunk of ice pulled from the water. Since
2018, sea ice physicists and biologists in the “Mapping Sea Ice” project have been working together to
study this poorly known sea ice habitat which may
be essential not only for the tiny organisms at the
base of the Arctic food web, but also for ringed seals
and polar bears. Photo: Malin Daase / UiT The Arctic
University of Norway
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Atlantification of the
marine ecosystem in
Kongsfjorden, Svalbard
Climate warming is rapidly altering the physical marine
environment in fjords on the west coast of Svalbard towards a
more temperate state. Reductions in sea ice cover and increased
ocean temperatures are evident, resulting in changes of 
ice-associated and pelagic ecosystems.

D

ocumenting climate-related changes in a
marine ecosystem is detective work. Oceans are
in a constant state of change due to weather, currents,
tides, and seasonality. Consequently, samples collected from the same spot even just a few minutes apart
can vary considerably. Similar to judges in a court,
scientists need reliable evidence to ascertain that differences among samples taken over time are part of a
long-term trend rather than shorter-term natural variability. Acquiring such evidence requires thoughtful
long-term sampling campaigns and thorough statistical analysis of collected data. During the last years,
researchers working in Kongsfjorden have published
long-term ecological and physical data series. These
time series range from diet samples collected from
seabirds to direct measurements of temperature, sea
ice and plankton abundances. Shifts in the ecosystem

Also affiliated with the Institute of Marine Research
Also affiliated with UiT The Arctic University of Norway
3
Also affiliated with the University Centre in Svalbard
1
2

reflecting physical changes are now apparent and
sometimes surprising.
Phytoplankton investigations in Kongsfjorden date
back to the early 1970s with systematic monitoring
each summer since 2009. The time series indicates
three different spring bloom scenarios. Until the
early 2000s, Kongsfjorden often had a long-lasting
ice cover, and the phytoplankton bloom was in May.
The recent decrease in sea ice cover has resulted in
an earlier bloom in April. Both these bloom scenarios
are characterised by the dominance of diatoms due to
weak thermal gradients allowing resting spores to be
mixed up into the water column during winter. The
last scenario, encountered during the warmest years
in the time series, is associated with a surface inflow
of Atlantic Water during winter, preventing deep win-
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Inner Kongsfjorden in 1922 and 2002. The glacier cover has declined dramatically with implications
for the marine ecosystem in the fjord. Photos: Anders Orvin and Christian Åslund

ter mixing and ice formation. This scenario results in a
delayed and diminished bloom dominated by colonies
of Phaeocystis pouchetti. Such changes in the timing,
magnitude, and composition of the spring bloom can
have ripple effects on the entire marine food web.
Zooplankton has been monitored each summer in
Kongsfjorden since 1996. The time series shows an
increase in the contribution of the Atlantic copepod
Calanus finmarchicus, possibly due to warming and
loss of sea ice in Kongsfjorden. Surprisingly, the abundance of its Arctic cousin C. glacialis has not declined
in Kongsfjorden nor in Isfjorden further south. Earlier
onset of the spring bloom, combined with warmer
temperatures does not appear to displace C. glacialis
but rather to improve its breeding efficiency, shorten
its life cycle and reduce its body size to resemble the

smaller C. finmarchicus. The transfer of energy, from
primary producers through Calanus to higher predators, may then become more efficient due to changes
in generation length and population turnover rate that
accompany the changes in body size. For size-selective
predators, however, smaller copepods will be harder
to catch than larger ones, and as the efforts increase,
the rewards decrease.
Diet samples collected from black-legged kittiwakes
– surface-feeding seabirds – indicate that the pelagic
ecosystem in Kongsfjorden abruptly changed in 2007,
becoming more Atlantic. Polar cod, a High Arctic fish,
and the pelagic amphipod Themisto libellula, an Arctic
crustacean, dominated the kittiwakes’ diet until 2006.
Following a large inflow of Atlantic water to the fjord
during the winter of 2006, capelin, a pelagic fish
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adapted to warmer North Atlantic waters, became an
important part of the birds’ diet. After the change in
2007, the contribution of polar cod in kittiwake diet
did not return to the previous levels. Instead, the diet
contained a more varied range of species including
Atlantic herring, which appeared in the diet samples
in 2012 coinciding with another Atlantic inflow event.
Further, there was more polar cod in kittiwake diet
during years with more sea ice, and conversely, more
Atlantic fishes during years with less sea ice and higher water temperatures. This indicates that increasing
ocean temperatures and decreasing sea ice concentration might indeed have caused the increased occurrences of Atlantic fishes and crustaceans in kittiwake
diet samples. The change in diet has not affected the
breeding success of kittiwakes in Kongsfjorden, and
the population trend has been slightly positive since
2007.
Ecosystem changes have also occurred in the nearshore zone at the seafloor. A 30-year photographic
time series of rocky bottom subtidal benthic communities shows an increase in macroalgal cover from
the mid-1990s in Kongsfjorden, and in Smeerenburgfjorden further north. Given that algae provide new
habitat, several benthic invertebrates also became
more abundant, while others declined. These shifts in

the benthic community were associated with climatic
changes, specifically ice decline and warming water,
reflecting increased prominence of Atlantic water
conditions. However, the species structure of the community of muddy bottom-dwellers has not responded
consistently to warming; rather, we observe changes
over time that could be related to variability in other
physical drivers.
The long-term ecological research from Kongsfjorden
has been used to investigate how the changing environmental conditions are altering the ability of the
marine food web to absorb, recover and adapt to the
Atlantification. An important aspect of this work has
focused on ecological resilience, which is the ability
of the Kongsfjorden marine food web to continue to
withstand further changes. The results show that the
Atlantification event in 2006 resulted in a significant
loss of ecological resilience, with the system becoming
more susceptible to a loss of biodiversity. However,
since 2013, changes in how species feed and interact
with each other show an improvement in ecological resilience. The secondary productivity has also
increased both in Kongsfjorden and in coastal areas
of Svalbard. While further observations are required,
this provides preliminary evidence of a new emergent
marine food web adapting to climate change.

Black-legged kittiwakes
fighting over a capelin in
Kongsfjorden.
Photo: Guttorm Christiansen
/ Akvaplan-niva
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Panel a) Svalbard with Atlantic and Arctic currents influencing Kongsfjorden.
Panel b) Records of sea ice index (blue) and ocean temperature (red) in Kongsfjorden. Lower sea ice
index implies less sea ice. Temperature data are from Tverberg et al. (2019) The Kongsfjorden Transect:
seasonal and inter-annual variability in hydrography, which will appear in “The Ecosystem of Kongsfjorden, Svalbard”. The figure is modified from Vihtakari et al. (2018).

The marine ecosystems on the west coast of
Svalbard are influenced by the northwards
flowing West Spitsbergen Current, a branch of
the warm North Atlantic Current, making the
fjords respond to climate change earlier than
fjords situated elsewhere in the Arctic. The
“Atlantification” signal is penetrating deeper
into the fjords along the west coast than
previously because of increased temperature in
the West Spitsbergen Current.

This change influences the base of food webs,
with phytoplankton converting energy from
the sun during the spring bloom into sugars
and lipids that are grazed by herbivorous
zooplankton such as the Calanus copepods.
Atlantic predators such as Atlantic cod may
also change the ecosystem by increased
predation pressure on smaller fishes such as
polar cod and lower trophic levels.
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Polar cod, Atlantic fish species, mostly Atlantic krill, and Arctic Themisto occurrence in black-legged kittiwake diet during summers from 1982 to 2016 in Kongsfjorden. Numbers above the blue bars indicate the
number of diet samples analysed per year. Modified from Vihtakari et al. (2018)

The changes we observe in Svalbard are happening
fast: the fauna in the west coast fjords is now less
characteristic of the High Arctic, but more and more
resembles the ecosystems along the Norwegian coast,
with food webs partly composed of Atlantic species.
This analogy indicates that Arctic species remaining
in the ecosystem may gradually decline in abundance
and eventually disappear altogether. The change,
however, does not appear to have reduced the productivity of the system but has rather led to increasing
secondary productivity. Further, some Arctic species
such as C. glacialis appear to be able to adjust to the
new regime by adopting life history strategies similar
to those of Atlantic species, thus making the ecosystems resilient to the change. The jury is still waiting
for more evidence on the outcome of competitive
interactions between the Atlantic newcomers and the
Arctic residents before proclaiming the losers and
winners of the grand scale climate experiment.

FURTHER READING:
Renaud PE, Daase M, Banas NS, Gabrielsen TM, Søreide JE,
Varpe Ø, Cottier F, Falk-Petersen S, Halsband C, Vogedes D,
Heggland K, Berge J (2018) Pelagic food-webs in a changing
Arctic: a trait-based perspective suggests a mode of
resilience. ICES Journal of Marine Science 75:1871-1881. doi,
10.1093/icesjms/fsy063
Vihtakari M, Welcker J, Moe B, Chastel O, Tartu S, Hop H,
Bech C, Descamps S, Gabrielsen GW (2018) Black-legged
kittiwakes as messengers of Atlantification in the Arctic.
Scientific Reports 8:1178. doi, 10.1038/s41598-017-19118-8
Several articles about this work will appear in the book “The
Ecosystem of Kongsfjorden, Svalbard” (eds. Hop H, Wiencke
C), Advances in Polar Ecology, Springer Verlag, publication
date 27 April 2019.

RESEARCH NOTES

FRAM FORUM 2019

?

a)

?
b)

?

c)

?

d)

e)

f)

g)

h)

i)

Marine organisms and how they may respond to Atlantification in Kongsfjorden. Arrows indicate
whether Atlantification is expected to have a positive or negative effect. Question marks
indicate uncertainty. a) diatoms; b) the colony-forming haptophyte Phaeocystis pouchetii;
c) the Atlantic copepod Calanus finmarchicus; d) the Arctic pelagic amphipod Themisto libellula;
e) the krill Thysanoessa inermis; f) polar cod Boreogadus saida; g) Atlantic cod Gadus morhua;
h) capelin Mallotus villosus; i) Atlantic herring Clupea harengus
Photos: Philipp Assmy (a,b), Malin Daase (c-e), Peter Leopold (f), Marcus Boyne (g),
Jan de Lange (h,i)

23

24

RESEARCH NOTES

FRAM FORUM 2019

Polar bear swimming in the pack ice north of Svalbard in August 2015.
Photo: Magnus Andersen / Norwegian Polar Institute
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Jon Aars, Karen Lone, Christian Lydersen, Magnus Andersen
and Kit M Kovacs //Norwegian Polar Institute

Polar bear or
“aquabear”?
Ursus maritimus – the polar bear’s Latin name clearly
identifies it as a marine animal, not a terrestrial one.
Recent studies show they deserve this name: not
only do they live much of their lives near sea ice; they
also spend more time in water, swim farther and dive
deeper than was thought previously.

I

n 2008, scientists from the united states
deployed a subcutaneous temperature logger,
in combination with a telemetry collar, on a female
polar bear in the Beaufort Sea. Geographic position,
internal temperature and ambient temperature were
measured simultaneously, making it possible to figure
out when the bear was swimming and when she was
walking on sea ice. This bear swam continuously for
more than nine days, travelling 687 km. These data
proved that polar bears are able to swim for much
longer distances than previously thought.
HOW FAR DO POLAR BEARS SWIM?
In recent years, satellite collars deployed on polar
bears have become more sophisticated and many
now record time spent in the water, using a salt water
switch (two contact points that carry current between
them when in salt water). For Svalbard bears, we have
documented several cases where bears have swum
more than 100 km (280 km at most) and been in the
water continuously for up to four days.
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An old male polar bear diving in the pack ice north

Female with a newly deployed satellite collar, with her

of Svalbard in August 2015.

yearling daughter. The collar records activity (proportion

Photo: Jon Aars / Norwegian Polar Institute

of time with recorded movement within 2-hour periods, at
1-second resolution), percentage of time in water, and temperature. Photo: Jon Aars / Norwegian Polar Institute

Such long swims in the Barents Region are always
trips between islands in the region’s archipelagos
and the sea ice edge, where most bears hunt much
of the year. Pregnant females increasingly often face
long swims in the autumn to return from the ice to
the islands to make their maternity dens in drifts of
snow on land, where they give birth to their cubs in
midwinter. This situation is rather new. A few decades
ago, sea ice covered much of the ocean surrounding
Svalbard for most of the year and corridors of sea ice
were virtually always available between the islands
and ice-covered hunting areas. Back then, bears rarely
had to swim long distances.

Mothers with small cubs swim much less than other
females, particularly in early spring. Tiny cubs are
unable to survive long periods in icy water, as they
lack the fat layer that insulates larger, older bears
when swimming. (Their fur insulates well in air, but
not when it is wet.) Thus, when they first emerge from
the birth den, bear families are quite vulnerable in
habitats with many open leads in the ice, and in areas
with little sea ice. It is important for the mother to get
to good hunting areas quickly in the spring to regain
weight so she can continue producing milk for the
cubs, after a long winter in the den without eating.
DIVING

TIME IN WATER
Long swims are interesting in and of themselves, but it
is also important to know about swimming behaviour
on a daily basis, how it varies with season, habitat
and other factors. A recent study from Svalbard (see
further reading) showed that most female polar bears
are very aquatic. How much time the bears spent
swimming varied a lot through the year, but in July,
they spent two hours a day in the water, on average.
Individual bears also vary considerably in how much
time they spend in the water.

We know that polar bears dive between and underneath ice floes when they hunt seals. Bears approach
seals by stealth, swimming underwater so they are
not detected. From time to time, they surface to check
where they are in relation to the seal. Finally, when
close enough, they do a final dive and emerge just in
front of the seal’s resting place, and lunge onto the
ice in an attempt to catch the prey. Polar bears also
dive to find kelp and other things they like to eat, such
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This graph shows a female polar bear’s activity,

Track from the same bear’s GPS satellite collar. The

temperature and percent of time in water before, during

straight lines show swimming. In June 2018 (for which sea

and shortly after she crossed more than 400 km of open

ice distribution is shown) she swam more than 400 km dur-

water. Note that her activity level drops as she swims,

ing more than a week to get from eastern Svalbard to Franz

and that the water is cold (<0°C).

Josef Land, stopping to rest for 20 hours on some sea ice.

as submerged carcasses. Our study from Svalbard
revealed that adult female polar bears occasionally
dived down to several metres depth. The record dive
in the study was 13.9 metres!

equals the cost of a two-week long walk. If the mother
has to swim a long distance to reach an island in
autumn, it reduces her ability to produce milk for her
cubs.

COST OF SWIMMING

It is also important to note that young bears will not
be able to swim long distances at all – they lose too
much heat. Therefore, even though adult bears are
good swimmers and divers, having to make more long
swims due to sea ice loss is a serious threat to this
remarkable species.

Given the loss of sea ice in the Arctic in recent decades, it is good news that polar bears are able to swim
long distances. In the Barents Region, including Svalbard, sea ice losses have been large, and predictions
suggest that reductions will continue much faster here
than in other areas inhabited by polar bears. Thus, we
believe that bears in the area will need to swim even
more in the future. Good denning areas in eastern
Svalbard have already been lost. In years without
sea ice in the autumn, pregnant females do not get
to these areas any longer. The energetic costs of long
swims may be too high.
Pregnant females need sufficient fat reserves to ensure
milk production, usually for two cubs, during a threeto-four-month period in the den without any access to
food. The estimated cost of swimming is equivalent
to 4 kg of fat per day! That is approximately five times
the cost incurred by walking; thus a three-day swim

FURTHER READING:
Lone K, Kovacs K, Lydersen C, Fedak M,
Andersen M, Lovell P, Aars J (2018) Aquatic
behaviour of polar bears (Ursus maritimus) in an
increasingly ice-free Arctic. Scientific Reports
8, 9677
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Gro Harlaug Refseth // Akvaplan-niva

Passive sampling detects
salmon louse pesticides
and hydrogen sulphide:
50 shades of grey
If you want to get Norwegians talking, just ask for their opinions
on aquaculture. Use of pesticides to combat salmon lice in fish
farms is a hotly debated topic all around Norway. But how much
pesticide is actually spread in the environment? To find out,
we’ve developed a new measurement strategy.

W

e wanted a tool to sample pesticides in the
environment that was less dependent on timing, and able to detect very low concentrations in water around fish farms. This is highly relevant, as there
is an ongoing debate concerning how far from a fish
farm low – but potentially harmful – concentrations
can be found after a discharge of delousing agents.
THE PHYSICAL CHEMISTRY BEHIND OUR IDEA
Our first task was to choose a sampling method.
An active sampler works like a big vacuum cleaner
and sucks a suitable amount of water over a sampling medium. A passive sampler is deployed in the
waters being monitored and the target compounds

 ccumulate in it over time. After exposure, the sama
plers are retrieved and analysed. The concentration
of a given compound in water can be estimated from
the amount that has accumulated in the sampler,
provided that factors controlling the uptake rate are
understood.
We chose passive sampling – a technique frequently
used for measuring water contaminants at low concentrations in the environment. While active sampling
has to be done when the plume of salmon louse pesticides passes the sampling point, a passive sampler
can be deployed at strategic places before delousing,
and be collected a few days later when the plume of
pesticides has passed.
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Concentration of azamethiphos (ng/L)
in sea water after delousing
100
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0

Increasing distance from pen and
primary direction of current

Treated pen

Concentrations measured in the deloused pen and at
increasing distances down-current. The stars mark
sampling points. One sampler was damaged and
could not be analysed.

FIELD EXPERIMENT
To test whether this method could detect salmon
pesticides in the water after a delousing event, we
deployed several polar organic chemical integrative
samplers (POCIS) on the water surface at increasing
distances away from a pen that would be deloused
with azamethiphos the following day. Two days after
delousing, the samplers were collected and sent to the
NIVA laboratory for analysis.
The graph shows how the amount of azamethiphos
measured inside the pen (to the right in the background photo) is in accordance with the concentration applied during the delousing event (about 100

ng/L in the pen). Outside the pen, the concentration
decreases with increasing distance. It is worth noting
that this was a pilot project and we were not able
to cover all possible current directions. Only one
pen was deloused, which means that the amount of
azamethiphos used was lower than if all pens had
been deloused at the same time, which is normally the
case. Nevertheless, the technique proved its feasibility: passive sampling can be used to measure low
pesticide concentrations in background areas as well
as after delousing events. Our next step is to do field
experiments on a larger scale.
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5(0) shades of grey – a laboratory test with samplers exposed to different
concentrations of H2S, from 340 µg/L (left) down to 24 µg/L (right).

50 SHADES OF GREY IN A LABORATORY

RISK ASSESSMENT

Passive sampling can also be used for other compounds and in other contexts. One example is a pilot
project we did together with aquaculture companies
to find a method for detecting hydrogen sulphide (H2S)
at low concentrations in recirculating aquaculture
systems. H2S is chronically toxic for fish at 20 µg/L and
can cause sudden death among fish in recirculating
systems. Hence, the companies needed a quick and
easy method for measuring H2S.

Recent studies on delousing agents have demonstrated that short term exposure to low concentrations of
chemicals used for bath treatments can have effects
on deep-water shrimps. Oceanographic modelling
results vary depending on the chemicals being modelled, but suggest that relevant concentrations can be
found up to 3 km away from a fish farm after delousing. Hence, there is a high demand for field studies
on delousing agents to validate model results. The
development of the passive sampling methodology for
measuring delousing agents is important for overall
assessment of the risk posed by delousing agents to
the surrounding environment. We hope to continue
this work, deploying more passive samplers at several
depths, and using oceanographic models to better
understand how azamethiphos spreads in the water.

Again, passive sampling is the solution!
Samplers can be deployed and left for a suitable number of days while H2S accumulates in a binding layer
containing silver iodide, which reacts with H2S. The
reaction product is grey silver sulphide. The intensity
of the grey colour can be measured and quantified by
image analysis, and since the shade of grey depends
on how much H2S accumulated in the sampler a certain shade of grey equals a certain concentration!
As for salmon louse pesticides, increased exposure
time gives more time for accumulation of the target
compound which then can be measured and a water
concentration can be calculated based on uptake
rates. If a sampler deployed in a recirculating aquaculture system has taken on a pale but visible shade
of grey within 48 hours, H2S is present in the water at
about 5 µg/L.
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Salmon louse pesticides
AZAMETHIPHOS: Organic phosphorous compound for
bath treatment, effective on adult and mobile sea lice.
Other crustaceans are sensitive to azamethiphos.
CYPER- AND DELTAMETHRIN: Pyrethroids for bath
treatment. They are less water-soluble than azamethi
phos and their mode of action is on the nervous system
of the sea lice and insects.
EMAMECTIN BENZOATE AND DIBENZURON: Provided
via fish feed. They act by inhibiting chitin synthesis and
are fairly stable in water and sediments compared to
other sea louse pesticides.
HYDROGEN PEROXIDE (H2O2): A very strong oxidation
agent. It is mainly efficient on mobile sea lice. Crustacean plankton are sensitive to H2O2.
SOURCE: Sæther K, Refseth GH, Bahr G, Sagerup K
(2016) Kunnskapsstatus lusemidler og miljøpåvirkning.
Akvaplan-niva Report no. 8136-1, available at https://
www.fhf.no/media/155790/kunnskapsstatus_folder_269781_..pdf

We thank Fram Centre Incentive Funds 2017 and our collaborators Ole B Samuelsen
and Ann-Lisbeth Agnalt (Institute of Marine Research), Ole Anders Nøst (Akvaplanniva), Thomas Rundberget, Bert van Bavel and Ian Allan (NIVA) and Even Jørgensen
(UiT The Arctic University of Norway) for the azamethiphos work (ToolSalmon).
The H2S project was funded by Hardingsmolt, Marine Harvest and NIVA.
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Perch is the national monitoring species for mercury in fish in Norway.
Photo: Guttorm Christensen / Akvaplan-niva
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The scientific road
towards international
environmental policy
Many environmental problems are global in character
and must be resolved through joint international
efforts. Examples include climate change, long-range
transported environmental pollutants and plastic.
Sound environmental policy-making to address
transboundary pollution needs scientific backing.

T

he road from science to policy-making is often
winding and it can take time from scientific findings on an environmental problem to the implementation of environmental policy. One important success
factor in this process is making scientific findings
accessible and understandable to actors outside the
science community.
SCIENCE AND INTERNATIONAL POLICY-MAKING
Over the last four decades, nations have negotiated
hundreds of bilateral and multilateral agreements to
address transnational environmental problems. The
role that nations play in such negotiations differs with
national economic, political and scientific resources.
Scientists in every country mainly share scientific
resources with other scientists by publishing their
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Studying mercury in
freshwater fish. Fieldwork
at Jarfjordfjellet,
Sør-Varanger, Norway.
Photo: Guttorm Christensen
/ Akvaplan-niva

findings in peer-reviewed journals. But recent years
have seen an increased focus on the need for popular
dissemination and public outreach, and on the importance of providing advice to policy-makers.
Large-scale international scientific assessments
have also become a more common way of informing
policy-making. Global environmental assessments
(GEAs) are formal efforts to assemble selected know
ledge to make it useful for decision-making. This
objective highlights the importance of organising
such assessments in ways that make it easy to identify
products, participants, responsible authorities and the
effects of an environmental problem on ecosystems
and human health.
GEAs mainly focus only on summarising and ensuring
the quality of existing research, but they may also involve conducting new research. The national actors in
the production and utilisation of GEAs in negotiation
processes often include government agencies, private
corporations, research institutions and NGOs.
THE MINAMATA CONVENTION
The World Health Organization lists mercury among
the top ten chemicals or groups of chemicals of public
health concern, and we have recently studied the
process towards a global legally binding instrument
on mercury: the 2013 Minamata Convention.

Despite many years of scientific consensus on the toxic effects and long-range transportation of mercury, it
took a long time to establish a global, legally binding
convention to regulate the contaminant. The first
initiative towards international action on the mercury problem came in 2003, but it took six more years
before the Governing Council of the United Nations
Environment Programme (UNEP) agreed to start developing a legally binding approach (in 2009).
MERCURY IN THE ARCTIC
Due to its geography, climate and ecology, the Arctic
is strongly impacted by the adverse effects of mercury pollution. As a result, research showing negative
effects on human health and the environment in the
Arctic was a key driver behind the initiative to set
up the Minamata Convention. In our project on the
Convention, led by NIVA and financed by the Fram
Centre, we have analysed the science–policy interface
on the road towards the adoption of the Minamata
Convention, and the positions and roles of Norway
and Canada in the Minamata process. The project
concludes that the Arctic Council played an important
role as knowledge provider in the process leading
up to the Minamata Convention. In a recent publication we describe how this was particularly true of a
working group within the Arctic Council – the Arctic
Monitoring and Assessment Programme – which was
heavily involved as a “science broker”, providing
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scientific assessments to back political decision-making in the negotiations. Both the Arctic Council and
the Nordic Council also played important roles in
research financing.
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 witzerland, proposed to start negotiating an agreeS
ment at the UNEP Governing Council meeting in 2003.
Later, in 2009, Canada changed its view when the US
changed its position on a legally binding agreement at
the start of the Obama administration.

CANADA AND NORWAY
Our project also examined the positions and roles
of Canada and Norway in the scientific production,
preparations, and alliance building in the UNEP negotiations, as well as their main arguments. The data
for this study were collected through literature review
and interviews with the leaders and delegates from
the two countries. The delegations included representatives from government agencies and research
institutes; the Canadian delegation also included an
indigenous NGO. We found that both countries provided essential contributions to the realisation of the
convention, though in different ways and at different
phases of the process.
Whereas Canada and Norway are both receivers of
long-range transported mercury pollution from other
countries, their respective pollution history differs.
Being an industrial country with a population of
37 million and a large mining industry, Canada has
substantially higher national emissions and releases of mercury than Norway (with a population of
approximately 5 million). Like other countries with an
economically significant mining industry, Canada was
in a bit of a bind. The Canadian government wished to
reduce national emissions, but also wanted to avoid
putting overly strict regulations on their mining industry. Nonetheless, Canada made significant reductions
in mercury emissions during the 1990s, as did Norway. As a substantial part of the mercury deposited in
these countries originates from sources outside their
respective boundaries, they both realised that further
substantial reductions could only be achieved through
international regulations.

Both Norwegian and Canadian input was central in
the scientific research revealing that mercury travelled long distances from its original sources and into
the Arctic. In Canada, mercury studies in the Arctic
were led by the government’s Northern Contaminants
Program. This programme also helped fund and build
the capacity of an Arctic indigenous organisation,
the Inuit Circumpolar Council (ICC). As a result, ICC
was able to put efforts into mercury and help inform
the negotiation process. It is clear from statements
made by the Canadian Government that its principal
concern in the negotiations was to protect the indigenous population and biota in the Arctic from mercury
pollution. The environment and human health in the
Arctic were also major concerns for Norway; however,
the national stance on the convention was also motivated by scientific findings of high levels of mercury in
freshwater fish of high food value in other parts of the
country.
From our study we conclude that the following are
important for a nation to succeed in an international environmental policy process: 1) having a sound
scientific foundation and communicating this in
ways that non-experts can understand; 2) including
experts among the delegates in negotiations; 3) having
well-prepared position documents; 4) having strong
national backing from government, industry and
NGOs; and 5) having a negotiation team with the will
and skill to compromise and build alliances.

FURTHER READING:
However, Canada (along with Australia, the US,
Japan and Russia) was initially against a legally
binding agreement on mercury and argued for a
voluntary solution. The main reason for opposition
to such an agreement was concern about yet another resource-demanding negotiation procedure on
chemicals. Norway, on the other hand, was in favour
of a legally binding agreement and, together with

Platjouw F, Steindal EH, Borch T (2018) From arctic
science to international law: the road towards the
Minamata Convention and the role of the Arctic
Council. Arctic Review on Law and Politics 9: 226-243

The project was financed by the Fram Centre
Flagship “Hazardous substances – effects on
ecosystems and human health” .
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France Collard, Ingeborg Hallanger and Geir W Gabrielsen // Norwegian Polar Institute
Jakob Strand and Lis Bach // Aarhus University
Kerstin Magnusson, Maria Granberg and Lisa Winberg von Friesen //
IVL-Swedish Environmental Research Institute

Plastic in the Arctic:
work in progress
Although the first plastic material was created in 1907,
scientists were not concerned about plastic pollution
until the 1960s. Around 2010, concern grew to alarm.
Now the scientific interest in how plastic affects the
environment is rising – and the Arctic is no exception.

A trash pile collected on Svalbard beaches analysed during
the Deep Dive workshop in
Longyearbyen.
Photo: France Collard /
Norwegian Polar Institute

Y

ou might think the Arctic is remote enough
to be safe from pollution. But we now know that
plastic waste is a widespread challenge even in this
region. For example, Arctic sea ice may be an accumulation zone for microplastics – small fragments of
plastic – especially the smallest bits under 1 mm.
The Norwegian Polar Institute is joining forces with
national and international partners to gain knowledge
about this issue. Several collaborations have already
been established and more are expected thanks to the
new Fram Centre Flagship “Plastic in the Arctic”.
The unexpected findings in Arctic sea ice highlight
the urgency of studying small microplastics. A new
non-invasive method of sampling and extraction of
microplastics from the stomach contents of birds is
currently being tested at the Fram Centre. Birds are

Ongoing projects focus on plastic pollution in
the Arctic from several perspectives:
• benthic food chains around Svalbard and
Greenland (PlastArc1)
• uptake and effects of microplastics in
arctic amphipods – an experimental study
(PlastArc2)
• sediment in Kongsfjorden
• stomachs of fulmar chicks in the Faroe
Islands
PlastArc1 and 2 are being performed in
collaboration with IVL-Swedish Environmental
Research Institute and Aarhus University.
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given water to make them regurgitate, and microplastics down to 20 µm are extracted. This provides valuable data on interactions between plastics and biota.

Photo: Maria Granberg / IVL-Swedish Environmental Research Institute

From left to right,
Norwegian Polar Institute
scientists Lisa Orme,
France Collard and
Ingeborg Hallanger on
board RV Lance.
Photo: Arto Miettinen /
Norwegian Polar Institute

Through these projects, we hope to raise awareness of
stakeholders, companies and society and inspire them
to work on solutions to reduce plastic pollution.
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Amalie Ask (University of Stavanger) collecting sand in Ny-Ålesund.

One big issue in the Arctic is the lack of wastewater
treatment plants. In most places, untreated waste
water is discharged directly into the environment.
However, in Ny-Ålesund, a treatment plant has now
been installed and scientists from IVL-Swedish Environmental Research Institute, Aarhus University and
the Norwegian Polar Institute are currently investigating contents of anthropogenic microlitter in waste
water itself, in Kongsfjorden outside Ny-Ålesund, and
in other parts of the Arctic.
Alongside its scientific research, the Norwegian Polar
Institute has also been involved in a workshop organised by Wageningen Economic Research and SALT, a
consultancy firm focused on coastal issues. The Deep
Dive workshop sorted, weighed and analysed plastics
collected from beaches in Svalbard. Each year, tonnes
of plastic litter are collected from Svalbard beaches
thanks to a collaboration between scientists, cruise
operators, tourists and the Governor of Svalbard.

IN BRIEF
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Ellen Kathrine Bludd // UiT The Arctic University of Norway

When plastic becomes
part of Arctic fish diets
As consumers, we constantly hear that we should cut down
our use of plastic packaging and choose textiles made
from natural materials, free from plastics. But does it
really matter so much? A fresh study from the Arctic Ocean
provides gloomy evidence of why it matters.

P

lastics have many advantages in our daily
lives, for instance they help us prevent food
from going to waste, save energy in our homes and
decrease CO2 emissions. According to Plastics Europe, global production of plastics has consistently
increased and is currently at 335 million tonnes per
year. However, plastic pollution is an emerging and
growing threat across world oceans. Once plastics get
out into the environment, they tend to break down
into smaller debris also known as microplastics.
Researchers from UiT The Arctic University of Norway
investigated the presence of microplastics in the water
and in two Arctic fish species off the coast of northeastern Greenland.
MOTIVATED BY TRASH
“What motivated us to investigate microplastics in
Greenland is that we saw plenty of plastic debris when
we went there in previous years to study Arctic fish
communities,” says professor Jørgen Schou Christiansen from UiT.

Christiansen and colleagues have travelled regularly
to Northeast Greenland since 2002 in connection
with the TUNU Programme, a broad research effort to
learn more about fishes and other marine fauna in the
Arctic. Northeast Greenland has barely been studied,
so the TUNU expeditions provide important baseline
data.
The researchers sampled water to study microplastics in the water column. They also wanted to see if
fish ingested microplastics. The researchers picked
out fish species with two different feeding strategies:
the polar cod (Boreogadus saida) which feeds in open
water or in areas where there is sea ice, and the bigeye
sculpin (Triglops nybelini) which feeds on or near the
bottom of the ocean. The polar cod is associated with
sea ice that also stores a lot of microplastics, so the
species could be particularly exposed to microplastics
pollution.
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Researchers from UiT The Arctic University of Norway visited
the waters northeast of Greenland with RV Helmer Hanssen
to sample water and fish species and test for microplastics.
Photo: Arve Lynghammar / UiT The Arctic University of Norway

Christiansen and his colleagues found plastic debris
in their water samples at a concentration of 2.4 items/
m3 ±0.8 SD, which is higher than in most seas at lower
latitudes.

The most common microplastic the researchers found
in the water column was polyethylene. It is the most
abundant polymer type, and belongs to the largest
product group of plastics. Polyethylene is widely used
as packaging material and is often discarded after a
single use.

Both fish species had in fact eaten microplastics. The
researchers found that 34% of the bigeye sculpins
contained microplastics, while 18% of the polar cod
contained microplastics.

Polyester was the plastic most frequently found in fishes. Polyester is commonly used in textiles and fishing
gear and has already been documented in both water
and ice in the Arctic Ocean.

PLASTIC IN WATER AND FISHES
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During previous TUNU
expeditions, researchers
found floating plastic debris
northeast of Greenland.
Photo: Peter Rask Møller /
Natural History Museum of
Denmark

Examples of microplastics
isolated from water samples
using spectroscopy.
A) white PVC fragment
B) degraded polyethylene
fragment
C) grey/blue polyethylene
fragment
D) transparent polyamide
fragment. Scale bars = 1 mm
From Morgana et al. 2018,
Environmental Pollution
242: 1078-1086. Used with
permission.
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BLUE FOOD

MORE ACTIVITY IN THE ARCTIC

The difference between the species is most likely a
result of feeding habits and the habitat in which they
live. Microplastics seem to accumulate at the bottom
of the ocean, where the bigeye sculpin feeds. As we
all know, it’s not such a good idea to eat food from the
floor!

The findings of the recently published study underscore that the Arctic is turning into a hotspot for
plastic pollution, and this calls urgently for precautionary measures. Even though the Arctic currently
does not have a lot of human activity, ocean currents
bring in plastic litter from areas where humans have
had greater impact.

The dominant colour of the microplastics found in
fishes was blue, similar to the colour of the zooplankton they eat. It appears likely that they mistake the
plastic material for their prey.
Microplastics can also be consumed indirectly, by
eating prey contaminated with the plastic. The fish
species that prey on zooplankton and contain micro
plastics can be eaten by top predators. This makes
them carriers of plastics within the food chain.
A major problem with microplastics is that they are
small enough to be ingested by a wide range of organisms. This can create a false sense of feeling full. If the
organisms then stop eating, they could miss out on
nutrients that they need to survive. Ingested plastic
may also injure the organisms or clog their digestive
systems.
Floating plastic debris could potentially also carry
non-native bacteria, algae and even small animals that
might threaten the biodiversity of environments they
are transported to.
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In addition, sea ice is known to be a sink for micro
plastic accumulation. As global warming continues
to contribute to melting sea ice, the amount of plastic
in the waters of the Arctic Ocean is likely to increase.
With the reduction in sea ice, the Arctic is also expected to see more human activity, such as tourism,
shipping, and fisheries. We expect this to further
exacerbate microplastic pollution in the Arctic Ocean.

FURTHER READING:
Morgana S, Ghigliotti L, Estevez-Calvar N, Stifanese R,
Wieckzorek A, Doyle T, Christiansen JS, Faimali M, Garaventa
F (2018) Microplastics in the Arctic: A case study with subsurface water and fish samples off Northeast Greenland.
Environmental Pollution 242: 1078-1086, http://doi.
org/10.1016/j.envpol.2018.08.001

FACTS ABOUT MICROPLASTICS
Microplastics (MPs) are synthetic organic polymer particles less than 5 mm in
size that may differ in shape, colour, and chemical composition. They can be
categorised as primary or secondary.
Primary MPs are used in specific personal care products (hand cleaners, facial
cleaners and toothpaste). Secondary MPs come from larger pieces of plastic that
gradually break down.
About 75-90% of the plastic debris in the marine environment has been estimated
to originate from land-based sources and 10-25% come from ocean-based sources.
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Vibeke Os // UiT The Arctic University of Norway

Confronting one of our
greatest challenges –
plastic waste in nature
The oceans are filling with plastic. The water in
some great Asian rivers is no longer visible below the
flowing mass of trash. A rare Cuvier’s beaked whale
stranded off the coast of Hordaland with its stomach
full of plastic. Plastic waste is a formidable problem –
with an unexpected possible solution.

O

ur saviours may be some little rascals with
undeservedly bad reputation – bacteria! It isn’t
that they break down plastic waste. Rather, they can
produce plastic: eco-friendly, biodegradable plastic.
PLASTIC AS A CARBON STORE
Bacteria are everywhere around us and inside us. It
turns out that something akin to plastic serves as an
energy reserve for many bacteria. Instead of storing
fat for times when food is scarce as people do, bacteria store energy as polyhydroxyalkanoate (PHA), a
polymeric compound with properties similar to those
of plastic. The PHA polymer is considered the carbon
store of bacteria. This biodegradable polymer is stored
in large depots inside the bacteria, and scientists
around the world are now showing great interest in
bacteria that produce “plastic”.

“Lots of bacteria can produce PHA,” explains researcher Hilde Hansen from the Department of
Chemistry at UiT The Arctic University of Norway. She
is the leader of the MarPlast project, funded through
the European Research Area networks initiative (ERANET). She and her research colleague Bjørn Altermark
are looking for the best “plastic-producer” among
the bacteria in the Arctic marine environment. Their
search has led them to fish farms and fish processing
plants in Troms County.
HOPING TO UTILISE FISHY WASTE
“In the last few years we’ve been looking for bacteria
that are good at producing this plastic and that can
be fed easily accessible raw materials,” says Hansen.
“We want to utilise excess raw materials that already
exist in large quantities that are readily available for
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Maybe if products were made of bacterially produced
plastic, they would decompose instead of floating
around in nature forevermore. Photo: Colourbox

large-scale production. We think it’s a very good idea,
exploiting leftovers from the fishing and fish farming
industries.”
The researchers have visited fishing villages and fish
farms, looking for bacteria that survive and thrive on
what the fish farm industries leave behind. They have
peered into nooks and crannies on boats, at docks,
warehouses, fish processing plants, fish farms, and
among seaweed and kelp. They take their samples
back to the laboratory at the Siva Innovation Centre
where scientists test which nutrients the bacteria need
in order to grow and produce and store PHA.
THREATS CAN BE MOTIVATING
The idea of creating biodegradable plastic is not new.
Scientists have known since the 1950s that bacteria

produce tiny balls of some kind of plastic. The first
attempts to exploit these polymers were made in the
1970s, but proved too costly to use on an industrial
scale.
“And it’s still an expensive process,” Altermark points
out.
He explains that this type of research has been on
hold for many years, but that the worldwide threat
now posed by plastic pollution is increasing the
amount of research funding available, and prompting
the industry to renewed efforts to produce biodegradable plastics.
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Different bacteria produce different PHAs: they use
different building blocks and the composition of the
PHA is controlled by an enzyme inside the bacteria,
which is called polymerase. In addition to searching
for the perfect bacterium, Hansen and Altermark also
study various polymerases, since the enzyme is the
motor for plastic production inside the bacteria.
The researchers want to design an enzyme that is
more efficient than the others, a super-enzyme created
to produce plastics with unique properties.

Up to 80-90% of the nutrition stored in bacteria can be “plastic”.
This electron microscopic image shows the PHA-producing bacterium
Ralstonia eutropha. The white fields are the bacteria’s PHA stores.
The American company Danimer Scientific is making plastic bottles
and straws from PHA.
Photo: Department of Chemistry, UiT The Arctic University of Norway

PACKAGING, STRAWS AND PLASTIC BOTTLES
Plastic produced by bacteria could be used for packaging and shopping bags, and could also be mixed with
other components to modify the products’ properties
and the time they take to decompose. According to
the researchers, these new biodegradable plastics
can take anywhere from months to years to break
down, but they also emphasise that the plastic doesn’t
disintegrate by itself. It needs to be introduced into
an environment where there are microorganisms that
can break it down.

Hilde Hansen and research fellow Mikkel
Christensen examine a Petri dish in the lab.
Bacteria are seeded onto Petri dishes and
different growth conditions are tested. This
is how the researchers search for b
 acterial
strains that tolerate salt, thrive on the
nutrients available from fish waste, and can

“It is just like paper towels in your kitchen. They will
last for years unless you put them in a compost heap.
There, they will decompose fairly quickly.”

be grown in the laboratory. Photo: Vibeke Os
/ UiT The Arctic University of Norway

LONG CHAINS
PHA molecules are built up in a way that allows
microorganisms to chew them to pieces. There are
several hundred varieties of PHA. One thing they all
have in common is that they consist of a number of
repeating building blocks which are linked together in
long chains.

“If we learn more about the enzyme, maybe we can
create plastics with exactly the properties we want,”
says Altermark with a smile. “Then we can choose to
make it brittle, rigid, strong or elastic. Just as an example, some surgical suture threads used at hospitals
today are made of elastic plastic that decomposes on
its own.”
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Approximately 300 bacteria have been screened for their
plastic-producing capabilities. One of the methods used is to
grow the bacteria in culture medium with dye added. Bacterial
strains that glow pink under UV light (right plate) are probably
plastic producers. Photo: UiT The Arctic University of Norway

TESTED MORE THAN 300 BACTERIA
The two researchers can dream, but a lot of hard work
remains to be done. So far, they have tested about 300
bacteria together with project partners in Bucharest
and Umeå. Each bacterial strain is cultured in bottles
or Petri dishes and examined using microscopy, spectroscopy and chromatography.
They have found 15-20 promising strains of bacteria
so far, including halophilic (salt-loving) bacteria of the
Halomonadaceae family. These bacteria thrive well in
environments with a lot of salt.
Hansen says the challenge is to find the best conditions for PHA production. What makes a bacterium
start storing carbon? We know that the relationship
between carbon and nitrogen is important, so we
want to find conditions that allow the bacteria to
thrive and grow as much as possible. We need to look
at such things as nutrition, salt concentrations and
temperatures. She sums it up this way: “Under certain
conditions, 80-90% of the cytoplasm can be PHA.
That’s where we want to be.”

Hydroxybutyrate

Hydroxy- R= 50 different building blocks
valerate

Polyester (PET)

R

Bioplastic-polymer (Polyhydroxyalkanoate)

An ordinary “fossil” plastic

Biodegradable polyhydroxyalkanoate (left) and
conventional polyester (right) are similar in structure.
The “R” group in the PHA molecule represents a wide
range of chemical substituents that can give the
polymer different characteristics. Ordinary plastic is
highly resistant to breakdown by microorganisms.

FURTHER READING:
Marplast: http://site.uit.no/marplast/
Article in Norwegian:
Biodegradable fishing nets: https://forskning.no/
hav-og-fiske-marin-teknologi/lager-selvopplosendefiskegarn/426325

Researchers Hilde Hansen and Bjørn Altermark at UiT The Arctic
University of Norway are searching the coast of northern Norway
for bacteria that can feed on marine sources such as fish scraps
from fish farming or the fishing industry.
Photo: UiT The Arctic University of Norway
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Three of the students researching plastics are (left to right) Svenja Neumann,
Ingunn Solheim Johnsen and Unni Mette Nordang. Standing behind them are
supervisors Geir Wing Gabrielsen of the Norwegian Polar Institute, and Dorte
Herzke of NILU – Norwegian Institute for Air Research.
Photo: Helge M Markusson / Fram Centre
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Helge Markusson // Fram Centre

Great interest for research
on plastic waste
There has never been more interest in researching
the effect plastic pollution has on the High North.
The institutions of the Fram Centre in Tromsø are
experiencing a rush of students wanting to pursue a
degree in the field.

“W

e could have admitted even more, that’s
how great the interest is. But the great influx
of qualified and enthusiastic students makes for
better researchers in the long term.” This is according to Dorte Herzke, senior researcher and section
leader at the Environmental Chemistry Department
at NILU – the Norwegian Institute for Air Research.
Five students are currently working towards Master’s
degrees in the field of microplastics at the Fram Centre, in cooperation with NILU, the Norwegian Polar
Institute, the Institute of Marine Research, UiT The
Arctic University of Norway, and Ghent University (the
Netherlands).
Students with supervisors from Fram Centre member
institutions have previously done research on plastic:
since 2014, the Centre has welcomed students from
Norway, Ireland, Iceland, Great Britain, the United
States and the Netherlands.

“But we’ve never before had so many at the same
time, and so many affiliated with the research
environment at UiT,” says Herzke.
NEW LABORATORIES
The growing number of students is a concrete result
of the expansion of the Fram Centre’s building in
Tromsø. In June 2018, the researchers in Tromsø
could start using three brand new laboratories situated in the new building. One of these is NILU’s environmental pollution laboratory.
“Yes, it has meant a lot. We now have room for more
students and can pay more attention to them. And
there’s a new clean room that allows us to carry out
research we couldn’t do before. This gives the Fram
Centre a competitive advantage,” says Herzke.
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Stine Benjaminsen collecting
plastic waste in Svalbard.
Photo: Adrian Kjellin

In addition, the expansion of the Fram Centre
building has given Akvaplan-niva more lab space,
which also allows them to compete for new assignments.

University of Norway and finished her Bachelor’s degree
in pollution biology last year. She is now studying for a
Master’s in marine ecology and resource biology, and is
very concerned about the effect of plastic on the environment.

NEW RESEARCH PROGRAMME
Two of the student positions are financed through
two Fram Centre research programmes, and more
positions are likely to open up later this year when
the new research programme “Plastic in the Arctic” is launched.
“This is plastic collected on beaches in Svalbard,”
says Unni Mette Nordang. She gestures towards
a few test tubes containing tiny pieces of plastic
of different colours. “Now I’m going to test it for
potential environmental pollution,” she explains.
Nordang’s Master’s studies are supported through
a partnership between NILU and UiT.
Stine Benjaminsen chimes in. “I’ve been pestering
them for a year, and finally I’m here,” she says.
Benjaminsen is associated with UiT The Arctic

“I more or less grew up by the seaside, so I’m really worried about what’s happening. There’s a lot we still don’t
know about plastic pollution,” says Benjaminsen.
INTERNATIONAL ATTENTION
The opportunities to study and do research, and the
academic environment at the Fram Centre, have drawn
international attention. Svenja Neuman from Germany,
who is normally a student at Ghent University, is now a
visiting student at the Norwegian Polar Institute, with
Geir Wing Gabrielsen as supervisor.
“I came here via Oslo and Svalbard, and I’ve settled in
really well,” says Neuman.
Gabrielsen, who also teaches at the University Centre in
Svalbard and UiT, nods at this familar story.

FRAM FORUM 2019

“I notice a huge amount of interest among students,
both nationally and internationally. There’s a great
lack of knowledge when it comes to plastic pollution,
which means it’s crucial to educate bright students
who can contribute to research, management and
enterprise in years to come,” says Gabrielsen, who
is head of the environmental pollution section at the
Norwegian Polar Institute.
TO CHINA
Shortly before this issue of Fram Forum went to
press, four students and four researchers/supervisors
travelled to Shanghai in China to collaborate with Chinese researchers and students on the topic of plastic
pollution.
The trip, financed by the Research Council of Norway
through the project PlastPoll, is a concrete result of
the Fram Centre collaboration.

Unni Mette Nordang prepares
to examine some plastic
samples.
Photo: Helge M Markusson /
Fram Centre
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“There are great challenges associated with education, monitoring and research on plastics. In China,
our students will have an opportunity to meet Chinese
students and teachers working on plastic pollution.
This visit will give us a chance to share our experiences of methods used to sample and study plastic,
as well as studying the effects of plastic pollution. The
visit to Shanghai will be useful for all of us and initiate
closer collaboration with China on this vital problem
area,” says Geir Wing Gabrielsen.
Project Manager Herzke adds: “It’s important that the
students go where the plastic is produced, and where
pollution is a major problem. By strengthening the
cooperation between Norway and China – two countries with vastly different challenges associated with
plastic pollution – we can learn a lot from each other,
including how to find solutions to this problem in the
future.”
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Angelika HH Renner and Jofrid Skarðhamar // Institute of Marine Research
Kathy Dunlop // Akvaplan-niva
Ingrid Wiedmann and Evert Mul // UiT The Arctic University of Norway

A tale of a local fjord –
investigating a marine
system in our backyard

Winter in Kaldfjorden. Photo: Angelika Renner /
Institute of Marine Research
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A cold wind gust hits our small aluminum boat, and we crash
into another rolling wave. Spray splashes up but, for once,
the cold, salty drops are welcome. Everyone in the fieldwork
team is sweaty and breathless but very much alive.
That was a close call, but we made it!
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The movement of three whales
in Kaldfjorden between 27 and
29 November 2014, in relation
to the estimated herring
biomass, and shipping and
fishing activities during the
same days. Whale movement
was reconstructed based on
GPS instruments that were
mounted with suction cups
on the whales. The herring
biomass is estimated based on
echo sounder surveys.

T

oday’s team was Angelika Renner, Zoe
Walker, Ingrid Wiedmann, and Martin Biuw.
We were out in Kaldfjord this morning to recover
a short-term sediment trap array that consists of a
surface buoy, a 130 m long rope and a 20 kg anchor
at the bottom. Cylindrical tubes are attached to the
rope at different depths; they collect the material
that sinks out of the water above over a 24-hour
period. But then, while we were hauling in the trap
array, the winch broke. Dragging up almost 50 kg of
equipment on a thin slippery rope is challenging and
quickly turned into a strength training session. Even
our boat’s helmsman Martin had to join in, but in the
end the equipment and samples were on deck. Clear
conclusion: next time we need a better winch and,
just in case, more muscle power onboard!

WHY WERE FOUR SCIENTISTS OUT IN KALDFJORD,
STRUGGLING IN THE WINTER WEATHER?
It all started in winter 2010/2011 when herring suddenly entered the local ecosystem in Kaldfjord for the
first time in years. So much herring, in fact, that their
presence affected the entire ecosystem – changing
the chemical composition of the water and attracting
hundreds of humpback, killer and fin whales, as well
as a large fishing fleet. Based on echo-sounder surveys
conducted in the Fram Centre project weShare, we
estimated the total herring biomass in the winter
2014/2015 to be 1 500 000 tonnes. This means that
about 25% of that season’s total Norwegian spring
spawning herring stock was present in Kaldfjord.
weShare data also suggest that the 400 humpback

FRAM FORUM 2019

RESEARCH NOTES

53

Some of the tools we used to investigate the Kaldfjord
ecosystem, from the echo sounder towed behind the boat,

whales, the killer whales, and the fin whales visiting
the fjord the same winter consumed about 36 000
tonnes of herring, a number very similar to the
herring catches by commercial fisheries (about
37 000 tonnes in Kaldfjord/Vengsøyfjord in winter
2014/2015). Combined, whales and fisheries took
approximately 5% of the estimated herring biomass
in Kaldfjord and Vengsøyfjord.
Prompted by the high number of whales in Kaldfjord,
more than 34 whale watching tour operators emerged
in the fjords near Tromsø between 2011 and 2016.
The increased level of activity by whale watching
vessels, numerous fishing vessels and a large number of private boats resulted in various undesirable
whale–human interactions such as ship strikes and

traps and landers deployed in the water, to tags to track
whale behaviour and movement. Diagram: Ingrid Wiedmann
/ UiT The Arctic University of Norway

entanglement in fishing gear or cables. The situation
in Kaldfjord demonstrated clearly that there is a
substantial need to assess local whale behaviour (e.g.
diving patterns) and long-term migrations to be able
to better handle whale–human interactions. Researchers in weShare contribute to this understanding in
collaboration with colleagues from the University of
St. Andrews (Scotland).
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Fast forward to July 2018. Kathy Dunlop and Paul
Renaud are out on the fjord on a beautiful summer
day, in stark contrast to the winter sampling. They are
there to retrieve the long-term sediment traps that
have been at the bottom of Kaldfjord for 10 months.
Together with colleagues from Laval University (Canada) and aided by a powerful winch and strong crew,
they quickly get their equipment out of the water,
back on deck, and to the lab.

Kathy Dunlop microprofiling a sediment core from
Kaldfjorden to examine sediment oxygen dynamics.
Photo: Marta Maria Cecchetto / Heriot Watt University

In autumn 2016, dedicated hydrographic surveys were
conducted in Kaldfjord to supplement the herring
surveys, and in 2017, two additional Fram Centre
projects joined weShare to form an integrated study
of the fjord ecosystem. The project WHALE looks into
the physical, chemical and biogeochemical processes in the water column, while the project EFFECTS,
together with the project JellyFarm, funded by the
Research Council of Norway, studies the effects of
herring and aquaculture on the benthic community.
Beyond providing a highly integrated and interdisciplinary collaboration, the projects also stand out
for the high numbers of women among the research
team, students, and early career researchers involved.
Students at all levels of education (Bachelor to PhD)
from UiT, the University of Oslo, and even the University Centre of the Westfjords in Iceland contribute
to the different projects. Several female postdoctoral
researchers took on leading roles. We thank the Fram
Centre for providing additional incentive funding to
support the training and network building of these
young scientists.

By September 2018, a year of monthly surveys, mooring deployments and recoveries, sediment coring, and
herring baiting was over: days filled with wind, waves,
and waiting for the best weather window. We have undertaken research cruises on small aluminum boats,
and on some of Norway’s largest research vessels,
including the new icebreaker RV Kronprins Haakon.
We have investigated the Kaldfjord system from the
weather at the top, through the visible and non-visible
things in the water column, to the fjord seafloor, its
bottom-dwellers and sediments. We spent many hours
in the lab analysing our samples, and even more hours
in front of a computer to make sense of the numbers.
Jofrid Skarðhamar and Qin Zhou (Akvaplan-niva) set
up two computer models of the fjord circulation to fill
in some of the gaps in our observations. The models
provide information on how the currents vary in time
and space, and how the water masses circulate in the
fjord. Combining model results with the field observations helps us understand the physical processes that
affect the transport of plankton and particle flux, and
maybe even the presence of herring and whales.
What we find is a surprisingly dynamic environment
in this relatively small fjord. Seasonality is a major
driver of the physical and biological processes in the
fjord, but already from this short study, we can see
large interannual variability. Master’s student Zoe
Walker showed how changes in weather patterns
such as winter droughts or strong unseasonal wind
events have an immediate effect on the hydrography, affecting fluxes from the surface waters to the
benthos. Organic particles sinking from the fjord
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Zoe Walker rinsing a zooplankton net.

A happy scientist: Ingrid Wiedmann and a sample from the short-term

Photo: Angelika Renner / Institute of Marine

traps after another successful deployment. Photo: Bernhard Schart-

Research

müller / UiT The Arctic University of Norway

surface provide a food supply to the fjord seafloor ecosystem and understanding the dynamics of this flux is
a key goal of both short- and long-term sediment trap
deployments. The traps have allowed us to resolve a
clear annual seasonal pattern in carbon flux, which
will prove valuable in understanding the functioning
of sub-Arctic fjord ecosystems.

Kaldfjord has great value for the inhabitants of
Tromsø and the coastal community thanks to its proximity and the recreational opportunities it offers, but
also for aquaculture, fishing and industrial activities.
Many people are very interested in our research, curious to see how our work will contribute to solutions
for more sustainable use of the fjord. Analyses of our
field and model data are yielding results, and the next
year will be spent confirming these results, and publishing and communicating them to both the scientific
and the local communities.

Postgraduate students Anouk Klootwijk and Hege
Vågen from the University of Oslo studied seafloor
communities, which rely on the particle food supply
from the water column, and their functioning in Kaldfjord. They chose to study benthic foraminifera, which
have been described as a lens into present and past
environments because foraminifera are so abundant,
widespread and sensitive to environmental changes.
Living diatoms can in addition provide us with valuable information on present-day environmental conditions, while fossilised foraminifera give clues to past
environments and allow us to examine environmental
changes over the last 120 years in Kaldfjord.

Now that the herring, the whales, the fishing fleet, and
the whale watching operators have moved on, other
fjords are experiencing a situation similar to that seen
in Kaldfjord a few years ago. Our integrated ecosystem
study in Kaldfjord can provide valuable information
for impact assessments and management in these areas. We hope it will also contribute to sustainable use
of northern fjords, allowing fish, whales, and humans
to live here together.
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Preparedness requires constant practice, like this
exercise conducted in Svalbard in 2016. Photo:
Norwegian Coastal Administration
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Øyvind Rinaldo, Rune Bergstrøm and Vivian Jakobsen //
Norwegian Coastal Administration

To the future and back:
Future governance of
environmental risk
How can we manage environmental risk across
1 979 179 km² of ocean and 100 915 km of coastline?
How can we make a contingency plan to protect this
vast area? And how can we make a new plan every
fourth year with comparable results? That’s what the
Norwegian Coastal Administration had to figure out.

I

magine that sometime in the future you want
to know about environmental risks in the coastal
area where you live. Your internet search shows you a
map with little squares in different colours. Intuitively you know that the most intense colours signal the
highest risks. You can zoom from a broad overview to
details of the coastline. Click on a square and you get
more information about the risk: ship traffic density,
types of cargo, environmental vulnerability, what species are in the area in different seasons, how vulnerable they are, and so on. A system that can do all this is
what the Norwegian Coastal Administration (NCA) is
building right now.
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THE CHALLENGE: MANAGE ENVIRONMENTAL RISK

Oil recovery operations after
MV Crete Cement ran aground

The NCA is an agency of the Norwegian Ministry of
Transport and Communications. It is responsible for
services related to maritime safety and infrastructure,
transport planning and efficiency, and emergency response to acute pollution. The Norwegian Parliament
expects the NCA to maintain preparedness against
acute pollution, and the response must be tuned to
the environmental risk at all times. With vast areas of
ocean, this is a substantial challenge.

outside Fagerstrand in 2008.
Photo: Norwegian Coastal
Administration

To calculate the risk of an acute spill from an accident
at sea one needs information about the ship (its type,
size, type and amount of cargo and bunker oil, speed,
distance from land and other ships), about conditions
(weather, visibility, time of day/year), about risks
(probabilities of collision, grounding, fire, foundering,
different types and sizes of spills), and much more.
The environmental risk related to ship accidents is the
risk of an oil spill multiplied by the consequences for
the environment. These are determined by factors
like spill size, oil type, species and ecosystem vulnerability, weather, time of year, recovery time and many
more.
Given the huge scope of the task and the data analysis
it involves, the NCA must renew its approach to environmental risk assessment. We are now replacing a
scenario-based approach with a dynamic and holistic
system, based on more detailed knowledge of the risk
for shipping accidents and environmental vulnerability. Today’s better access to digital data and computing power allows us to go digital on most of the risk
assessment process.

CONTINGENCY PLANS
The purpose of making environment
risk assessments and good forecasts for
shipping is to build contingency plans
that safeguard the environment. A good
contingency plan for the NCA covers:

• Safe navigation for ships in all Norwegian waters.
• Proper oil-spill recovery equipment in the right place at the
right time.
• Proper training of personnel.
• Proper support for operational personnel from environment
advisers and logistics.
• Proper management for an oil-spill recovery operation.
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THE ADVANTAGES OF AUTOMATION
Much of the information we need for contingency
planning is available in databases. Details about
ships’ position, course, speed and much more can be
gleaned from AIS messages (AIS=Automatic Identification System), merged with data from other sources,
and used in risk-calculating algorithms.
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Computers can be programmed to collect, arrange,
and process these data automatically. This frees
up our staff for tasks that match their competence,
and that cannot be automated. An employee who is
studying the impact of an oil spill is using her skills
much more profitably than if she were setting up data
for analysis. We want our staff to spend more time on
activities that mitigate risk.
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Better planning
tools
The new tools being developed by the
NCA will improve several aspects of
contingency planning.
• Environmental risk will be assessed
for all Norwegian waters, not just
for a few scenarios, as was previously the common way of doing risk
assessments.
Oil and ice mix after the accident involving MV Godafoss outside Fredrik-

• Contingency plans will be more
adapted to the actual environmental
risk at a specific time.
• The process of creating plans based
on the environmental risk in specific
areas will become more efficient
and accurate.
• By connecting the environmental
risk assessment with the National
Transportation Plan, it will be easier
to include environmental risk among
the criteria for prioritising projects,
thus reducing the probability of
accidents related to ship traffic.
• More people will gain more insight
when our data, tools, methods
and results are available to other
government agencies, scientific
research institutions, consultants
and the public.
• The NCA approach can be used to
improve efficiency and quality in
other fields of governance.

stad in 2011. Cleaning up oil spills in icy water is particularly difficult.
Photo: Norwegian Coastal Administration

BROADER IMPLICATIONS OF GOING DIGITAL
A digital and automated process requires accurate,
quality-controlled, up-to-date information. The data
must also be coded, stored, and presented in a consistent way. Corrupt, missing or incorrectly formatted
data could halt the analysis or give unreliable results.
This means that all our suppliers must ensure data
accuracy and quality-control from start to finish.
In other words, digitalisation and automation at
the NCA will affect other government agencies and
research institutions as well. An example: One of the
NCA’s most important suppliers of environmental data
is the Norwegian Environment Agency, which collates
information from a wide range of research institutions. When the NCA does a risk assessment, we want
to include the newest, most relevant data. Luckily,
this information is easily available through “Norge
digitalt” or “Geo Norge”. But are we getting the latest
bird and whale counts? Are we getting the latest data
on their vulnerability? These types of questions put
pressure on the Norwegian Environment Agency and
research institutions to stay on their toes.
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This schematic diagram shows how the Norwegian Coastal
Administration envisions collaborating with research i nstitutes
and other players to attain the best possible preparedness in
Norwegian waters. Diagram: Norwegian Coastal Administration;
ecosystem image: Institute of Marine Research

But there are other ramifications as well. Researchers
collect data with a specific purpose in mind. If the
data are used for a different purpose, they might give
distorted results. Hence, secondary users must learn
how data sets are built, what they are intended for,
their strengths and limitations.
When a data set has been available for a while, new
possibilities are often discovered; with a little twist,
the data can meet new needs. But in an automated
process, such twisting requires redesign and alterations of the entire data supply chain. Without cooperation between data suppliers and data customers, some
parties will experience system failures or errors.
NEW SUPPLIER–CUSTOMER RELATIONSHIPS
New dependencies in the supply chain might be a new
way of thinking for data suppliers. Even the thought
of being part of a supply chain might be a change of
paradigm. However, this is one of the implications of
digital processes in governance and other types of
business cooperation. Where the Norwegian Environment Agency used to make a data set available and be

done, they now have to consider several customers
and uses of their data. New dependencies will limit
the freedom to change the layout of a data set from
one version to the next. They might even limit the
freedom to explore new possibilities in analysis or
graphical presentation of data. Before any change is
made, some of the important users will have to be
consulted to evaluate its potential impact.
Are digital processes, automated risk assessments and
new tools a benefit to all, or will this be an undue added burden for the data owners? When we discuss with
scientists and data owners, we hear that they appreciate our use of their data; it is a confirmation that the
data are important and will usually help them get the
funding required to update and extend their data sets.
When science meets governance – when research data
are put to use in management plans and reports – this
often creates new demands for data, and new possibilities open up. Elaborating these possibilities early
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in the planning phase might lead to a better project.
Likewise, if standardised coding, storage, and formatting of data sets is implemented into the research
design, Norwegian society will save money on a more
streamlined process from research to governance.
Having a pre-planned path from research to policies
being made by the Norwegian parliament has to be a
goal for some of the research.

The methodology, data and process will be open to
scrutiny. Our intention is both to provide a useful tool,
and to receive input and ideas on how to make our
analysis and assessments better over time. Sharing
and cooperation will save money and help others with
similar needs for risk assessments. We hope that other
agencies will see new possibilities and develop other
tools or help us evolve our risk assessment tools.

A MORE OPEN GOVERNANCE

This openness will also give others insight into how
the NCA constructs its oil spill contingency plans. The
NCA believes that an open governance builds trust.

The new environmental risk assessment tool currently being developed by the NCA will be available for
other government agencies, NGOs and researchers.

One of the North Atlantic’s largest breeding populations of Brünnich’s and common guillemots faced
an acute threat when the freighter Petrozavodsk ran aground at the southern end of Bjørnøya.
Photo: Harald Steen / Norwegian Polar Institute
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Recovery operations must sometimes
be done under extremely challenging
conditions. The trawler Northguider ran
aground in Hinlopenstredet in northern
Svalbard in late December 2018. The
crew of 14 were evacuated safely by
helicopter. Within just over two weeks
– despite stormy weather, extreme
cold and the perpetual darkness of the
polar night – the ship had been emptied
of marine diesel and other hazardous
substances. Photo: Norwegian Coastal
Administration

Ongoing Work Towards
the New Governance
The NCA is conducting several projects working
together towards a digital and automated
risk assessment. The result will be a ship and
environment risk assessment tool made of three
modules. All will have a resolution of 10 × 10 km, and
coastal regions will have 1 × 1 km resolution. Values
can be aggregated to larger areas. To cover seasonal
changes, we will adopt a one-month resolution for
both historical and future assessments.
AISYRISK
AISyRisk is a module for assessing the risk related
to ship traffic. It utilises AIS-data, information about
the ship, weather data, historic accident statistics,
and advanced algorithms to calculate the probability
of ship accidents, risk of an oil spill and loss of
life. Probabilities and risks for collisions (head on,
overtaking and crossing), grounding (powered and
drifting), fire, foundering and loss of life due to
accidents are calculated.

ENVIRONMENTAL RISK (ENVIRISK)
The EnviRisk module utilises data from AISyRisk,
environmental data from havmiljo.no, other
environmental data sets, and oil drift models to
calculate environmental risk. The system will give
users the possibility to drill down from an overview
to detailed information about the area, ecosystem,
species, vulnerability and estimated recovery time.
NEW FORECASTING MODELS FOR SHIP TRAFFIC
The forecasting model currently being used by the
NCA gives a linear forecast based on economic
growth and growth in transported goods. It is
assumed (but not confirmed) that the change in
transported goods has a 1:1 relationship with
sailed distance for the appropriate ship types.
The temporal and geographic resolution cannot
provide the details we need for environmental risk
assessments. Therefore, we are looking into new
models for forecasting ship traffic. A model based
on the combination of historic AIS data, statistical
ensembles for forecasting, economic growth and
growth in transported goods is so far the best
alternative. The forecasting module is important to
foresee future risk.
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Lawrence Hislop and Gwénaëlle Hamon // CliC - The Climate and Cryosphere project of the
World Climate Research Programme

Engaging users of sea ice
forecasts to improve
next-generation products
and services
Increasing uncertainty about future sea ice conditions presents
a distinct challenge to industry, policymakers, and planners
responsible for economic, safety, and risk mitigation decisions.

T

he ability to accurately forecast the
extent and duration of Arctic sea ice on different
timescales provides significant implications for the
operation of wide-ranging Arctic maritime activities.
In the last decade, the complexity of methods used to
make sea ice predictions has increased considerably,
with many new contributions from the modelling
community. But are these developments finding their
way into better forecast products that meet the specific needs of the individual stakeholders composing
the forecast user community? What is actually needed
to ensure the safety of the crew and ships operating
in ice-covered waters, to comply with international
standards and regulations, and to enable sustainable
economic development?

To explore ways to improve the utility of sea ice
forecasts, a small group of partners (listed below) in
sea ice research and forecasting organised a workshop
during the Arctic Frontiers conference in Tromsø,
Norway in January 2018. The main goal was to bring
together sea ice forecasters and stakeholders, to have
an open discussion on what is possible to achieve with
current forecasting systems and how to better meet
stakeholders’ needs. Many other complementary projects are also focusing on this topic, and the hope is to
link communities, share workshop results, and follow
up with more dialogue.
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Sea ice chart of Svalbard
for 23 January 2018. In
contrast to forecasts,
typical ice charts like this
one are derived from nearreal-time satellite observations. Source: Norwegian
Meteorological Institute –
MET Norway Norwegian Ice
Service

OVERARCHING QUESTIONS AND WORKSHOP
FORMAT
The organising committee for the Arctic Frontiers
workshop assembled a cross-section of forecasters
from Europe and North America along with key representatives from the private sector to discuss emerging
issues and highlight opportunities. The workshop focused on creating an engaging dialogue and gathering
feedback from all participants in order to get a better
understanding of current and future user needs.
Some of the overarching questions addressed at the
workshop included:
• What is the economic value of current
forecasting systems?
• How are forecasts used in decision-making,
and if they are not used, then why not?
• What are the limits and opportunities associated
with current forecasting systems?
The half-day workshop was organised around individual presentations in the first section, to help set the

stage and introduce some key discussion items. This
part focused on the capabilities of sea ice forecasting products and was followed by presentations on
user and stakeholder needs from an operations and
management perspective. The second section was
structured around small breakout groups that discussed the overarching and more specific pre-selected
questions. The last part of the workshop was a series
of plenary presentations summing up the discussions
and conclusions.
ENSURING SAFETY NEEDS BETTER
COMMUNICATION
Paramount for all industries was ensuring the safety
of the crew and ships operating in ice-covered waters,
complying with the Polar Code, and following related international standards and regulations. The
benefits of accurate sea ice forecasts were therefore
highly valued for safeguarding the passage of vessels,
improved logistics planning and overall efficiency.
Participants noted the importance of forecasts and the
help they can provide in saving fuel and time as well
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Participants in breakout groups during the second
half of the workshop.
Photo: Lawrence Hislop / Norwegian Polar Institute

ice and overall quality of ice. There was consensus
among the participants that the human aspect of
interpreting and conveying information in the right
ways could dramatically improve these issues going
forward. Increased dialogue between forecasters and
the user community is essential for developing new
products and services that can help with short- and
long-term planning.

as in reducing costs of maintenance and insurance.
Moreover, the need for real-time information on the
current sea ice state and for small-scale and high-resolution products was highlighted. Companies ultimately need to know if they can get through a very specific
area, e.g. straits, bottlenecks and essential gateways.
Therefore, knowing the ice thickness and strength in
real time at a specific location and where the marginal
ice zone transitions into pack ice is critical to moving
ships safely and efficiently.
An overarching need identified by many of the participants centred around improved communications,
both on the technical side and regarding human
capacity/ability. North of 79° the main form of telecommunications is with Iridium technology and the
data transfer rate is only 30 kb/s – which can be very
limiting (especially for high-resolution and real-time
information). Any new forecast products or services
will need to consider these limitations. Companies
would also like more standards and agreement among
forecasters concerning how to define important parameters such as the ice edge, first-year vs multi-year

In the future, the event organisers are looking to
establish cooperation opportunities with the participants and to develop a longer-term strategy for
continued engagement between these communities.
There are many opportunities for improvements in
the reliability of sea ice forecasts and an eagerness
amongst users to help tailor products that suit their
needs. Such dialogue and enhancements should lead
to better-informed stakeholder decision-making,
safer passage of vessels and sustainable economic
development.

The following workshop sponsors
are acknowledged: University
College London (UCL), the Arctic
Research Consortium of the
United States (ARCUS), the
Norwegian Ice Service – MET
Norway, the Bjerknes Centre for
Climate Research, the Climate
and Cryosphere (CliC) project
of the World Climate Research
Programme (WCRP), EU-PolarNet
and the Research Council of
Norway.
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Ships travelling in and near
the ice require information
on sea ice that includes highresolution metrics on sea-ice
edges, drift, pressure ridges,
open water areas (leads), ice age,
ice thickness and snow depth.
This is true for both operational
vessels such as the Canadian
ore-bulk-oil carrier Arctic, and
research vessels like Lance,
seen here anchored to an ice
floe during the INTPART cruise of
2017. Photos: Tim Keane (above)
and Lawrence Hislop / Norwegian
Polar Institute (left)
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JoLynn Carroll, Starrlight Augustine and Geir Morten Skeie // Akvaplan-niva
Frode Vikebø and Daniel Howell // Institute of Marine Research
Raymond Nepstad and Ole Jacob Broach // SINTEF
Radovan Bast // UiT The Arctic University of Norway

Assessing the
consequences of oil spills
on commercial fish
The fisheries industry regularly harvests a share of managed
commercial fish stocks. Fram Centre researchers examined
the impact of oil spills on Norway’s main commercial
fisheries, the Northeast Arctic cod, using an advanced
simulation technology.

E

ach spring, northeast arctic cod (Gadus
morhua) travel from the Barents Sea to spawn
further south along the Norwegian coast from Møre
to Lofoten, releasing millions of eggs into the ocean.
These eggs then begin their own journey, developing
into fish larvae as they drift with the currents, north
and east towards the Barents Sea. The journey is perilous and their chance of survival is small. For every
million eggs, only about 800 larvae survive the first
half year. Their fate depends on the movements and
prevailing environmental conditions of the North Atlantic Current, the accessibility of prey to feed upon,
and their ability to avoid predators – including their
own species. Only about 60 per million fish larvae live
through their first year and only about 6 per million
young cod successfully enter into the Barents Sea
population at about 3 years of age.

HUMAN ACTIVITIES IN THE COD HABITAT
The Northeast Arctic cod has been commercially
fished for centuries. Its habitat overlaps with marine
areas containing more than half of Norway’s new and
unexplored petroleum resources. Norway’s marine
environmental policy aims to balance the needs of different user groups while maintaining the health of the
ecosystem. While the impact of commercial fishing is
regulated and assessed annually through monitoring
surveys, major oil spill events occur rarely, under
unique circumstances, and with complex outcomes. It
has proved challenging to apply experience acquired
from previous major oil spills to plan for and respond
to potential future spills. After the Exxon Valdez and
Deepwater Horizon oil spills, scientists recommended
the development of ecosystem-oriented s imulation
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Northeast Arctic cod (Norwegian: skrei)
Photo: Lars Olav Sparboe / Akvaplan-niva

technologies to assist with oil spill planning and
assessment. Simulation technologies provide the
quantitative capacity to examine dynamic processes
and to extrapolate from individual effects to population impacts.
SIMULATION TECHNOLOGY FOR IMPACT
A SSESSMENT
Sustainable management of the cod population requires assessment of the combined risks and impacts
from oil spills, together with losses through natural
mortality and fisheries. The simulation technology
“SYMBIOSES” was developed for this purpose by
Fram Centre partners: Akvaplan-niva (project lead),
Institute of Marine Research, SINTEF, and UiT The
Arctic University of Norway, and 13 international

 artners. The developers applied an innovative
p
strategy of linking four well tested, state-of-the-art
models into a framework, and used the latest results
from laboratory exposure studies to assess the toxic
effects of oil compounds on fish eggs and larvae. The
framework encompasses unique predictive capabilities because it is tuned with fisheries data collected
annually since 1985 as part of Norway’s stock assessment monitoring programme.
Researchers simulated over 150 major oil spills
discharging between 17 and 350 metric tonnes of oil
into the main spawning area. All scenarios start at a
vulnerable time of year: the beginning of the spawning season in late March. The scenarios include years
when the recruitment of juveniles into the Barents Sea
cod population was high, medium, and low.
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Facts about
SYMBIOSES
SYMBIOSES is an impact assessment
simulation technology for the
investigation of oil spills and their impact
on fish populations
SYMBIOSES increases scientific
understanding in support of the
ecosystem approach to marine
management
SYMBIOSES was developed by Fram
Centre partners: Akvaplan-niva (head of
project), Institute of Marine Research,
SINTEF, and UiT The Arctic University of
Norway, together with 13 international
partners
SYMBIOSES includes four state-of-the-art
models:
• oil fate and transport
• ocean dynamics
• movement and development of fish
eggs and larvae
• multi-species population interactions
SYMBIOSES has been applied to the
Northeast Arctic cod population and its
spawning areas in Lofoten–Vesterålen
SYMBIOSES will be developed for several
additional fish species (haddock, herring,
capelin, saithe, polar cod) and with
further improvements in the ecological
realism

CONSEQUENCES FOR THE COD POPULATION
Fish life history characteristics, such as egg transport, life stage duration, spawning frequency, and
spawning–recruitment relationships, determine the
resiliency of a fish species to population fluctuations.
For Northeast Arctic cod, natural causes underlie the
mortality of 99.9% of the spawned eggs. And even
though commercial fishing currently harvests about
25% of the biomass of the Barents Sea cod stock each
year, this population is among the world’s largest and
healthiest.
For the assessment of impacts from oil spills by SYMBIOSES, four different parameter sets were applied to
account for how fish eggs and larvae are affected by
exposure to lethal and sub-lethal concentrations of
toxic oil compounds. Two of the four parameter sets
had no apparent impact, while the other two sets reduced cod biomass by up to 12%. As a whole, however,
the cod population remained healthy, with a sufficient
number of juveniles surviving to replenish the population through spawning. We concluded that the diverse
age distribution and health of cod stock in the Barents
Sea renders this population resilient to the combined
losses from natural mortality, commercial fishing and
the simulated individual oil spills.
IMPACTS ON OTHER FISH SPECIES
From the beginning, the vision of SYMBIOSES was
to create an advanced simulation technology for the
assessment of oil spill impacts on the cod population
that would include greater ecological realism. The
simulated impacts on the cod population must be
applied cautiously, particularly in a management context, as simulations are inherently simplifications and
incorporate the limitations in our current understanding of complex natural processes. SYMBIOSES can
and must continuously evolve in step with the latest
research developments.
The developers plan to extend SYMBIOSES to evaluate
additional fish species. Recent scientific achievements
in the fields of marine biology, fisheries, marine
ecology, and ecotoxicology, along with more powerful
supercomputers, provide the necessary foundation to
begin working on several species: haddock, herring,
capelin, saithe, and polar cod. Extending SYMBIOSES
to more species opens the door to addressing a wider
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The model domain. The location of oil releases is 67.700N 10.841E (black star). Nine
cod spawning locations are also highlighted
(red dots). The inset graph shows the range
of losses of cod biomass resulting from the
application of four effect parameter sets
(P1-P4) to cover a wide range of uncertainty
in effects threshold values.

Conceptual representation of the SYMBIOSES
simulation technology.

range of lethal and sub-lethal effects with respect to
multi-species impacts, predator–prey interactions, and
competition, to achieve a more ecologically relevant
view of potential oil spill impacts for Norway.
Discrete advances in research knowledge and their
incorporation into decision-support simulation technologies aid our ability to synthesise and extrapolate
the understanding of how human actions translate
into environmental impacts. This in turn will allow
humans to foresee and thus better prepare for events,
consider how to modify actions, and evaluate appropriate mitigation measures should an accident occur.
These proactive measures provide practical benefits
for society and support the objective of sustainable
management for northern Norway’s marine-based
economy.

FURTHER READING:
Carroll J, Vikebø F, Howell D, Broch OJ, Nepstad R, Augustine
S, Skeie GM, Bast R, Juselius J (2018) Resiliency of a healthy
fish stock to recruitment losses from oil spills. Marine
Pollution Bulletin 126: 63-73, https://doi.org/10.1016/j.
marpolbul.2017.10.069
Update of the integrated management plan for the Barents
Sea–Lofoten area including an update of the delimitation
of the marginal ice zone Meld. St. 20 (2014–2015) Report
to the Storting (white paper) https://www.regjeringen.no/
contentassets/d6743df219c74ea198e50d9778720e5a/en-gb/
pdfs/stm201420150020000engpdfs.pdf
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Morgan L Bender and Jasmine Nahrgang //
UiT The Arctic University of Norway, Institute of Arctic and Marine Biology
Marianne Frantzen // Akvaplan-niva
Schematic diagram of the

Polar cod early life
stages up against a
changing Arctic

experimental design with water
temperatures of 0.5°C (blue
panel) and 2.8°C (red panel).
Column A) 32 incubators containing four different concentrations of dissolved crude oil
(PAHs); Column B) polar cod
eggs 15 days post fertilisation; Column C) larval length
and phenotype at hatching.
Diagram: Morgan L Bender / UiT
The Arctic University of Norway

Transparent eggs floating just beneath the ocean’s
surface signal the beginning of life for one of the
Arctic’s most abundant pelagic fish: polar cod.
Throughout the Arctic, these small fish form the basis
of many seabird, seal, and whale diets. How will the
millions of eggs and larvae handle future stressors?

T

he life of a polar cod starts during the polar
night in a cloud of eggs and sperm released by
their parents. Despite the ecological importance of
polar cod, their spawning behaviour is relatively
unknown. Fertilisation of the eggs by the highly active
sperm marks the start of a long (60-day) incubation
period at the surface of the ocean, beneath sea ice.
Upon outgrowing their protective egg shells, small
larvae wriggle out and rely on their large nutrient-rich
yolk sacs to give them time to develop and grow
before they must start to actively feed. With luck, the
timing of fertilisation and hatching puts the 5-mm
long larvae in a prime spot to feast on the spring
bloom of copepod nauplii in the upper water column.
Within months, the larvae become quicker, more
pigmented, and metamorphose into juvenile polar
cod before descending to depth as mature individuals.

DEFINING SENSITIVITY
Eggs and larvae are sensitive. They must quickly
achieve many developmental milestones, but have a
limited energy supply, and are unable to move away
from threats. The risk of embryos coming in contact
with dissolved oil components from accidental petroleum discharges or passing ships is greatest in surface
waters. Simultaneously, the extent of their habitat – sea
ice – is shrinking in the Arctic owing to warming surface waters. Even low levels of pollutants and minute
changes in temperature can have irreversible effects
on the early development of fishes. To assess the sensitivity of early life stages of polar cod from fertilisation
to active feeding, we conducted a 170-day trial where
embryos were exposed both to low levels of crude oil
dissolved in water and to water 2.3°C warmer than
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B 15 days post fertilisation
Fertilisation /
Exposure start

Experimental design of incubators

0.5 ∘C

A

500 µm

C

Larval length at hatch

5.7 ± 0.3 mm

62 days to hatch

2.8 ∘C

Increasing concentrations of crude oil

0.0 ppb PAHs

0.2 ppb PAHs

their optimal development temperature of 0.5°C. Our
aim was to assess the sub-lethal physiological and
behavioural effects that thermal stress has on the sensitivity of embryos and larvae to petroleum pollution.
HOW LOW CAN WE GO?
This study underscored the glacially slow embryonic
development of polar cod, testing the patience of even
the most dedicated researcher. Meanwhile, the water
temperatures we used were low enough to replicate
the frigid environmental temperatures where polar
cod embryos thrive. Our warmest water hovered at
a teeth-chattering 2.8°C – a “hot” temperature that
has already been seen north of the polar front in
the Barents Sea. The crude oil levels we used were
infinitesimal. Concentrations of polycyclic aromatic
hydrocarbons in the water at the beginning of the
experiment were an order of magnitude below what
has been found after accidental and experimental oil
spills in the ice – even below water quality standards
for Alaska! The polycyclic aromatic hydrocarbon levels decreased exponentially with time, reaching background concentrations by the time hatching occurred
in each temperature group.
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5.1 ± 0.6 mm

30 days to hatch

The project
Sensitivity of polar cod early life stages to
a changing Arctic: A study of the impact of
petroleum and warming (Sens2change) was
supported by the Fram Centre Flagship MIKON
2018 grant (Project Sens2change). Four Fram
Centre institutions and many national and
international partners are involved, including
UiT The Arctic University of Norway (J Nahrgang
and ML Bender), ARCEx (NFR 228107) (M
Frantzen), and the EWMA project (NFR 195160).
A visual log from the Sens2change project can
be found at:
facebook.com/Sens2change/
instagram.com/sens2change/

74

RESEARCH NOTES

FRAM FORUM 2019

B

A

2 mm

Polar cod larvae reared at 0.5°C, one month after hatching:
A) control unexposed and B) exposed to 0.1 ppb of dissolved crude oil.
Images: Morgan L Bender / UiT The Arctic University of Norway

DISENTANGLING EFFECTS
Statistical models allow us to explore the effects of
a multi-stressor experiment on many aspects of the
early biology. Temperature has a profound effect on
the timing of development for such a cold-water species. With a difference of 2.3°C, we found a full month
difference in hatching time. Our data reveal that embryos incubated at 2.8°C hatched in a less developed
state, not taking the time to develop a face and jaws
until after hatching. Larvae got their sustenance from
their large yolk reserves until they could begin active
feeding. We found that even at our miniscule exposure levels, equivalent to just 0.2 ppb of polycyclic
aromatic hydrocarbons, egg buoyancy, larval growth,
survival, onset of feeding, and behavioural response
to additional stresses were affected. Lastly, increased
prevalence of deformities and decreased feeding
activity eventually led to starvation and death several
weeks after hatching.
WHAT’S WORSE FOR POLAR COD, HEAT OR OIL?
Comparing the multigenerational, long-term changes
that a warming climate might evoke, and the possible
effects of an acute, local oil spill – studying both in the

same experiment – is not a simple task. We see that
sub-optimal (i.e. warm) temperature alters the timing
and development of polar cod and increases their sensitivity to low levels of petroleum pollution. However,
the population-wide impact of adverse effects on early
life stages of polar cod is more complex. Compared
with their bigger cousin the Atlantic cod, female polar
cod produce fewer but larger eggs – and their personal
investment is extremely high. In fact, both male and
female polar cod invest over half their body weight
into their reproductive organs as spawning nears.
Thus, polar cod may not be as resilient to having a bad
batch of eggs and larvae as other fish species, such as
Atlantic cod, who have more eggs per batch and can
spawn many times over their long life.
Polar cod in the Barents Sea have already exhibited
population decline and altered life history in warmer,
more Atlantic-influenced areas of the Arctic. Although
spawning locations may shift northward to ensure
the low temperature embryos need for development,
there is no guarantee that these areas will provide adequate nursery and feeding grounds for larvae. While
this may be speculation, the studies in our lab indicate
that in a warmer, more polluted Arctic, the early life
stages of polar cod will feel the heat.
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A local high school class visited the lab to learn about polar

PhD candidate Morgan L Bender evoking empathy for

cod and the sens2change experiment.

deformed fish at Tromsø’s Researcher Grand Prix in

Photo: Morgan L Bender / UiT The Arctic University of Norway

September 2018. Photo: Eskil Mehren / Nordlys
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Communicating the process
Spending 170 days in an Arctic-simulating wet lab
babying organisms almost too small to see may be a
common experience among polar researchers, but
we thought we should share it beyond our traditional
circles. We therefore invited several local high school
classes to join us for parts of our experiment. Four

Master’s students were involved in all aspects of
the experiment and helped manage our social media
presence on Facebook and Instagram. Additional
attention was brought to the project through
the newspaper Nordlys and through the regional
Research Grand Prix competition in Tromsø.

FURTHER READING:
Nahrgang J, Dubourg P, Frantzen M, Storch D, Dahlke F,
Meador J (2016) Early life stages of an arctic keystone species
(Boreogadus saida) show high sensitivity to a water-soluble
fraction of crude oil. Environmental Pollution 2018: 605-614,
https://doi.org/10.1016/j.envpol.2016.07.044
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Olav Sigurd Kjesbu // Institute of Marine Research

Johan Hjort: a marine
research pioneer whose
ideas still hold water
One hundred fifty years have passed since the birth of
Johan Hjort (1869-1948). Best remembered for his groundbreaking theory from 1914 on the natural fluctuations of
fish stocks, Hjort paved the way for materials and methods
that are used to this day, not least in climate studies.

J

ohan hjort was a marine zoologist, the first
head of the Norwegian Directorate of Fisheries and
an important figure in building national and international institutions. While at the Directorate, he worked
to modernise fisheries. Research was an important
element in building a useful knowledge base, and a
key tool for enhancing profitability and scaling up
the industry. Hjort’s efforts within marine research
focused on seasonal fishing for cod and herring. These
fisheries were of great economic importance to Norway and a research focus for Hjort and those who later
followed in his footsteps. As a marine scientist, Hjort
formulated bold hypotheses and made use of opportunities close to home. And he loved being at sea.

subject to natural variations has been the basis for
over a hundred years of research into which physical
and biological factors determine the size of a year’s
class, i.e. the number of new individuals who join
the fishable part of the population each year. Hjort
examined herring, cod and other codfishes in the Norwegian Sea. His theory would later be tested on other
fish stocks and species. Hjort was the mastermind, but
he conducted his research with a small group of researchers at and outside the Directorate of Fisheries,
and in collaboration with the International Council for
the Exploration of the Sea (ICES).

At the outbreak of the First World War, Hjort presented an explanation of the natural causes of the great
fluctuations in catches of fish; this led to a fundamental shift in the way we understand fish biology. His
theory that recruitment of juveniles to fish stocks is

Hjort was strongly influenced by his scientific background, his social mandate and his political views. In
a broader economic, cultural and research policy context, the ocean and fish are among several examples
of the role that science and other professions have

WHERE FISH AND SCIENCE MEET
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Johan Hjort during his time in Bergen, portrait

Talented colleagues and an intellectually stimulating environment

probably taken around 1905.

factored strongly into Hjort’s success as a researcher. In the spring

Photo: Institute of Marine Research

of 1903, he and his colleagues posed for a group photograph. Back
row left to right: Alf Wollebæk, Bjørn Helland-Hansen, and Haaken
Hasberg Gran. Front row left to right: Knut Dahl and Johan Hjort.
Photo: Institute of Marine Research

played in the emergence of modern Norway.
Marine research in Norway was influenced by the
structure of the nation’s fisheries, their economic
importance – and the biology of herring and cod. The
fisheries were vital to the national economy, especially in the 1800s. Landed catches alternated between
good years and lean years. Fishermen and scientists
asked themselves why the catches changed so much
from year to year. In Europe, the greatest concern was
for overfishing. Were the North Sea and the Baltic Sea
being overexploited? Would there soon be no fish left?
It was the search for natural explanations to the variations that brought Hjort and his older colleague Georg
Ossian Sars (1837-1927) to the forefront of research.
The Norwegian authorities feared reduced migration
of cod and herring to the coast, leading to a corresponding reduction in export earnings. The importance of fisheries on a national scale, along with senior
civil servants’ faith in the usefulness of scientific

 nquiry, explains the parliament’s decision, in 1860,
e
to fund a permanent commission tasked with researching the natural conditions that supplied fish for
the fisheries. A milestone was reached in April 1900
when the parliament created a professional trade
management office for saltwater fisheries, based in
Bergen: the Fisheries Commission (Fiskeristyrelsen).
Six years later, the Commission was renamed as the
Directorate of Fisheries (Fiskeridirektoratet).
Marine research was a unifying hub in the management of a geographically dispersed and complex
industry. Science assumed a strong position within
the Directorate, and marine research – always costly
– gained both a foothold within national institutions
and access to funding outside the meagre budgets of
academia. That strengthened the position of research.
The Directorate of Fisheries also conferred other research advantages: it had the attention of politicians,

77

78

RETROSPECTIVE

FRAM FORUM 2019

Michael Sars, Norway’s first ship specially dedicated to research, began serving
as a research vessel in 1900. Originally an English trawler, this retrofitted ship
served as a model for fisheries research vessels in all ICES’ member states. In this
photo she lies at anchor in a fjord somewhere along the Norwegian coast. It is a
holiday and flags are flying on board and ashore.
Photo: Institute of Marine Research
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Photomicrographs of scales from Atlantic herring,

Panel B shows age reading of a scale from a 10-year-

a historic scale on the left, and a modern scale on

old Norwegian spring-spawning herring. The dots

the right.

mark the winter rings.

Panel A shows the assumed relationship between

Photo: Institute of Marine Research photo archive;

the distance between winter rings and fish growth.

annotation Jostein Røttingen and Jane Aanestad

Photo: Einar Lea; inset drawing from Hjort 1914

Godiksen / Institute of Marine Research, Bergen

ensured availability and proximity of expert fishermen and seafarers, and easy access to the Northeast
Atlantic and the North Sea, as well as facilitating sea
voyages. Involvement in an international community
of professionals, specialised focus – and a revolutionary new method that cut a Gordian knot within
fishery research – also helped Norwegian marine
scientists take the lead in the international marine
research.
SIGNIFICANT SCALES

in trees. But the scales had another story to tell: the
pattern of distances between the annual rings could
also reveal a fish’s origin. We know this because of
systematic mapping done on herring in Norwegian
waters, where the question was whether herring consisted of one stock or several. The herring’s scales and
otoliths provided identical information about age, but
the zones in the scales were easier to count. In 1904,
Hjort came up with the idea that herring scales could
be used both to identify distinct herring stocks and to
determine a fish’s age.

Zoologists had known since 1900 that growth rings
could be observed on fish scales, otoliths and vertebrae. But Hjort and his colleagues were the first
to demonstrate that these rings were in fact annual
growth zones. A fish’s age could therefore be determined in the same way as one counts annual rings

Hjort’s results on herring put him at the international
forefront of marine research, as several of ICES’ European member states had significant herring fisheries.
Studying herring was one way to demonstrate the
economic benefits of marine research and focus the
field’s expertise on solving a joint problem. Hjort’s
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The Norwegian parliament agreed
to fund Michael Sars on condition
that the ship would be used to study
whales. This photo shows Johan Hjort
taking notes, probably at the whaling
base in Mehamn early in the spring
of 1901. He is standing in front of a
North Atlantic right whale (Eubalaena
glacialis). This species is currently
endangered; only about 350 individuals remain, mostly along the east
coast of the United States.
Photo courtesy of Nils Lid Hjort

assistant Einar Lea perfected the method, standardising collection and reading of results for ICES. Winter
rings were darker and more clearly delineated than
summer rings; therefore, age was read by winters.
Hjort had some luck in 1904 when nature gave the
researchers a strong year class of what is now called
Norwegian spring-spawning herring. This year class
could be monitored as a distinct peak in Hjort’s data
on catch composition.

analysis. This criticism angered Hjort – he was a temperamental person – but it probably honed the quality
of Lea’s methodological studies. It wasn’t until around
1930, that ICES (and thus also international marine research) accepted Hjort’s method. By then he had been
reading fishes’ ages in scales for a quarter of a century.
The moral of the story is that research (and, not least,
recognition) often takes many years.
THE QUESTION OF RECRUITMENT

Hjort’s focus on the scale method met with interest,
but also resistance from ICES. Especially, a group of
British zoologists objected to the idea that the zones
on the scales actually represented annual growth
rings. They also criticised Hjort and his team for a
perceived lack of competence in statistics. Most members of the Norwegian group were zoologists without
in-depth knowledge of statistics beyond descriptive

What determines recruitment into fish stocks is still
largely an unresolved question. We now know a lot
about how populations are replenished each year, but
not the degree of interaction between the countless
environmental factors that lead to a few years with
very strong year classes and another year with very
weak classes. In Hjort’s vocabulary, this is called
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Otolith from a 9-year-old Northeast Arctic cod sampled at the main spawning
ground in Lofoten in 1994. The age is revealed by the number of winter rings,
here marked by dots. Photo: Côme Denechaud; annotation Côme Denechaud
and Jane Aanestad Godiksen / Institute of Marine Research, Bergen

“natural fluctuations” or “number of offspring”. The
concept of recruitment was probably established after
1945. Research on recruitment will continue simply
because it is a key factor in predicting future stocks.
The central question is how large the recruitment will
be next year and in following years, which in turn sets
constraints on how much fishermen can harvest from
the sea, in the form of quotas.

involves countless random factors and a single minor
change can have major consequences over time.
Nevertheless, age determination will continue to be
an essential part of stock monitoring and subsequent
calculations. We need to continue monitoring the
formation and development of new year classes.

Although we currently have a vast array of tools at our
disposal – satellite observations, theoretical ecology,
genetic analysis, hydrophones on board state-of-theart research vessels, and highly complex ecosystem
models – recruitment is still poorly understood. It is
impressive how Hjort often arrived at conclusions that
would later prove to be correct, especially for northerly latitudes. Pragmatically speaking, we will probably
never fully understand the recruitment process: it

Hjort’s efforts to establish time series have had
far-reaching implications for studies of marine stock
and the environmental history of oceans and seas.
He would have been astonished if he knew how many
marine scientists have used and re-used herring scales
and otoliths.

A TREASURE CHEST OF SCALES AND OTOLITHS

Scales are still used to assess stocks of Norwegian
spring-spawning herring – a routine continuation of
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Otoliths must be extracted from the cod before they
can be studied. Senior engineer Tomas de Lange
Wenneck from the Institute of Marine Research is
hard at work during a research cruise.
Photo: Institute of Marine Research

a tradition that started in 1904. Otoliths and vertebrae are also examined to better distinguish between
different herring populations;1 for example, there
are many different populations along the coast from
the Swedish border to Troms. For scientists studying North Sea herring, checking otoliths is standard
routine – the herring population in this area is divided
into large, distinct spawning components that may
intermingle for parts of the year.
Today, Norway has the world’s longest time series
on the population size of marine fishes, represented
by spring-spawning herring and cod (skrei). This is
thanks to the targeted collection of scales and otoliths
and associated biological information – fish maturation status, weight and length – as well as good catch
statistics and monitoring of fishing activities. All this
has been going on since Hjort’s time. Fortunately, Russia began regular hydrographic measurements in the
Barents Sea in 1900, establishing the data set oceanographers call the Kola Section. This means we have two
uniquely long time series for the Northeast Atlantic
that make it possible to study and find connections
between various changes in ocean productivity.

1

The concept of population overlaps with the concept of
stock, but marine scientists often use the term stock
when referring to fish and other marine animals that are
harvested commercially.
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The Institute of Marine Research has many shelves
full of scale and otolith samples. Today’s marine
researchers can use this material to answer current
research questions – and the boxes will remain on the
shelves waiting to provide answers to questions that
have not yet been asked. Studies within theoretical
ecology have already demonstrated that populations
under heavy pressure from fishing change by means
of local adaptations. Microscopic remnants of DNA
from archived otoliths (and scales) are now being used
to clarify evolutionary (genetic) changes from the
early 1900s, when there was essentially no fishing,
through several decades of increasing harvests, to
today’s well-regulated fisheries. The University of Bergen is home to otoliths hundreds of years old and thus
important in an even longer time frame.
TIME SERIES AND CLIMATE CHANGE
Hjort and his colleagues used fish scales and otoliths
as birth certificates for fish. They could never have
imagined how this material can now be put to use in
research. Exciting new fields are opening up, such as
otolith microchemistry, where different isotopes extracted from the otoliths give clues about what a fish
has eaten, or what physical environment it lived in. If
used on selected material from the historical archives
of fish scales and otoliths, this methodology can – at
least theoretically – provide a long and truly unique biological time series. Data from time series are crucial
for scientists who wish to develop scenarios for the
future. Long time series are particularly important as
historic reference points; they provide background information that will be required to interpret the effects
of climate change, not least in the northern latitudes.

RETROSPECTIVE

PAST, PRESENT, AND FUTURE, ALL IN ONE
A little more than a hundred years ago, Hjort and his
peers gathered knowledge that forms the basis for
current marine research and fisheries management
– nationally and internationally. He was the right
man, at the right time; his social mission, proximity
to the fisheries industry, and willingness to create an
international professional community, combined with
his transformational theory and methods, laid the
foundation for Norwegian marine research.
Although Norway’s position has seen periods of progress and stagnation, Johan Hjort’s position remains
strong. Since his time, several new methods have
evolved and his theory from 1914 has been elaborated
and refined – but it has not been replaced. Hjort’s paper is now considered an international citation classic.
Marine scientists in 53 countries have referred to him,
and even now, a century later, Hjort 1914 is cited about
40-50 times a year. This is exceptional for a scientific
publication.
We celebrate the 150th anniversary of Johan Hjort’s
birth in 2019. One question for the Institute of Marine
Research/ICES anniversary in Bergen in June is whether his 1914 theory has reached the limit of its usefulness and should be replaced, or if it remains valid. Do
current fisheries research and fisheries management
need a new theory for a holistic, ecosystem-based
approach in light of climate change and the significant
alterations we expect in the marine environment?
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and Malin Andersson // Geological Survey of Norway, Trondheim

Roundness of mineral
particles in subsea tailings
from copper mining
Copper mines obviously yield copper, but they also produce
waste material – tailings – which must be disposed of
somehow. In Norway, tailings have often been dumped in
fjords as an alternative to disposal on land. The environmental
impact of this practice over time is not known.

U

lveryggen cu mineralisation in Repparfjord
within Kvalsund municipality in Arctic Norway
was discovered around 1900. Mining operations took
place from 1972 to 1978, when about 3 megatonnes
of 0.66% Cu was produced from four open pits. The
adjacent Nussir Cu ore deposit, discovered in 1979,
contains 25 megatonnes at 1.16% Cu. Tailings from
mining in the 1970s were deposited at the bottom of
Repparfjord. The same strategy is being considered
for mines to be opened in the near future. Therefore,
it is of interest to assess the environmental impact of
submarine tailings disposal.

UNDERWATER DISPOSAL OF TAILINGS
Submarine tailings disposal is the discharge of mining
tailings below sea level. Three different types can be
defined: coastal shallow-water disposal or land reclamation; submerged disposal in water shallower than
100 m; and disposal in deeper water. Norwegian authorities consider submarine tailings disposal to be a
legitimate and viable alternative to terrestrial storage.
Globally, submarine tailings disposal has been practiced on a large scale in several mines since the 1970s.
Papua New Guinea has three active sites, while Indonesia, France, Greece and Turkey all have one each.
In contrast, submarine tailings disposal is illegal in the
United States and Canada, and is considered “unsuitable” in Australia.
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Sample locations in Repparfjord, Norway
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In Norway, submarine tailings disposal has long been
used to get rid of waste from mining and ore-enriching facilities, and seven sites are currently active.
Two more mines are being planned with submarine
tailings disposal sites, one of them in Repparfjord.
Mining produces vast volumes of waste – rocks from
overburden, access tunnels, adits, and shafts – in
addition to tailings from processed ore. Tailings are
a by-product of the process of extracting ore through
crushing, milling and subsequent flotation. In copper
mining and extraction, the tailings account for as
much as 99% of the total mined ore.
The mining operation in Repparfjord will eventually
be the largest Cu-ore production facility in Europe and
is currently planned for 30 years of operation. Coarse
masses larger than 200 µm will be used in various
ways, but the plan is to dispose of the finer tailings
– about a million tonnes per year – using submarine
tailings disposal.
PARTICLE ROUNDNESS AT REPPARFJORD

Photomicrographs of recent mineral residue
from the old mine site Ulveryggen (top) and
the new mine site Nussir (bottom). Photos:
H Gautneb / Geological Survey of Norway

Marine biota that feed on the sea floor select food
particles based on characteristics such as size, specific
gravity and organic coatings. How they are affected
by mineral particles in sediments (including tailings)
depends on factors such as the particles’ shape,
angularity and roundness. To address one potentially
harmful factor, we have compared the roundness of
fresh and old tailings sampled from Repparfjord with
data on particles from recent sea floor and river sediments. The roundness of a clastic particle depends
on the sharpness of its edges and corners, and is
closely related to its surface properties. To determine
the roundness of individual sedimentary particles,
we examined electron microscopic images. By using
automated image analysis, we were able to study a
considerable number of particles.
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Inspecting a sample taken in the bottom sediment sampler. Two different
corers are seen lying on the deck of the Geological Survey of Norway
research vessel Seisma. The old processing plant in Repparfjord can be
seen in the background, and in the close-up picture to the right.
Photos: TE Finne / Geological Survey of Norway

IMPLICATIONS OF OUR RESULTS
We found that the roundness of mineral particles in tailings from the old mining operations
and from the recent test processing of ore from
Repparfjord was similar. Moreover, the roundness
of the particles in fresh tailing samples was similar
to that of particles in the recent sea floor samples
and in the riverine sediments. If the next mining
operation produces tailings with similar particle
size and roundness distribution, it is reasonable to
assume that its environmental impact will be similar too, all other things being equal. Studies like
the one described here are crucial in establishing
a baseline for future environmental monitoring of
mining operations.

FURTHER READING:
Andersson M, Finne TE, Jensen LK, Eggen
OA (2018) Geochemistry of a copper mine
tailings deposit in Repparfjorden, northern
Norway. Science of the Total Environment
644: 1219-1231, https://doi.org/10.1016/j.
scitotenv.2018.06.385
https://framsenteret.no/2018/04/fate-andimpact-of-mine-tailings-on-marine-arcticecosystems-fimita/
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“There’s great potential in using drones to monitor humpbacks and other sea creatures,” says
researcher Ana Sofia Aniceto. “The equipment can be carried to wherever you need it, and a drone
can be controlled from almost anywhere: boats, oil platforms, the shore or a bridge on the coast.
Drones are safer and easier to manoeuvre than large vessels. They don’t take much space and you
don’t need to be near an airport.” Photo: Espen Bergersen / www.NaturGalleriet.no
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Monitoring whales
with drones
Two researchers hunker by a fjord, oblivious to the
magical blue of the January twilight. All their attention
is focused on an unmanned aerial vehicle – a UAV.
Gloveless despite the bitter cold, they manipulate the
joystick and buttons on the remote control with numb
fingers, preparing the drone for take-off.

W

e are somewhere on the seaward coast of
Kvaløya, west of Tromsø. The sea is calm but
little waves lap the shore. Out in the semi-darkness of
the fjord, whales can be heard emptying their huge
lungs; killer whales and humpbacks are diving for
herring not far from shore.
A couple kilometres from the two scientists with the
drone, marine biologist Ana Sofia Aniceto sits shivering
with cold high on a rocky promontory that juts out into
the fjord. She stumbled up a twisting path by the light
of her headlamp to find the optimal lookout. She needs
to make use of what little daylight is available at this
time of year. Her task is to spot the whales with her binoculars and measure the distance to those that appear
on the water surface using her trusty geometer.

PREDETERMINED ROUTE
The drone is controlled by experienced fingers. It is
flying to the part of the fjord with the most activity;
the camera on the drone’s underside snaps a picture
every three seconds. The drone follows a predetermined route, flying in straight lines back and forth.
Aniceto is nearby, monitoring the marine mammals’
movements with her binoculars and noting their coordinates as they move majestically through the fjord,
pursuing an invisible shoal of herring.
Aniceto spent many days on the mountainside overlooking Kaldfjorden in the winter of 2014/2015. The
following spring, she analysed the coordinates she
jotted down and correlated them with the images
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Ana Sofia Aniceto, at
Akvaplan-niva, has been trying
to find a good method for
observing whales and other
sea creatures. The project’s
objective was not to study the
whales’ movements and family
life, but rather to develop a
technology to monitor marine
animals. Photo: Akvaplan-niva

taken by the drone. Come summer, she and the two
drone pilots will repeat the procedures near the island
of Ryøya, in far more inviting weather and with un
limited access to daylight.

to chart the exact coordinates where an animal was
located in the fjord and be certain that what we see
in the image is a whale and not something completely
different.”

SUPPLEMENTING EXISTING METHODS

Aniceto describes the image analysis as the most
challenging and time-consuming part of the research
task. “It took a long time,” she says with a smile. “But
there’s definitely room for improvement,” she adds
emphatically. No wonder: she analysed 4660 images
manually and identified marine animals in 288 of
them.

“Monitoring nature and wildlife is nothing new,” says
Ana Sofia Aniceto, who works at Akvaplan-niva. She
is involved in a project that tests and develops new
technology to monitor marine animals. Satellites,
weather balloons, land-based radar, aircraft and
boats have been used to map wildlife in the past, but
these methods have their limitations. Researchers are
hoping to find a way to map marine animals that can
supplement the existing methods.
THOUSANDS OF IMAGES
“We correlate and compare the pictures of each
animal with observations and distance measurements
done from shore as part of our study. That allows us

IDENTIFYING WHALES IS DIFFICULT
Northern Norway is dark in winter, even in the middle
of the day, and Ana Sofia Aniceto describes how
darkness hampers image analysis. Other factors that
influence their studies are waves and floating objects
such as seaweed, logs and debris that form clusters
in the ocean currents. Reflected sunlight also creates
some uncertainty when reading images.
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Researcher and drone
enthusiast Stian Solbø from
Norut participated in the drone
mission. He is carrying the
CryoWing Scout they used to
experiment with factors such
as flight altitude and camera
settings.
Photo: Tore Riise / Norut

Aniceto thinks drones can be used in combination
with other methods like acoustics and satellite imagery to great advantage. Drones can do things the other
methods cannot. Satellites cover a larger area, but
they are useless in cloudy weather. Acoustic methods
can locate animals that vocalise, but not all whales vocalise all the time. Eventually, the researchers hope to
develop digital tools that recognise whales in images –
and they will use a more light-sensitive camera.

FURTHER READING:
(Articles in Norwegian)
Researchers use a drone to take pictures
of seaweed and kelp (forskning.no): https://
forskning.no/niva-norsk-institutt-forvannforskning-havforskning-partner/forskararbrukar-drone-for-a-ta-bilete-av-tang-ogtare/1246497
Whale safari by satellite: https://forskning.no/
dyreverden-miljo-satellitter/hvalsafari-medsatellitter/1261503

The UAV project is supported by
ARCEx – the Research Centre for
Arctic Petroleum Exploration under
Workpackage 3 - Environmental Risk
Management. ARCEx (project page):
http://www.arcex.no/about
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The winter monitoring of reindeer on Brøggerhalvøya started in 1978 after the
reintroduction of 15 reindeer from Adventdalen. This census gives information on the total number of animals and the sex- and age distribution of the
population. In 2014, the monitoring was expanded with annual captures and
marking of females, which gives unique opportunities to compare reindeer
responses to climate change across coastal and inland populations. In Nordenskiöld Land such long-term studies have run since 1994. COAT Infrastructure funds instruments for these studies. Photo: Odd Arne Olderbakk
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Åshild Ønvik Pedersen and Virve Ravolainen //
Norwegian Polar Institute

What can 40
years of reindeer
monitoring data
tell us?
Svalbard reindeer live in the most rapidly
changing Arctic environment. The 40-year
monitoring shows population growth and
increased carrying capacity of the tundra,
but also harsher winters, greater isolation,
and population reductions. Population
developments thus diverge in the two core
monitoring regions.
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Photo: Tore Nordstad

S

valbard reindeer have attracted research interest for decades. Occasional counts and “guesstimates” of the population have been made since the
early twentieth century, but systematic population
abundance censuses did not start until the late 1970s.
These annual counts have given new insight into
many aspects of the ecology of the northernmost wild
reindeer, which inhabits a simple trophic food web,
where insects and predators have less importance
than further south.

These reindeer time series form a core of the reindeer
monitoring module of the Climate-Ecological Observatory for Arctic Tundra (COAT). The data have demonstrated that mainly density-dependent processes and
weather variability determine the number of animals.
Currently, the monitoring is being supplemented with
data on individual animals obtained from capture–
mark–recapture programmes in the coastal and inland
monitoring regions. Combined, this information has
made the Svalbard reindeer a model species to understand climate influences on Arctic herbivores.

REINDEER GROWTH RATES AND CLIMATE
Rapid, dramatic climate changes have taken place
since the monitoring started four decades ago. The
reindeer have lived through both cold, stable winters
in the 1980s, and milder, rainier winters that started
to become more frequent in the 1990s, a trend that
has accelerated rapidly into the new century. The
increased occurrence of mild, rainy winters has led
to negative growth rates through increased mortality
and reduced reproduction. This is because the plants
the reindeer eat become inaccessible – encased in
solid ice for some or all of the winter season. The reindeer population crash in Brøggerhalvøya in 1993/94,
for example, followed from a combination of heavy
rain in early winter and overgrazed pastures. The
population declined sharply to a lower level, where it
has since stabilised due to an overall long-term reduction of the carrying capacity of the tundra in this High
Arctic coastal region.
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In contrast to Brøggerhalvøya, the monitoring areas in
Adventdalen show positive reindeer population trends
over the monitoring period, despite population declines during winters with “rain-on-snow” events. In
Adventdalen, the population has nearly quadrupled,
with a record high number in 2018. Here, the higher
summer temperatures likely play an important role in
increasing the overall carrying capacity of the Arctic
tundra for grazing reindeer. Plant biomass production is highly correlated with summer temperatures.
Given that the summers continue to be warm and
there is enough rain, we can expect food resources to
remain more abundant. If autumns continue to have
less snow, the food will be available longer during the
autumn and into the winter.
The climatic drivers – warmer summers and milder
winters – will likely affect the monitored populations
in different ways and cause the contrasting population
developments in the monitoring areas. Currently, the
time series are helping us understand how climatic
drivers result in the disparate population trends seen
over the last four decades.

Abundance of Svalbard
reindeer in the core monitoring
areas of Adventdalen (summer
1979-2018) and Brøggerhalvøya
(winter 1978-2018)
(http://www.mosj.no/no/).
Note the sharp population
decrease on Brøggerhalvøya
after the rainy winter of
1993/94, and the marked
increase in Adventdalen in
recent years.
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SHIFTS IN SEASONALITY AND REINDEER
BODY MASS
The shifts in seasonality affect the reindeer in various
ways – and it all comes down to how weather variability and climate affect the food supply. Herbivores owe
their survival to plants – mosses, grasses and herbs
that are cornerstones of the tundra vegetation communities. Warmer autumns give the animals longer
snow-free seasons and better possibilities to accumulate body reserves before entering the winter, when
snow makes grazing more energy-demanding.
The capture–mark–recapture studies of female reindeer from the most productive areas in Svalbard, the
large inland valleys of Nordenskiöld Land, provide
novel knowledge on the contrasting effects of summer
and winter warming on individuals and population
dynamics. The winter body mass of the females
explained almost all variation in the between-year
fluctuations of the population growth rate because it
strongly affected reproduction, which in turn affected
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Summer monitoring of Svalbard reindeer gives research and
management information on the total number of animals and the sex
and age distribution in the population, reproduction (calf per female
rates) and mortality (carcass count). The longest time series from
Brøggerhalvøya started in 1978. Photo: Bart Peeters
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subsequent survival and recruitment. A warm October positively influenced ovulation rates and a warm
autumn was associated with higher body mass in
April, reflecting the delay in onset of winter with the
extended season for grazing without snow.
In contrast, body mass in spring was negatively related to “rain-on-snow” events. The increased reindeer
mortality in such years provides crucial food resources for the arctic fox, which may bring about cascading
impacts on other herbivores (geese and ptarmigan)
in the food web. The net outcome on individuals and
their population dynamics will depend on the relative
role of winter versus summer change.
While continued climate warming can increase the
carrying capacity of the Arctic tundra, winter processes can change the net effect of climate on reindeer
population dynamics. The more frequent ground ice
in winter, and winter warm spells that can melt away
snow and make forage more accessible, can have
differing effects depending on how much the changed
winter conditions damage the forage plants. Ultimately, the outcome for individuals and populations is
determined by the cumulative effects. To disentangle and separate the individual effects and the net
outcome on reindeer populations, both long-term
sex- and age-structured monitoring data and capture–
mark–recapture data are essential.
COAT REINDEER AND VEGETATION MONITORING
The Svalbard reindeer population was severely
depleted by hunting in the early twentieth century.
Although it recovered after becoming a protected
species in 1925, questions remain regarding the population’s robustness and ability to adapt to a completely
new climate regime and an altered Arctic tundra
landscape. Since this endemic species is a key herbivore on the Svalbard tundra, the COAT programme
has focused on monitoring the reindeer, its grazing
resources and interactions within the food web.
The reindeer monitoring addresses direct impact
pathways on reindeer survival, for example, the
effects of climate (winter versus summer warming)
and management (hunting quotas). Indirect impacts
are also studied. Changed abundance of reindeer can
affect plant communities through changed grazing
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pressure (e.g., drive the vegetation from moss- to
grass-dominated); trampling and fertilisation of the
tundra may also contribute to vegetation state changes. The module also addresses how the goose populations – which have grown substantially during the four
decades of reindeer monitoring – might compete for
vegetation resources. The vegetation monitoring links
climate-related data (e.g. temperature, snow, basal
ground ice, etc.) and time series of grazing animals,
both reindeer and geese, to the abundance of functional plant communities and key plant species.
These are examples of how the COAT programme
focuses on monitoring the herbivores, the vegetation
and the climate in an integrated manner. This broad,
integrated approach provides knowledge about the
tundra that will be crucial to management efforts. The
time series of the Svalbard reindeer are an important
part of this monitoring, and demonstrate how maintaining ecological data collection over time is important to many aspects of our understanding of Arctic
terrestrial ecosystems.

FURTHER READING:
Albon SD, Irvine RJ, Halvorsen O, Langvatn
R, Loe LE, Ropstad E, Veiberg V, Van Der Wal
R, Bjorkvoll EM, Duff EI, Hansen BB, Lee AM,
Tveraa T, Stien A (2017) Contrasting effects
of summer and winter warming on body mass
explain population dynamics in a food-limited
Arctic herbivore. Global Change Biology 23:
1374-1389, https://doi.org/10.1111/gcb.13435
Hansen BB, Grøtan V, Aanes R, Sæther BE,
Stien A, Fuglei E, Ims RA, Yoccoz NG, Pedersen
ÅØ (2013) Climate events synchronize the
dynamics of a resident vertebrate community in
the High Arctic. Science 339: 313-315
COAT https://coat.no
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Kathleen M Stafford // University of Washington
Kit M Kovacs and Christian Lydersen // Norwegian Polar Institute
Øystein Wiig // University of Oslo

Extreme diversity in the
songs of Spitsbergen’s
bowhead whales
Bowhead whales are the only “Great Whales” that live their
entire lives in the High Arctic. In the Barents Sea, this species
was hunted to the verge of extinction in the first commercial
whaling enterprise that started in the 1600s.

T

he small size of the Barents Sea bowhead
whale population, in combination with its very
tight affiliation with heavy sea-ice cover, along with
the challenges that arise due to the darkness of the
Polar Night, leave us knowing little about the status or
behaviour of the animals occupying this part of the
bowhead whale’s range. But recent studies led by the
Norwegian Polar Institute indicate that the population
numbers in the 100s, rather than the 10s, and Passive
Acoustic Monitoring (PAM) of this species, which sings
as part of its mating behaviour, has led to the discovery of a “hot-spot” in the western Fram Strait during
the winter breeding season.
EXTREME SONG DIVERSITY
In-depth analyses of three years of PAM records from
Fram Strait show that bowhead whales singing at this
site produced 184 different song types over the study
period. Most of the songs were only present for peri-

ods of hours to days, although each year a few song
types persisted throughout the winter; no song types
were documented in two different winter periods.
It is not currently known if individual males use a
single song or multiple songs during a year, or indeed,
whether they switch from day to day.
Other whale species, such as humpback whales, tend
to use one highly stereotyped song, which is sung by
the whole population at a given time, with all animals switching to a new one when a change occurs.
The song diversity seen in our bowhead whale study
is “bird-like” in its complexity. No other mammals
on the planet are known to produce such elaborate
and varied songs. Why the songs of bowheads in this
region are so complex is a mystery. The next step to
solving the mystery is to see if the extreme song complexity shown by bowhead whales in the Barents Sea
is a unique feature of this population, or whether it is
a normal trait for bowhead whales as a species.
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A bowhead whale just
beneath the surface in the
drifting pack-ice in western
Fram Strait.
Photo: Kit Kovacs and
Christian Lydersen /
Norwegian Polar Institute

Number of new songs by
month and the cumulative
number of songs sung in each
of three years by bowhead
whales in the Fram Strait.
Colours represent the three
different years of PAM records
explored in this study.

FURTHER READING:
Stafford KM, Lydersen C, Wiig Ø, Kovacs KM (2018) Extreme diversity in the songs
of Spitsbergen’s bowhead whales. Biology Letters 14: 20180056, https://doi.
org/10.1098/rsbl.2018.0056
Recordings of bowhead whale songs from this study can be heard at Dryad Digital
Library https://doi.org/10.5061/dryad.1ck400f. A sound clip is also available on
YouTube: www.youtube.com/watch?v=DyVWOlLJCu4
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Scientists sampling the first data and material for the Nansen Legacy
with RV Kronprins Haakon, August 2018.
Photo: Pål Ellingsen / University Centre in Svalbard / Nansen Legacy
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Marit Reigstad // UiT The Arctic University of Norway
Tor Eldevik // University of Bergen/Bjerknes Centre for Climate Research
Sebastian Gerland // Norwegian Polar Institute

The Nansen Legacy
Fridtjof Nansen set out to explore the Arctic Ocean with the
research vessel Fram 126 years ago. His team of explorers and
scientists returned from the ice three years later with new
knowledge that changed our concepts and understanding of the
Arctic Ocean, and made the Arctic part of Norwegian identity.

T

oday, the Arctic that nansen explored is in
many ways gone. The retreating Arctic sea ice
is an unmistakeable indicator of a changing climate.
Satellite observations document and visualise how sea
ice is shrinking and thinning, how it begins melting
earlier in spring and how autumn freeze-up is delayed. The northern Barents Sea and adjacent Arctic
stand out as a region where change is omnipresent
in the physical environment, and responses in living
Barents Sea ecosystems have already been observed.
A rapidly changing Arctic prompts research questions
of tremendous intellectual, empirical and logistical
complexity, with direct implications for management
of Norway’s marine resources and international
obligations. All this change calls for a new form of
scientific collaboration and commitment.

A DIFFERENT RESEARCH PROJECT
New knowledge about this new Arctic is urgently
needed. From a vision of increased collaboration
conceived by the Norwegian Academy of Sciences and
Letters in 2011, grew the ambition of a major national
Arctic research effort. The project – the Nansen Legacy
– has just started its six-year scientific journey to
reveal the secrets of the new emerging Arctic.
Since the project’s dimensions and ambitions went far
beyond any existing funding scheme, a new funding framework and structure had to be developed.
This was done in close collaboration between the
Norwegian Ministry of Education and Research, the
Research Council of Norway, and the institutions
involved. A cornerstone is to optimise use of available
infrastructure and focus governmental basic funding
towards a common scientific goal. The project also
contributes towards educating a new generation of
polar researchers, and benefits from the timely arrival
of RV Kronprins Haakon, Norway’s new ice-breaking
research vessel.
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A NEW ARCTIC FUNCTIONS DIFFERENTLY
The Arctic has changed substantially in recent decades. Changes in temperature, sea ice, water masses,
habitats, and ecosystem processes are pronounced
in the marine environment. Processes leading to the
changes are interconnected, some in complex ways
involving feedbacks and non-linearity. A key challenge
is that the “new Arctic” functions differently from the
Arctic we used to deal with. As an example, Arctic sea
ice has generally become much younger. First-year sea
ice differs from older ice types in terms of energy fluxes, mechanical properties and habitat functions. This
illustrates that change in one component can affect
the Arctic system in general.

The Nansen Legacy research foci centred around the
living Barents Sea. Illustration: Rudi Caeyers / UiT The

Despite a recent increase of direct observations in the
Arctic, there are still large gaps in time and space. For
example, the Arctic winter – the polar night – remains
largely unexplored. There is a general and urgent
need to link observations – and scientific disciplines
– between the physical and biological environments,
seasons and regions, and to develop common tools to
explore cause and effect.

Arctic University of Norway / Nansen Legacy

WHY THE NORTHERN BARENTS SEA?
The increasing area of open waters in the northern
Barents Sea literally opens the Arctic to newcomers.
These include sub-Arctic fish species like cod and
haddock, invasive species like the snow crab, and the
fisheries that they attract. Cargo vessels have successfully tested routes across the Arctic Ocean, and there
is still a drive to extend petroleum activities further
north. It is important that future use of this region
be based on a management strategy that is informed
by robust knowledge about the ecosystem and the
impact of human activities. Norway has a history of
sustainable and knowledge-based management in the
southwestern Barents Sea. Such a level of knowledge
of environmental conditions and changes should also
be established in the north. We specifically need to
understand how the atmosphere, sea ice, and ocean
currents and the ecosystem interact and respond.

The first Nansen Legacy joint cruise with RV Kronprins
Haakon took place in the northern Barents Sea in
August 2018, a summer when the sea ice edge and
marginal ice zone were located relatively far north.
The cruise track is in light blue; stations are marked
in pink. The background image consists of a mosaic
of SAR satellite images from Sentinel-1 (source: ESA)
for 15 and 16 August 2018, and the winter sea ice
edge for the same year (16 April 2018) from passive
microwave satellite data (source: NSIDC, Boulder,
USA). Figure credits: Anders Skoglund and Mikhail
Itkin / Norwegian Polar Institute
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THE WAY TO INCREASED UNDERSTANDING
The living Barents Sea is at the heart of the Nansen
Legacy. To understand an ecosystem and its dynamics, it is crucial to have knowledge on the biological
communities and the food webs, the interactions between organisms, their growth rates and productivity.
Organisms also depend on their physical and chemical environments – which are now changing in many
ways. A major challenge is therefore to understand
how multiple stressors like increased temperature,
acidification and contaminants together impact organisms, and how a longer ice-free season or new food
items alter the food web and impact the living Barents
Sea. New technology, such as autonomous vehicles,
can help us observe habitats in detail under the ice,
cover larger regions and provide synoptic measurements, thus improving our observational capability
and data quality.
ZOOMING IN AND SCOPING OUT
Following the retreating sea ice poleward is fundamentally about being able to zoom in and scope out
at the same time: to see what happens locally in the
present hotspot of the Barents Sea, and relate this coherently to present and future environmental change,
within the Arctic and beyond. The Nansen Legacy
will: 1) observe, in the field, what largely has not been
observed before; 2) relate a living Barents Sea in flux
to the incomplete Arctic “ground truth” that can be
determined from present knowledge; and 3) estimate
present and future climate and ecosystem states using
theory, computer models, and statistical considerations.

The Nansen Legacy aims to understand
how the climate and ecosystem function
by investigating variability in the past, and
resolving processes and interactions in
the present, to project future scenarios.
Illustration: Tor Eldevik / University of Bergen,
Bjerknes Centre / Nansen Legacy

Models, when adequate, link and synthesise incomplete observations in space and time through modelled cause-and-effect. The observational basis – the
information collected in the real world – informs
models and contributes to their improvement; models
place incomplete observations in a consistent context.
Examples during the first year of the Nansen Legacy
include: the improvement of weather forecasting by
better consideration of the actual state of the sea ice
cover; the statistical prediction of Barents Sea cod
stock into the 2020s from the presently observed state
of the ocean; and reconstruction of sea ice and ocean
climate states from sediment cores at the ocean floor,
revealing changes over the last 10 000 years.
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THE LEGACY
In the spirit of Fridtjof Nansen, who set out to understand the Arctic Ocean and how it connects across the
Arctic and to lower latitudes, the Nansen Legacy will
contribute extensive new knowledge to scope out,
integrate and connect the Barents Sea and adjacent
Arctic Ocean to the entire Arctic. The new data, observational systems, improved models and future scenar-

ios on the new Arctic the project provides will enable
future sustainable management. The Nansen Legacy
exemplifies how innovative research and science
organisation can address knowledge gaps and foster a
new generation of polar researchers – trained across
disciplines, institutions and nations – providing the
competence we need to handle the new Arctic future.

Nansen Legacy
The Nansen Legacy is a collaborative project between ten
Norwegian research institutions with Arctic marine expertise,
and with competence and perspectives including education,
management and contact with different user groups.
Project period:
Budget:
Funding:

2018-2023
740 million NOK
50% in-kind from involved institutions, 25% from
the Research Council of Norway, 25% from the
Norwegian Ministry of Education and Research
Research group: More than 130 scientists from the involved
institutions, about 50 recruitment positions
(PhD and post docs), associated members,
international collaborators
Website:
http://www.nansenlegacy.org
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Angelika HH Renner and Sigrid Lind // Institute of Marine Research
Arild Sundfjord // Norwegian Polar Institute

Warm water, fresh water,
wind and tides – ice or no
ice around Svalbard?
September onboard the research vessel Lance north of Svalbard.
Kristen, our mooring engineer, is happy. There is no sea ice to be
seen anywhere – ideal conditions to find the instruments we left
here two years ago attached to a rope, anchored to the seafloor,
and held upright under water by several buoys.

W

ithout ice, lance is free to move around
and locate the mooring using the ship’s echo
sounder. Kristen sends the command to the mooring
to let go of the anchor, and the rest of us scan the water surface. Luckily, the buoys are easy to spot when
they come up. The crew lifts everything onto the
deck, and a little later, we have two years of temperature, salinity and current data in our hands. They will
help us understand how the ocean is changing around
Svalbard.
In recent years it has become increasingly normal that
the ocean around Svalbard is free of sea ice. While
this is good news for ship traffic, fisheries, and potential other exploitation of resources around Svalbard,
a shift towards an ice-free normal can also be seen
as an alarming sign of drastic changes in the climate
system.

Svalbard is at the front between the Arctic and Atlantic domains. This is the entrance to the Arctic Ocean
where large amounts of heat are brought in with the
Atlantic Water current – a continuation of the Gulf
Stream flowing northward along the Norwegian coast
and around Svalbard. When Atlantic Water enters
the Arctic, it encounters fresher Arctic waters. Since
the Atlantic Water contains more salt and is denser,
it becomes submerged and continues into the Arctic
Ocean below the Arctic Water. This means that the
Arctic Ocean is stratified, with a cold and fresh Arctic
layer above a warm and saline Atlantic layer. The Arctic layer thus restricts the amount of heat that comes
up from below, enabling sea ice to form and persist in
cold winter conditions.

FRAM FORUM 2019

The A-TWAIN cruise, September 2017,
did eventually find some sea ice…
Photo: Angelika Renner / Institute of
Marine Research
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But these patterns are changing. New research at the
Fram Centre reveals an altered inflow of warm water
and ongoing changes to the stratification (i.e. the gradient between fresher surface layers and more saline
Atlantic Water), and emphasises how these changes
play a key role in enhanced warming and reduced sea
ice cover in this region.
North of Svalbard, Atlantic Water is carried by a narrow current along the continental slope and is pushed
below a layer of Arctic Water as it travels eastwards.
In recent years, the Atlantic Water has been able
to continue at the surface further east than before
throughout much of winter. The Fram Centre “Arctic
Ocean” Flagship project A-TWAIN has been monitoring
the Atlantic Water boundary current since 2012 using
an array of moored instruments north of Kvitøya.
Results from this project show how the heat in this
boundary current, in combination with wind-driven
mixing and tides, has contributed to keeping the region free from sea ice until the middle of winter, when
sea ice appears and a cold and fresh meltwater layer
is established. This thin layer of cold water, which can
be formed locally by sea ice melt or can be moved in
from the north by wind, protects the sea ice cover
from the Atlantic Water heat below.

Instruments waiting on the deck of RV Lance,
ready to be deployed again north of Svalbard.

The largest inflow of warm water from the North Atlantic occurs in autumn and early winter. During this
time of the year, large pulses of water with temperatures of up to 5°C arrive at the continental slope north
of Svalbard. With longer periods of open water, wind
will mix the upper part of the water column more
efficiently, and the surface will not freeze despite very
low air temperatures and the sun being below the
horizon. It is only when the temperature and volume
of incoming warm water decrease later in winter, and
the surface becomes sufficiently cold and fresh, that
sea ice forms locally, or that sea ice blown into the
region from the north, can persist and not be melted
by the Atlantic heat.

Photo: Angelika Renner/ Institute of Marine Research

Behind the front in the northern Barents Sea, the
layer of fresher Arctic waters is thicker and more
persistent than north of Svalbard: winter-cooled water
with temperatures down to freezing-point occupies
the upper 100 m of the ocean. Here, the “Arctic layer”
persists and remains cold through the summer, thereby making the conditions ready for sea ice growth
earlier in autumn and winter.
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Illustration: Reibo / Arild Sundfjord, Norwegian Polar Institute and Angelika Renner, Institute of Marine Research
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Illustration: Reibo / Arild Sundfjord, Norwegian Polar Institute and Angelika Renner, Institute of Marine Research

Illustrations: Reibo / Arild Sundfjord, Norwegian Polar Institute and Angelika Renner, Institute of Marine Research
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Illustration: Reibo / Sigrid
Lind, Institute of Marine
Research

The Institute of Marine Research together with its
Russian partner, PINRO, have been monitoring the
marine environment in the Barents Sea in late summer since 1970. A new study using this extensive set of
observations of ocean temperature and salinity shows
that vertical mixing between the Arctic and Atlantic
layers brings up heat and salt. The salt flux means that
a freshwater input is needed to sustain the freshwater reservoir and stratification. Using satellite data in
combination with the hydrographic data, the study
shows that sea ice import into the Barents Sea is the
most important freshwater source.

part of the Atlantic domain, where Atlantic Water
occupies the entire water column.

Recently, a decline in sea ice import and freshwater
input has led to a major loss of freshwater, weakened
ocean stratification and facilitated efficient vertical
mixing between the layers, resulting in an extreme
warming of the Arctic layer. This heat is then released
to the atmosphere in winter. This contributes to the
development of the Barents Sea as a hotspot of Arctic
warming, with the highest rates of atmospheric temperature rise and winter sea ice decline in the Arctic.
Unless the freshwater input recovers, the stratification
can break down and the entire region could become

As climate change is leading to a strong warming in
the Arctic, both in the ocean and in the atmosphere,
and to a drastic decline in sea ice extent in all seasons,
less sea ice is transported into the northern Barents
Sea, and local freshwater volume decreases. This in
turn allows the upper ocean to warm dramatically
from below, contributing to the fastest temperature
increase and greatest winter sea ice decline yet observed in the Arctic. North of Svalbard, the sea ice is
thinning and melting faster than before, enabling the
Atlantic Water to stay at the surface further east than

The fresh surface layer in the northern Barents Sea is
maintained by melting sea ice imported from the Arctic Ocean, and is thus thicker during summer when
more ice melts. The sea ice cover and the freshwater
layer support each other’s presence. North of Svalbard, both sea ice and the surface freshwater layer
are strongly influenced by wind, and fresh water is
brought in both through sea ice melt and by advection
from further north and east in the central Arctic.
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Atlantic Water flows into the
Arctic with the continuation
of the Gulf Stream and splits
into several smaller currents.
The star indicates where the

NORWAY

A-TWAIN array is moored north

RUSSIA

of Kvitøya.
Illustration: Reibo / Arild Sundfjord, Norwegian Polar Institute

ICELAND

and Angelika Renner, Institute
of Marine Research
Illustration: Reibo / Arild Sundfjord, Norwegian Polar Institute and Angelika Renner, Institute of Marine Research

it used to. Prolonged ice-free periods will enable more
direct influence of the wind on mixing in the ocean.
At the same time, the efficiency of tides in redistributing heat might change as stratification weakens.
It will be important to follow this region closely in
the coming years. The A-TWAIN mooring array north
of Svalbard is continuing to record the properties of
the inflowing Atlantic Water boundary current, and
new projects will help extend the array. Later in 2019,
Kristen will be back at sea to search for the moorings,
recover the instruments, and put out new moorings so
that we can slowly build up a longer time series also
in this region. The annual monitoring of the Barents
Sea by IMR and PINRO continues and is being extended with the new icebreaker RV Kronprins Haakon.
The Nansen Legacy project (see article on page 100)
expands the interdisciplinary research, enabling us
to include more chemical and biological parameters in our work, and to further investigate linkages
between the northern Barents Sea and the region
north of Svalbard, the entrance to the Arctic. With the
observed rapid climate change, will larger parts of
the Eurasian Arctic shift towards an Atlantic climate?

Will a new frontier region develop further east in the
Arctic? How will the ongoing changes affect societies
and ecosystems around Svalbard, the Barents Sea
and the Norwegian mainland? The Fram Centre with
its partner institutions and key projects are in a very
good position to take a lead in understanding how our
region will develop in the near future.

FURTHER READING:
Renner AHH, Sundfjord A, Janout MA, Ingvaldsen RB,
Beszczynska-Möller A, Pickart RS, Pérez-Hernández
MD (2018) Variability and redistribution of heat in the
Atlantic Water boundary current north of Svalbard.
Journal of Geophysical Research 123(9): 6373-6391,
doi:10.1029/2018JC013814
Lind S, Ingvaldsen RB, Furevik T (2018) Arctic warming
hotspot in the northern Barents Sea linked to declining
sea-ice import. Nature Climate Change 8: 634-639,
doi:10.1038/s41558-018-0205-y
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One of the seals instrumented in Kongsfjorden in 2012
returns to the water with the sensor attached. Photo: Kit
Kovacs and Christian Lydersen / Norwegian Polar Institute
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Alistair Everett, Jack Kohler, Arild Sundfjord, Kit M Kovacs
and Christian Lydersen // Norwegian Polar Institute

Where seals
dare
Glacier fronts along Svalbard’s coast are
dangerous places. Huge blocks of ice detach
and crash into the ocean below, making
data collection all but impossible. Now,
researchers have found a solution: attaching
sensors to ringed seals that dare to go where
humans cannot. Seals make brave research
assistants!

I

n 2012, researchers from the Norwegian Polar
Institute attached biotelemetry devices to ringed
seals (Pusa hispida) in Kongsfjorden, on the west coast
of Spitsbergen. The devices collected a vast array of
information about the seals’ behaviour, including
their location, time spent in and out of the water, and
dive information. In addition, the devices measured
the temperature and salinity of the water masses
through which the seals swam. Six years on, this
exciting dataset is still providing valuable new insights
into the seals’ behaviour and the ocean properties in
areas that have previously been difficult to access.
Kongsfjorden is a large Arctic fjord on the northwest
coast of Spitsbergen, the main island in the Svalbard
archipelago. Several large glaciers terminate in the
ocean in Kongsfjorden, the largest and deepest of
which is the shared Kronebreen–Kongsvegen glacier

114

RESEARCH NOTES

FRAM FORUM 2019

terminus. The terminus is around 3.5 km wide and
extends up to 90 m below the ocean surface to the sea
floor below.
A common feature at the terminus of Kronebreen are
muddy-red plumes of sediment that emerge immediately in front of the glacier. The plumes are formed
by glacial meltwater flowing underneath the glacier,
eroding the iron-rich Old Red Sandstone beneath the
glacier, and emerging into the ocean tens of metres
below the surface. When the meltwater emerges, it is
cold, fresh and buoyant compared to the salty, more
dense water in the surrounding ocean. The plume
therefore rises rapidly, hugging the glacier front, until
it reaches the surface.
WHY ARE PLUMES IMPORTANT?
Plumes are a common phenomenon at ocean-terminating glaciers around Svalbard and elsewhere in the
Arctic, and have recently attracted the attention of
researchers from a number of different disciplines.
For glaciologists, plumes have an important effect on
the glacier terminus. The rapidly rising water draws in
the surrounding warmer ocean water toward the front
of the glacier, dramatically increasing the submarine
melt rate and cutting deep notches into the ice. Oceanographers are interested in the large volumes of deep
water that plumes can carry up to the surface, driving
complex circulation patterns and mixing within the
fjord. Biologists have observed that seabirds, such as
black-legged kittiwakes (Rissa tridactyla) and northern
fulmars (Fulmarus glacialis), appear to use the area
where the plume reaches the ocean surface as an
important feeding ground.
But, so far, what goes on below the ocean surface
has been difficult for scientists from all disciplines to
observe. Analysis of the temperature and salinity data
collected by the ringed seals in Kongsfjorden has now
opened up a new window into this hidden world.
WHAT DATA DID THE SEALS COLLECT?
Previous research has shown that ringed seals, and
other marine mammals such as white whales (Delphinapterus leucas), spend a lot of time foraging close to
glacier termini. But the temperature and salinity profiles collected in 2012 contained a new and interesting
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Kittiwakes, fulmars and ringed seals are often seen feeding at the
terminus of Kronebreen glacier. Huge blocks of ice frequently detach and
crash into the water below. Scientists must keep a safe distance, but
ringed seals like the one in the centre of this photo are a little more bold.
Photo: Kit Kovacs and Christian Lydersen / Norwegian Polar Institute
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feature which shed light on exactly what was attracting animals to the glaciers. In amongst the many typical oceanographic profiles were profiles containing
large “spikes” of water with low temperature and low
salinity, often more than forty metres below the ocean
surface. These “spikes” are a sign of instability in the
water column due to the low salinity water in the
“spike” being less dense than the saltier water above.
This suggested that the water sampled in the “spikes”
must be moving upwards through the water column,
thus providing the first evidence that the seals had
entered the plumes.
The second indication came from the location data.
Whereas previous devices relied on the Argos satellite system, with an accuracy of less than 150 m, the
instruments used on the seals in 2012 included GPS
devices, allowing the seals’ dives to be located within
a few metres. This permitted a more detailed analysis of the seals’ dive locations close to the terminus.
Using these dive locations with a clustering algorithm,
which can identify where and when the seals were
diving in the same location, we found that the seals
were diving in specific locations along the glacier
terminus. These locations closely matched known
locations of subglacial discharge.

Measurements of salinity while the seals
were diving. Each line is a different dive.
Note the very low salinities found between
40 and 80 m depth.

The sensor is glued to the seal’s fur and will fall off
next time the animal moults. Photo: Kit Kovacs and
Christian Lydersen / Norwegian Polar Institute
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Locations of the seals’ dives. The
main image shows the density of
the seals’ dives close to the glacier
terminus. Yellow colouring shows
more than fourteen profiles collected
in that location, decreasing to two
dives in dark blue areas. Areas that
are not coloured have two or fewer
dives. The location of the plume is
visible in the inset satellite images.

WHAT CAN WE LEARN FROM THE DATA?

WHAT DOES THE FUTURE HOLD?

Analysis of the temperature and salinity properties
in the “spikes” showed that the seals collected data
consistent with concentrations of 27% subglacial discharge at sixty metres beneath the ocean surface. Previous studies found it very difficult to collect samples
from deeper than 20 metres within the plumes due
to the vigorous upwelling, and the highest concentrations of subglacial discharge were between 2 and 10%.
This new technique will help us to compare modelling
studies of plumes to the real world and improve estimates of melting and upwelling driven by the plume.

Increased surface melt and glacier runoff may initially
strengthen and prolong plumes at the glacier terminus during the melt season. However, while this may
temporarily lead to an increase in the availability of
food for top predators, it will also hasten the glacier’s
retreat. As Kronebreen retreats, it will move into progressively shallower water until it eventually becomes
land-terminating; when that happens, this important
foraging area will be lost.

The long time series of location data show that the
seals moved quickly between plumes in different locations at the glacier terminus, and that peaks in meltwater runoff from the glacier coincided with periods
during which the seals clustered closely together. This
demonstrates that the plumes play an important role
in the ecosystem close to the glacier, but also suggests
that outlets of subglacial discharge may change their
position along the terminus quickly, providing new
insight into the dynamics of the subglacial hydrology.

FURTHER READING:
Everett A, Kohler J, Sundfjord A, Kovacs KM, Torsvik T,
Pramanik A, Boehme L, Lydersen C (2018) Subglacial
discharge plume behaviour revealed by CTDinstrumented ringed seals. Nature: Scientific Reports
https://doi.org/10.1038/s41598-018-31875-8
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Halfdan H Helgason, Hallvard Strøm, Sébastien Descamps and Benjamin Merkel //
Norwegian Polar Institute
Børge Moe, Vegard Bråthen, Arnaud Tarroux and Per Fauchald //
Norwegian Institute for Nature Research
Morten Ekker // Norwegian Environment Agency

Large-scale seabird
movements throughout
the year –
SEATRACK 2014-2018
The large-scale seabird tracking programme SEATRACK has
finished its first five-year phase. The project has improved and
expanded what we know of the behaviour and distribution of
Northeast Atlantic seabirds. One key finding is that the Barents
Sea is far more important in winter than previously known.

S

eatrack was formally initiated in spring
2014. The aim of the project was to map where
seabirds that breed in colonies encircling the Barents,
Norwegian and North Seas are during the non-breeding season. This would allow us to predict how
changes in environmental conditions in wintering
areas might affect seabird demography and population trends. As long as we were unable to determine
the movements of individuals from different breeding
populations, our understanding of seabird distribution and the potential causes and consequences of
different migration strategies was severely limited.

The advent of global location sensing technology
at last gave us the tools we needed to link breeding
populations to their non-breeding habitats, knowledge that is essential for marine spatial planning and
seabird conservation. SEATRACK has also given us a
range of invaluable tools for population management
and seabird research.
Seabirds migrate and gather in colonies with no regard to national borders or jurisdictions. Consequently, the responsibility for the conservation and management of seabirds is shared among several nations.
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The Barents Sea is far more important for wintering

populations’ wintering grounds. Yellow represents data

seabirds than we previously knew. This map shows the

from populations where no such studies had previously

winter distribution (Nov-Feb) of Brünnich’s guillemots

taken place and whose wintering grounds were unknown.

as density kernels. Red represents data from colonies

Red dots mark previously established tagging sites and

included in SEATRACK where geolocator studies had been

yellow dots newly tagged colonies.

established and we already knew something about the

An estimated 26 million pairs of seabirds breed in
colonies along the coast of the Northeast Atlantic and
the European Arctic, and many species are in severe
long-term population declines. In order to predict
potential threats and assess a species’ resilience, we
need a good understanding of wintering and staging
areas and how the birds use them, which migratory
routes they follow, and how populations spread and
mix.
This was the thinking behind SEATRACK, a coordinated multi-year, multi-site and multi-species seabird

tracking effort. The project spanned 38 colonies in
five countries. Individuals of 11 seabird species were
tagged with small, lightweight archival tags, called
geolocators. Each individual’s position can be calculated twice daily using the ambient light levels recorded
by the tag, in relation to time of day. Since the tags are
archival, they must be physically recovered to obtain
data, and recapturing each tagged individual is an
interesting challenge. However, the novelty of the project lies not in the technology used, but in the large
scale and synchronicity of the deployment efforts, and
the standardised methodology.

120

RESEARCH NOTES

FRAM FORUM 2019

For example, new map products are being developed
to show habitat and abundance. The first version of
the abundance maps for six of the study species was
introduced in October 2018. These maps constitute a
new and extremely useful tool for population management and marine spatial planning and will likely
prove invaluable both in conservation efforts and
in responses to acute threats such as oil spills. The
SEATRACK web application will soon also include
abundance maps.

Seabird colonies where loggers have been deployed
on behalf of SEATRACK 2014-2018.

Over the last five years, more than 10 500 geolocators
have been deployed and so far over 4 400 have been
retrieved, shedding light on individuals’ locations
throughout the year. In early 2018, the project database held around 1.6 million raw positions comprising 3 363 annual tracks from 2 130 individuals. Data
gleaned from 1 214 loggers retrieved in 2018 have yet
to be processed into the database and will likely yield
about 2 000 additional tracks. All data currently available in SEATRACK’s database can be viewed online
in a web application http://seatrack.seapop.no/map/
which was launched in March 2017 along with the
project’s webpage http://www.seapop.no/en/seatrack.
In this freely accessible web application, users can
plot and compare the distribution kernels of various
species and/or populations in different seasons and
years. SEATRACK data can also be combined with
environmental data and population sizes and used to
predict abundance of seabirds in time and space.

To date, SEATRACK has provided unique insight into
details in the life history of different seabird populations, such as timing of migration, migration routes
and selection of overwintering areas. New information has come to light while more detailed analyses
of the data are still under way. It has become clear
that certain geographical areas are crucial to seabird
species throughout the winter or for shorter periods
in autumn. One of the most important findings so far
is that the Barents Sea is much more important as a
wintering ground – and important for more seabird
populations – than previously thought. It turns out
that huge numbers of seabirds spend the winter in
the Barents Sea, for example, the large Brünnich’s
guillemot populations from the east coast of Spitsbergen and Novaya Zemlya – populations that have never
been tracked before.
Much work remains, but at the end of 2018, the
project had run its course as originally scheduled. To
complete that work, address new questions that have
arisen, and establish new technological knowhow,
we have drawn up plans for a second phase of the
project and funding is being sought. The first phase
was financed jointly by the Ministry of Climate and
Environment, the Ministry of Foreign Affairs and the
Norwegian Oil and Gas Association, along with nine
corporations in the energy sector (Equinor, Neptune
Energy, DEA Norway, Eni Norway, ConocoPhillips,
Total, Wintershall, Aker BP and Lundin).
The programme is led by the Norwegian Polar Institute in collaboration with the Norwegian Institute for
Nature Research and the Norwegian Environment
Agency. SEATRACK involves close cooperation with
specialists in each partner country, with more than 20
participating institutions contributing to the effort.
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Predicted absolute densities (abundance) of Atlantic puffins breeding in colonies around the
Northeast Atlantic in January. The model is based on a range of environmental variables, population
sizes and SEATRACK data, weighted to cover over 90% of the Northeast Atlantic population.

A screenshot of the SEATRACK
web application (http://
seatrack.seapop.no/map/). The
winter distribution of Atlantic
puffins Nov 2015 – Jan 2016
is displayed as an example.
Different colours allow the
user to visually compare the
seasonal distributions of the
birds from different colonies
and species in different years.
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Heidi Ahonen, Christian Lydersen, Laura de Steur and Kit M Kovacs // Norwegian Polar Institute
Kathleen M Stafford // University of Washington, USA

Arctic “unicorns” –
year-round residents of
western Fram Strait
Narwhals live in ice-filled waters of the North Atlantic throughout their
lives, similar to their more widely dispersed, circumpolar relative the white
whale (or beluga whale). Most research on this remarkable High Arctic
animal has taken place in the eastern Canadian/West Greenland area.

S

atellite-tracking studies have shown that
narwhals occupy deep offshore areas in the winter and migrate into coastal areas over the continental
shelves in summer. However, in the Barents Sea region
we see them only rarely in coastal areas around Svalbard, regardless of the time of year. They are capable
of diving for an hour or more to great depths in search
of giant squid and bottom-dwelling fish. They are
quite shy, and can hear ships at great distances, so
they can easily escape detection by leaving the surface
for long periods when they choose to “disappear”.
ACOUSTIC SPYING
To learn more about the Red Listed population of
narwhal in the Barents Region, we have been “listening” for them using Passive Acoustic Monitoring (PAM)
devices. Recent analyses of several years of PAM
records from the western Fram Strait have provided
quite amazing results. Narwhal signals were detected
year-round (year after year) at a mooring site that sits
at the edge of the continental slope east of Greenland (west of Svalbard at about 79°N). Perhaps even
more surprising was the fact that the narwhal sounds

occurred more frequently when warm Atlantic Water
influxes occurred in the area.
We certainly do not have all the answers (yet) to
explain these results, but the presence of narwhal
throughout the year in western Fram Strait is likely
facilitated by the almost constant flow of drifting fields
of Arctic ice, carried southward by the East Greenland Current, creating ideal habitat all months of the
year. The increase in acoustic signalling when warm
water influxes take place might be associated with the
formation of frontal areas, which are created when
warm currents meet cold currents. Such fronts likely
concentrate narwhal prey.

FURTHER READING:
Ahonen H, Stafford KM, Lydersen C, de Steur L, Kovacs
KM (2019) A multi-year study of narwhal occurrence in
the western Fram Strait – detected via passive acoustic
monitoring. Polar Research http://dx.doi.org/10.33265/
polar.v38.3468
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Unicorns of the sea – three male narwhals travelling together

Four narwhals (lower right) moving along the edge of the

in icy waters of the Fram Strait in early fall 2018. Photo: Kit

drifting pack-ice east of Greenland. Photo: Kit Kovacs and

Kovacs and Christian Lydersen / Norwegian Polar Institute

Christian Lydersen / Norwegian Polar Institute
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Spectrogram showing
echolocation clicks and
pulsed signals of narwhal,
recorded in Fram Strait.

Narwhal acoustic signals
(hours per day, bottom) in
Fram Strait compared to
ice cover and distance to
the ice edge (top) and %
Atlantic Water in the upper
500 m of the water column
(middle).
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Ann Kristin Balto // Norwegian Polar Institute

Two towers
Two towers symbolise the Arctic
and the Antarctic when we enter the
atrium at the new Fram Centre. The
towers are a monumental 13 metres
high and 4 metres wide. With frank,
open gazes, the portraits of a man
and woman welcome visitors to
a magnificent room with a glass
ceiling. Who were these two people
who now show us the way to the
north and south poles?

HANNA RESVOLL-HOLMSEN was the first female
scientist in Svalbard. She was a botanist who hungered
for knowledge about Arctic plants. She was one of several scientists in a team of Norwegian scientists who
participated in an expedition funded by Prince Albert
of Monaco in 1907. The fieldwork she did piqued her
interest, and she returned to Svalbard the following
year with a team of geologists: Adolf Hoel, Gunnar
Holmsen and Hjalmar Johansen. Armed with her
plant press, botanist’s chest, photographic equipment,
provisions – and a rifle – she went ashore at several
locations along the west coast of Svalbard to explore
the plants. The results were published first as a thesis
on Arctic plants, and later as a book: Svalbard flora.

Botanist Hanna Resvoll-Holmsen graces the western
tower in the atrium at the Fram Centre. This picture
was taken during a book café.
Photo: Ann Kristin Balto / Norwegian Polar Institute

Hanna was a pioneer. She laid the foundation for
systematic mapping of Svalbard’s flora. She was the
first person to take colour photographs of Svalbard.
She participated in the efforts to bring Svalbard under
Norwegian sovereignty, and she fought to protect natural areas in mainland Norway and Svalbard.
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Per Savio and Ole Must participated
in Carsten Borchgrevink’s expedition to Antarctica 1898-1900.
Photo: Ellisif Wessel / Norwegian
Polar Institute

A monumental portrait of Per Savio
greets visitors as they enter the
atrium. Photo: Malin Alette Hansen /
Norwegian Polar Institute

PER SAVIO was a young man when he left his Sápmi
home and headed out on the adventure of a lifetime.
He would go as far from home as was physically possible: to the Antarctic. Per Savio was accustomed to cold
climates. Growing up in Sør-Varanger in Finnmark,
he had to know how to dress in the bitter cold. He
knew how to sew warm leather garments and skaller
(boots made from reindeer fur by the Sámi people).
He was well acquainted with snow, weather and wind;

he knew how to travel in extreme weather and in the
polar night – and he was an expert dog musher. This
expertise was useful when he tended the dogs for
the British Antarctic Expedition of 1898-1900 and the
team overwintered at Cape Adare. It was a hard winter, and lives were lost, but expedition leader Carsten
Borchgrevink later wrote that things could have gone
a lot worse without the SNOWHOW of the Sámi men.
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Hjalmar Johansen, Hanna Resvoll (later Resvoll-Holmsen)
and Gunnar Holmsen on board the expedition vessel

ANNE-KARIN FURUNES is a contemporary
Norwegian artist known for her
monumental portraits, created through
a process of perforating the surface of
metal sheets. This technique results in
haunting, confrontational images. She was
born on 26 May 1961 in Ørland, Norway,
and studied at the Royal Danish Academy
of Fine Arts in Copenhagen from 1983 to
1984, and at the National Academy in Oslo
from 1986 to 1991. Furunes is currently
a professor at the Trondheim Academy
of Fine Art in Trondheim, Norway. The
works at the Fram Centre are part of the
collection Art in Public Spaces (KORO);
Claes Sødergren was project manager.
Photo: Ann Kristin Balto / Norwegian Polar
Institute

Holmengraa in 1908. Photo: Norwegian Polar Institute

Hanna Resvoll-Holmsen and Per Savio represent the
north and the south. They are overshadowed by the
great polar heroes, but their work was central in
advancing their respective fields. Resvoll-Holmsen
was a groundbreaker in her scientific discipline, and
a pioneer among women, while Savio and others like
him provided crucial support to Norwegian polar heroes. Without their assistance, the big names among
polar explorers might never have returned from their
expeditions over a century ago.
The quest for knowledge and the work done by Hanna
Resvoll-Holmsen and Per Savio continues today,
supported by the Fram Centre. Scientists would not
survive expeditions to inhospitable areas without help
from experienced people who know their logistics.
The Fram Centre supports extensive collaborations
across various fields, disciplines and institutions.
Broad collaboration is the way to go in our quest for
more knowledge.

FRAM FORUM 2019

Per Savio was in charge of the dogs during Borchgrevink’s expedition to
Antarctica. Savio used skis to get around. Photo: Norwegian Polar Institute

The towers in the Fram Centre atrium are decorated on several sides and can be admired
from the stairways and the gangways between the buildings. The tower that symbolises
Antarctica features images of Per Savio and his dogs, and Sámi words for snow. Hanna
Resvoll-Holmsen’s botanical drawings and the plants’ latin names adorn the tower that
represents the Arctic. Photos: Ann Kristin Balto / Norwegian Polar Institute
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Synnøve Elvevold and Per Inge Myhre // Norwegian Polar Institute
Ane K Engvik // Geological Survey of Norway
Joachim Jacobs // University of Bergen

Geological
mapping
of Norway’s
least explored
mountains
Four geologists participated last winter in
the Norwegian Polar Institute’s expedition
to Norway’s Troll research station in
central Dronning Maud Land, Antarctica.
The main goal of the expedition was
geological mapping of the region’s
nunataks – mountain peaks completely
surrounded by glacier ice.

Homogenous, resistant
lithologies like syenite and
monzonite often form nearly
vertical mountainsides.
Hoggestabben is an impressive
mountain with 900 m high,
steep cliffs. Photo: Synnøve
Elvevold / Norwegian Polar
Institute
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T

he mountain range of dronning maud land
is an exposed row of nunataks that runs roughly
parallel to the edge of the East Antarctica ice sheet,
about 200 km inland. The barren nunataks of Fimbulheimen are Norway’s least explored mountains,
and probably the most spectacular. The steep rock
faces lack vegetation and are polished by the ice. The
excellent quality of the exposures provides a unique
opportunity to study the various geological processes
that have affected and formed the bedrock in Dronning Maud Land.
The purpose of the 2017-2018 expedition was to produce a new geological map of the area surrounding
the Norwegian Troll station in central Dronning Maud
Land. Mapping and thematic surveys in a claimed
territory are considered a fundamental obligation for
the claiming country. It is thus important to follow
up geoscientific activities in Antarctica by taking an
active role in geological mapping and research.
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Geological maps communicate vast amounts of geological information. The maps show the distribution of
different geological features, including rock types and
structural features such as faults, folds and foliations.
The maps also contain information about the relative
age of the rocks, as well as the relative order of geological events such as deformation, metamorphism,
intrusion of magma, erosion, and many others. Geological mapping is an interpretive, scientific process
and involves several disciplines including petrology,
geochemistry, structural geology, geochronology and
stratigraphy. The new results from the expedition will
increase our knowledge on the geology of Dronning
Maud Land, and will thus be an important contribution to management-related research and mapping in
the Norwegian polar regions.
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The massive cliff is composed of grey migmatitic gneiss and is intruded by three generations of
dikes. The black dike is deformed, whereas the
white pegmatitic dike and the horizontal brownish dike cross-cut all structures. Photo: Synnøve
Elvevold / Norwegian Polar Institute

RECONSTRUCTING ANCIENT SUPERCONTINENTS
During the Precambrian period, most or all of the
earth’s continental blocks assembled as “supercontinents”, then dispersed again. This happened several
times. The formation of large continental masses by
plate collision has resulted in major mountain ranges
and high erosion rates, and each supercontinent has
marked the start of significant global climate change.
The bedrock of Dronning Maud Land has a long and
complex geological evolution, and preserves evidence
of being part of two supercontinent configurations:
Rodinia and Gondwana. The oldest rocks in the area
formed about 1100-1200 million years ago during the
assembly of Rodinia. In the area around Troll, these
rocks are present as migmatites and granitoid gneisses. The older (Precambrian) gneisses underwent a
new episode of orogeny (mountain-building) during
the assembly of the supercontinent Gondwana 500600 million years ago. Various continental blocks
were assembled in Gondwana along a network of
mountain ranges that are known as the Pan-African
mountain belt. The mountain range that went through
East Africa and Dronning Maud Land was probably
one of the largest orogens1 on Earth, and has been
compared to today’s Himalayas.

The geology team. Left to right Joachim
Jacobs from the University of Bergen, Synnøve
Elvevold from the Norwegian Polar Institute,
Ane K Engvik from the Geological Survey of
Norway and Per Inge Myhre from the Norwe-

During this period, the bedrock of Dronning Maud
Land underwent deformation, high-temperature
transformation (metamorphism), partial melting and
formation of new crust. Thermodynamic modelling of
equilibrium phase diagrams, based on observed mineral assemblages and geochemical analyses, demonstrate that metamorphism of the gneisses took place
at temperatures between 750-850°C and at pressures
corresponding to crustal depths of about 25-30 km.
In other words, the high-temperature crust exposed
at the surface today in Dronning Maud Land reveals a

gian Polar Institute. Photo: Christina Pedersen /
Norwegian Polar Institute

1

An orogen develops when a continental plate crumples and
is pushed upward to form one or more mountain ranges.
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Norway in
Antarctica

The nunataks of Hochlinfjella consist of granite that

Dronning Maud Land comprises nearly one
sixth of the Antarctic continent, and is
seven times larger than Norway. This part of
Antarctica was annexed by Norway in January
1939, and is now one of Norway’s three
dependencies in the southern hemisphere.
Read more about the annexation here:
http://polarhistorie.no/artikler/2008/
annekteringen%20av%20dronning%20
maud%20land [Article in Norwegian]

intruded during a late stage of the Pan-African orogeny.
Note the dark weathering colour.
Photo: Joachim Jacobs / University of Bergen

deeply eroded section through the central part of
the 500-600 million year old Pan-African orogen.
Large volumes of granitoid magmas intruded the
gneisses at a later stage of the Pan-African orogeny.
The magma crystallised to form new rocks such as
granite, charnockite, syenite and monzonite. These
magmatic intrusions are massive and often form the
spectacular, jagged peaks and alpine ranges that are
so characteristic of the landscape in central part of
Dronning Maud Land. Another distinctive feature of
the granitoid rocks is the dark-brown weathering colour, which often makes them recognisable at a great
distance.
Towards the end of the Pan-African mountain-building event, the thickened crust became unstable.
Extension of the crust in Dronning Maud Land caused
rocks from deeper crustal levels to be carried to more
shallow levels. The extension (stretching) continually
occurred from crustal depths where ductile (plastic)
deformation of the rock mass takes place, towards
higher crustal levels where the rocks deform in a brittle fashion. Structures formed at the different crustal
levels can be observed as folds, shear zones and faults.

Since 1959, the entire Antarctic, including
Dronning Maud Land, is managed under
the Antarctic Treaty. The Norwegian Polar
Institute has managing authority for all
Norwegian activity in the Antarctic, and
is also the national mapping authority in
Dronning Maud Land.
Dronning Maud Land is home to Norway’s
Troll research station, which is located in
Jutulsessen, 1275 metres above sea level
at 72°S. The Norwegian Polar Institute also
operates Troll Airfield which is a 3000 m long
airfield on blue ice, a few kilometres from
Troll station.

Gondwana began to break up 180 million years ago.
The different crustal fragments drifted apart, and
most of the continents, subcontinents and islands we
now recognise, like Africa, India and Madagascar,
began to drift north towards their present location.
Today, Antarctica lies isolated around the South Pole.
The geographical isolation led to climatic cooling and
ultimately to glaciation of the southernmost continent
on Earth.
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Kenichi Matsuoka, Anders Skoglund, George Roth, Yngve Melvær and Stein Tronstad //
Norwegian Polar Institute

Quantarctica 3 released
The Antarctic Ice Sheet is huge, roughly 4000 km by 5000 km, about
43 times larger than mainland Norway. Antarctica’s interconnected
ocean, atmosphere, lithosphere, and cryosphere host myriad
food chains from plankton to top predators. To help the Antarctic
community keep track of it all, we created Quantarctica.

V

ersion 3 of the open GIS package “Quantarctica”
was released in 2018. This geospatial data package is built on the free, open-source, cross-platform
QGIS software. It is capable of operating entirely
offline (for example during Antarctic field work or a
cruise in the Southern Ocean), and includes a wide
range of cartographic basemap layers, scientific data
sets, and satellite imagery. Quantarctica was first
released in 2013. A year later, the Scientific Committee
on Antarctic Research (SCAR) designated it as an official SCAR product. Before version 3 in 2018, Quantarctica’s main users were glaciologists, because the
package included only the base map, satellite imagery,
and glaciological data.

the project’s extent and data coverage to 40°S, so that
Quantarctica is now not just for Antarctic scientists
but for sub-Antarctic and Southern Ocean scientists as
well.

In 2014, we were fortunate to receive two-year project funding from the Ministry of Foreign Affairs to
expand the data coverage and enhance the user-oriented aspects, thus making Quantarctica suitable for
a larger user community. To ensure that we collected
the most high-quality, useful, and state-of-the-art
data from a wide range of disciplines, we formed the
Quantarctica editorial board. The board selected more
than 150 peer-reviewed data sets covering glaciology,
geophysics, atmospheric science, biology, oceanography, social sciences, and more. We also expanded

Quantarctica starts with both simple and detailed
basemaps. Many features in the detailed basemap are
scale-dependent, so you can zoom to the appropriate
level of detail depending on your area of interest.
We have three sets of satellite data (Landsat, Radarsat, and MODIS) for the entire continent and for the
sub-Antarctic islands, with pixel sizes ranging from
15-125 m.

Indeed, Quantarctica is used not only by scientists but
also by environmental managers, logistics operators,
outreach specialists, and even educators in classrooms. We have Quantarctica users in most countries
that are active in Antarctica. Global mirror sites in
Hobart, Tokyo, Goa, and Minneapolis enable smoother downloads for the international community.
LET’S TAKE A TOUR OF QUANTARCTICA!

Scientific data are categorised according to various
scientific disciplines. Colours and colour ramps were
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Locations of Antarctic research
stations shown on the detailed
basemap. Users can choose which
data layers are shown by clicking
boxes in the left column.

This screenshot shows ice movement.
Slowly moving inland ice (purple, moves
only a few metres per year) is channeled
into fast-moving glaciers (blues and
greens, move 100-500 metres per year)
and flows beyond the grounding line
(white curve), becoming a floating ice
shelf. Arrows show the direction of flow.
Arrow lengths and the background colour
show the flow speed. The location of
the close-up map is shown in the panAntarctic map at the bottom left.

carefully chosen to be colourblind-friendly. Because
the power of GIS is to see multiple data sets together,
we styled the colours of relevant data layers to coordinate well together. We covered both observed and
modeled data sets, and, when possible, we included
layers representing data error so that non-specialists
can understand the quality of the data without prior
knowledge.
On the top of these layers, we have SCAR registered
names, facility names listed by the Council of Managers of National Antarctic Programs (COMNAP), a range
of latitude and longitude lines, UTM zones, and other
miscellaneous layers. Finally, all layers contain metadata, including a brief abstract for non-specialists,
information on how to cite the data, pixel resolution,
and any adjustments we made (often just a simple
re-projection of the data).

If you work with or in Antarctica, download Quant
arctica today to make maps for proposals and papers
and develop field or data acquisition plans. You are
free to add your own data sets. After work, don’t
forget to explore regions you haven’t visited before,
to find new surprises and enjoy eye-opening experiences. Even if you don’t have a professional interest
in Antarctica, try Quantarctica to see the power of
combining an integrated mapping environment with
free software. Maybe you will be inspired to develop a
similar tool for your own study area.

FURTHER READING:
Quantarctica website: http://quantarctica.npolar.no
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Per Savio collecting penguin eggs.
The two prefabricated huts, assembled into a single longhouse, can

ABOUT THE EXPEDITION

be seen in the background. These
buildings are still standing, one of
the few Norwegian cultural heritage
monuments in the Antarctic. Photo:
Carsten Borchgrevink

British Antarctic Expedition 1898-1900. The first British
voyage of discovery during the heroic golden age of Antarctic
exploration. Carsten Borchgrevink led an expedition funded
by the English publisher George Newnes. The Southern
Cross was originally a Norwegian ship. Only three of the 29
participants were British. The rest – with the exception of one
Swede – were Norwegian.
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Ann Kristin Balto // Norwegian Polar Institute

Two Sámi among penguins
in the Antarctic
A Sámi makes his way through a colony of penguins. To make sense
of this strange juxtaposition we must go back more than a century,
to 1899, when Per Savio and Ole Must spent the winter on the least
explored continent on the planet: Antarctica.

T

heir adventurous journey into the unknown
started in May of 1898. Two childhood friends,
Per Savio and Ole Must, said farewell to family and
friends in Sør-Varanger and boarded a waiting British
ship. The Southern Cross sailed south, via London
and Hobart, ultimately arriving at Cape Adare in the
Antarctic on 17 February 1899. A violent storm blew
in just days after their arrival and the ship hastily had
to put out to open sea to avoid being crushed by huge
waves. Savio and Must, who remained ashore with the
dogs, survived the storm in a lavvu, a large teepee-like
structure commonly used by the Sámi people, which
they had set up as a temporary shelter. After the storm
they managed to set up two prefabricated huts where
ten men would overwinter on a barren rocky beach
inhabited by Adélie penguins.
Per Savio and Ole Must were hired by the leader of the
expedition, Carsten Borchgrevink, to tend the dogs.
Borchgrevink’s objective was to find the magnetic
South Pole and attempt to reach the pole itself, if
possible. The expedition collected scientific data and
made the first magnetic observations on the Antarctic
mainland.

On the return voyage, Southern Cross sailed south into
the Ross Sea until they reached the edge of the ice and
discovered the Bay of Whales. Borchgrevink wanted to climb up and explore the ice shelf. Savio and
William Colbeck (the expedition’s magnetic observer)
accompanied him on the trip across the barrier by
dogsledge. Borchgrevink, Savio and Colbeck reached
78° 50′ on 17 February 1900, farther south than anyone had ever been before. This record would stand
until Scott and Shackleton surpassed it in 1902.
The Southern Cross returned to Norway in the autumn
of 1900, but the expedition received little attention.
Norwegians considered it an English expedition, and
in England, all eyes were turned to Robert Falcon
Scott and his planned expedition to Antarctica the
following year.
The Norwegian Polar Institute photo archive includes
photographs from the expedition:
www.bildearkiv.npolar.no
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Sea ice in the Arctic Ocean, Technology and Governance
Sea ice, ecosystems & models
RESEARCH AREAS/PROJECT TITLES

PARTNERS
(LEAD PARTNER FIRST)

PROJECT LEADER

E-MAIL PROJECT LEADER

ALSIM - Automised Large-scale Sea Ice Mapping

UiT, MET, NPI

Torbjørn Eltoft

torbjorn.eltoft@uit.no

ICEHOT - Processes governing variable Arctic sea ice –
the Barents Sea hotspot

IMR, UNIS, MET,
PINRO, IOPAS

Vidar Lien

vidar.lien@hi.no

Long-term variability and trends in the Atlantic Water inflow
region (ATWAIN)

NPI, IMR, UNIS, UiT,
IOPAS, etc.

Paul A Dodd

paul.dodd@npolar.no

Mesoscale modeling of ice, ocean and ecology of the Arctic Ocean

APN, IMR, NPI,
SINTEF, MET

Tore Hattermann

tore.hattermann@akvaplan.niva.no

Holocene ocean and sea ice history at north-east Svalbard –
from past to present warm extremes

NPI, UiT, UNIS,
BAS, NCAOR

Katrine Husum

katrine.husum@npolar.no

Using Tracers, Atmospheric Indices and Model Output to explain
changes in the Arctic Ocean Inflow and Outflow through Fram
Strait

NPI, NRPA, APN,
IMR, OASYS

Paul A Dodd

paul.dodd@npolar.no

ArctisMOD - follow-up

NPI, APN, NIVA

Pedro Duarte

pedro.duarte@npolar.no

Assessment of ecosystem vulnerability and functioning in
ice-affected waters - ICEEVA

IMR, UiT, UNIS/APN

L L Jørgensen

lis.lindal.joergensen@hi.no

Barents Sea harp seals in a changing Arctic

IMR, UiT, APN,
PINRO, SMR, SAMS

K T Nilssen

kjell.tormod.nilssen@hi.no

UiT, NPI, MET, WU,
SCNN

Maaike Knol

maaike.knol@uit.no

Arctic-BBNJ

UiT, IMR, FNI

Vito de Lucia

vito.delucia@uit.no

Polar ICE - Implementation, Compliance and Enforcement
of the Polar Code in Arctic waters

NORUT, UiT, APN,
Nord Uni, Kingston

Anne Katrine Normann

anno@norceresearch.no

A-LEX review

APN, UiT, Marintek

L H Larsen

Lars@akvaplan.niva.no

Ice floe interaction with ships and waves - IFiSaw

SINTEF, UiT,
Northshore

Karl Gunnar
Aarsæther

Karl.Gunnar.Aarsather@sintef.no

Arctic Ocean Monitoring using automated unmanned marine
vehicles - workshop

APN, UiT, NPI etc.

Lionel Camus

lionel.camus@akvaplan.niva.no

Drivers and development of new industries
Information systems in the Arctic Ocean

Regimes for sustainable development

Technology

Dissemination
RESEARCH AREAS/PROJECT TITLES

PARTNERS

PROJECT LEADER

E-MAIL PROJECT LEADER

X-2068

Ice-9, several Fram Centre
partners, Polaria, etc.

Christine Cynn

christine@ice-9.no

RESEARCH AREAS/PROJECT TITLES

PARTNERS
(LEAD PARTNER FIRST)

PROJECT LEADER

E-MAIL PROJECT LEADER

Coordination, events, outreach, information

NPI, UiT, SINTEF

Arild Sundfjord

arild.sundfjord@npolar.no

Flagship common activities
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Effects of climate change on sea and
coastal ecology in the North
RESEARCH AREAS/PROJECT TITLES

LEAD PARTNER

PROJECT LEADER

E-MAIL PROJECT LEADER

EFFECTS: Examining the role of Fish-Falls on ECosystem
processes in highly exploiTed fjord Systems

APN

Paul Renaud

paul.renaud@akvaplan.niva.no

Marine snow. Pelagic-benthic coupling, and the impact of the
harpacticoid copepod Microsetella norvegica, and other agents in
a high-latitude fjord (MICROSNOW)

UiT

Camilla Svensen

camilla.svensen@uit.no

Population abundance estimation of harbor porpoise from multi-type survey data (MULTI-PORPOISE)

IMR

Arne Bjørge

arne.bjoerge@hi.no

The impact of oceanic inflow and glacial runoff on the carbon
budget in Kongsfjorden using field and model data (KongCarbon)
– Phase II

IMR

Melissa Chierici

melissa.chierici@hi.no

Drivers of fish extinction and colonization on oceanic banks
(DRIVEBANKS): adding management and social dimensions

NINA

Kari Ellingsen

Kari.Ellingsen@nina.no

Impact of massive Winter Herring Abundances on the KaLdfjorden
Environment (WHALE)

IMR

Angelika Renner

angelika.renner@hi.no

Arctic harmful algae biosensor

APN

Lionel Camus

lionel.camus@akvaplan.niva.no

The new generation of Calanus finmarchicus: estimating
population recruitment from egg production rates and gonad
stage analysis off northern Norway (GONAD)

APN

Claudia Halsband

claudia.halsband@akvaplan.niva.
no

The role of harbour porpoise in Norwegian coastal marine
communities

IMR

Ulf Lindstrøm

ulf.lindstroem@hi.no

weShare – Ecological and commercial implications of extreme
winter arrivals of herring and whales into North-Norwegian fjord
systems

IMR

Martin Biuw

martin.biuw@hi.no

Meroplankton biodiversity, seasonal dynamics and function in
high latitude coastal ecosystems

UNIS

Janne Søreide

janne.soreide@unis.no

Mapping sea ice

NPI

Sebastian Gerland

gerland@npolar.no

Climate-driven regime shifts in arctic rocky-bottom
communities: Causation and implications for ecosystem
functioning

UiT

Raul Primicerio

raul.primicerio@uit.no

Seabird habitat use and migration strategies

NINA

Børge Moe

borge.moe@nina.no

Urban kittiwakes: building artificial nestsites in Tromsø

NINA

Tone Reiertsen

tone.reiertsen@nina.no

Exploring the effects of sea ice variability on the downward flux
of biogenic particles in Svalbard fjords

UNIS

Janne Søreide

janne.soreide@unis.no

RESEARCH AREAS/PROJECT TITLES

PARTNERS

PROJECT LEADER

E-MAIL PROJECT LEADER

Outreach activities: combining classic approaches and innovative
outreach program integrating research, outreach and education

APN

Perrine Geraudie

perrine.geraudie@akvaplan.niva.no

X-2068

Ice-9

Anneli Stiberg

anneli@ice-9.no

Dissemination
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Effects of climate change on terrestrial ecosystems,
landscapes, society and indigenous peoples
Vegetation Transitions and Herbivores Impacts
RESEARCH AREAS/PROJECT TITLES

PARTNERS
(LEAD PARTNER FIRST)

PROJECT LEADER

E-MAIL PROJECT LEADER

After the Pest

NINA, UiT

Jane Jepsen

jane.jepsen@nina.no

Moose in Finnmark

NIBIO, NINA, UiT

Erling Meisingset

erling.meisingset@nibio.no

ECOGEN

UiT, NIBIO

Dilli Prasad Rijal

kari.brathen@uit.no

UAV Vegetation Mapping

NORUT, NIBIO

Corine Davids

corine.davids@norut.no

Effects of Changing Seasonality and Extreme Events
Remote sensing

NIBIO, NORUT, UiT

Marit Jørgensen

Marit.Jorgensen@nibio.no

Growth and Decay

UiT, NINA, NORUT

Elisabeth Cooper

elisabeth.cooper@uit.no

Reindeer Health

UiT, VET, NINA,
NORUT

Morten Tryland

morten.tryland@uit.no

Adaptive Capacity in Local Communities and among Indigenous Peoples
LUMANOR

NIKU, UiT, NMBU

Stine Barlindhaug

stine@fam-barlindhaug.no

Socio-ecological modelling

NINA, NIKU, NMBU

Bård-Jørgen Bårdsen

bard.jorgen.bardsen@nina.no

Adaptive Management of Ecosystem Services
Esarctic

UiT, NINA

Vera Hausner

vera.hausner@uit.no

SUSTAIN

UiT, NPI, NINA

John-Andre Henden

john-andre.henden@uit.no

WETLANDS

NINA, UiT, NMBU

Jarle Bjerke

jarle.bjerke@nina.no

COAT

UiT, NINA, NPI,
UNIS, MET

Rolf Anker Ims

rolf.ims@uit.no

Yamal Ecosystem

UiT, NPI, NINA

Dorothee Ehrich

dorothee.ehrich@uit.no

Frame-by-Frame

NINA, UiT

Jane Jepsen

jane.jepsen@nina.no

Svalbardreinen

NPI

Åshild Ønvik Pedersen

ashild.pedersen@npolar.no

X-2068

Ice-9, Polaria, Fram
Centre

Cristine Cynn

info@ice-9.no

Climate Impact Observation Systems

Scientific communication
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MIKON – Environmental consequences of
industrial development in the North
Knowledge basis for ecosystem-based management
RESEARCH AREAS/PROJECT TITLES

PARTNERS
(LEAD PARTNER FIRST)

PROJECT LEADER

E-MAIL PROJECT LEADER

Ocean Health in Transition

NINA, UiT, NIVA,
IMR, Nofima

Per Fauchald

per.fauchald@nina.no

Oil Spill Modelling in Ice Covered Ocean – and environmental
consequences (OSMICO)

MET, APN

Lars R Hole

lrh@met.no

Managing Variable Environmental Values

NPI, IMR

Ellen Øseth

ellen.oseth@npolar.no

Does aquaculture act as a source of micro- and macro plastic in
the Arctic? – A pilotstudy (Aqua-Plast)

NILU, APN, IMR

Dorte Herzke

dorte.herzke@nilu.no

How to avoid conflicts between wild and farmed salmonids?
-Finding good locations for aquaculture

APN, UiT, IMR

Jenny L A Jensen

jen@akvaplan.niva.no

Soundscapes in a Changing Arctic – Noise and Biota (SCAN-B)

NPI, UNIS, UiT

Kit M Kovacs

kit.kovacs@npolar.no

and elevated temperature (Sens2change)

UiT, APN, SINTEF,
UNIS

Jasmine Nahrgang

jasmine.m.nahrgang@uit.no

Pollutant Availability and Mobility in Environmental Risk
Assessment management tools (PAMERA)

APN, UiT, UNIS

Kristine B Pedersen

kbo@akvaplan.niva.no

Seabird moulting and chick rearing area in relation to planned oil
activity in the southeastern Barents Sea

NINA, NPI, IMR

Kjell Einar Erikstad

kjell.erikstad@nina.no

Development of MODel for prediction of Eutrofication and
SedimenTation from fish cage farms

APN, NORUT, UiT,
NIVA

Ole Anders Nøst

oan@akvaplan.niva.no

Consequences for organisms and ecosystems

Sensitivity of polar cod early life stages to a changing Arctic:
A study of the impact of petroleum

Integrated studies of environmental consequences
Indigenous-industry governance interactions in the Arctic.
Environmental impacts and knowledge basis for management
(IndGov)

UiT, NIKU

Camilla Brattland

camilla.brattland@uit.no

The impact of extractive industries and tourism on
socio-ecological dynamics in the Arctic

UiT, NINA

Vera Helene Hausner

vera.hausner@uit.no

Productivity effects in reindeer from changes in human land use
– improving snow and vegetation map layers to facilitate
sustainable land use

NINA, NMBU, UiT

Audun Stien

audun.stien@nina.no

Ecosystem services and coastal governance

NIKU, Nofima

Alma Thuestad

alma.thuestad@niku.no
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Hazardous substances – effects on ecosystems
and human health
Multiple stressors- combined impact of contaminants and climate change - birds
RESEARCH AREAS/PROJECT TITLES

PARTNERS
(LEAD PARTNER FIRST)

PROJECT LEADER

E-MAIL PROJECT LEADER

Multi-stress relationships in seabird populations: interactions
between natural stressors and environmental contaminants

NINA, APN, NPI,
NILU, UiT

Jan Bustnes

jan.bustnes@nina.no

Impacts of environmental contaminants and natural stressors on
northern raptors: RAPTOR

NINA, NILU

Jan Bustnes

jan.bustnes@nina.no

Habitat and dietary specific accumulation of methylmercury in
Arctic charr

NIVA, APN, NINA,
UiT

H F Braathen

HansFredrik.VeitebergBraaten@
niva.no

POPs in Arctic char from a remote Arctic lake: Long-term trends
and responses to changing inputs, fish ecology and a warming
climate (FishTrend)

APN, NIVA, NILU

J Bytingsvik

jby@akvaplan.niva.no

NPI, APN, NILU, UiB

H Routti

heli.routti@npolar.no

Bjørnøya- Arctic charr effect studies

Marine mammals- contaminant levels and effects
Giants of the ocean – affected by anthropogenic pollutants?

Model development -emerging contaminants and bioaccumulation in seabirds
Atmospheric inputs of organic contaminants of emerging concern
to the Arctic and possible implications for ecosystem exposure

NILU, APN

I Krogseth

isk@nilu.no

Development, evaluation, and application of a bioaccumulation
model for organic contaminants in Arctic seabirds

NILU, APN, NINA,
NPI

I Krogseth

isk@nilu.no

The effects of contaminants on human health and Arctic communities
Evaluating the significance of spatial variability and body mass
index (BMI) for human concentrations of persistent organic
pollutants (POPs) in northern areas

NILU, UiT

An Environmental Risk Quotient for Arctic Communities

NILU, NORUT, IMR, UiT S Mudge

T Nøst

therese.h.nost@uit.no

smm@nilu.no

Impact from industrial development and urbanization in the North Fate and effects of pollutants on Arctic ecosystems
Microplastics from artificial sports pitches: composition,
degradation and biological interactions (MARS)

APN/NILU, SINTEF,
IMR

C Halsband

claudia.halsband@akvaplan.niva.
no

POPs adsorbing to Marine plastic litter in the Arctic marine
environment acting as a new vector of exposure

NILU, NPI, SINTEF,
UiT

D Herzke

dhe@nilu.no

Urban development, shipping and tourism impacts on marine
ecosystem in Tromsø. Investigation of cocktail effects using
bivalves as sentinel species

APN, NILU, UiT

P Geraudie

pge@akvaplan.niva.no

M Karlsson

marianne.karlsson@niva.no

Risk governance - Communicating and applying research results
An Arctic risk governance regime for multiple stressors: the case
of interaction between climate change and hazardous chemicals’
(ARIGO)

NIVA, APN, CICERO
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Ocean Acidification
Ocean acidification state and drivers in Arctic waters (OA-State/OA-Drivers)
RESEARCH AREAS/PROJECT TITLES

PARTNERS
(LEAD PARTNER FIRST)

PROJECT LEADER

Times-series of carbonate chemistry, indicator parameters
(OA-State)

NPI, IMR, NIVA,
NPI, IMR

A Fransson

Climate drivers: impact of OA and other climate stressors
(OA-Drivers)

NPI, IMR, NIVA,
IMR, UiT, AWI

A Fransson

E-MAIL PROJECT LEADER

Sensitivity of Marine Biota to the Acidification of northern waters
and its effects on marine ecosystems
The effect of OA on gametes and vulnerable life stages

APN, IMR, NPI, FSU,
UNIS, IMEDEA, ES

Järnegren

The effect of natural temporal and spatial variations in multiple
OA drivers (pCO2, salinity and temperature) on the physiology and
skeletal properties of benthic and planktonic organisms

IMR, NPI, IOPAS,
BangorU,
JAMSTEC, NIVA

H Hop

Capacity for adaptation in Arctic invertebrates to multiple OA
drivers (pCO2, salinity and temperature)

NPI, IMR, BOS,
WHOI

H Browman, S Rastrick
(IMR)

UndersTanding and PRedicting the acidification of northern waters
and its iMpacts on marine ecosystems and biogeochemistry (TRUMP)
Understanding regional OA using models

NIVA, IMR

P Wallhead

Projecting ecosystem response and feedbacks to OA

IMR, NIVA, IMR

Hansen

Local OA impacts from benthic drivers

NIVA, NPI

E Yakushev

Tracking and forecasting OA impacts on complex multi-species
interactions

NPI, NIVA, IMR,
Scripps, CSIRO

G Griffith

Risk governance and ocean acidification: understanding the role of uncertainty
Expert elicitation to identify key uncertainties

SALT

J Falk-Andersson

Decision-makers understanding of uncertainties

NIVA

M Karlsson

Synthesis: risk governance and management options

NORUT, ASU

Norman

ABBREVIATIONS
APN: Akvaplan-niva AS; ASU: Arizona State University; AWI: Alfred Wegener Institute; BAS: British Antarctic Survey; BOS: Bigelow Laboratory for Ocean Science; BangorU: Bangor University; CICERO: Center for International Climate Research; CSIRO: Commonwealth Scientific and Industrial Research Organisation; FNI: Fridtjof Nansen Institute; FSU: Florida State University; JAMSTEC: Japan Agency for Marine-Earth Science and
Technology; Ice-9: Ice-9 is a media/outreach consultancy firm; IMEDEA: Mediterranean Institute for Advanced Studies; IMR: Institute of Marine Research; IOPAS: Institute of Oceanology, Polish Academy of Sciences;
Kingston: Michael Kingston Associates; Marintek: Marine Technology Research Institute; MET: The Norwegian Meteorological Institute; NCAOR: National Centre for Antarctic and Ocean Research; NIBIO: The Norwegian
Institute of Bioeconomy Research; NINA: Norwegian Institute for Nature Research; NIKU: The Norwegian Institute for Cultural Heritage Research; NILU: Norwegian Institute for Air Research; NIVA: Norwegian Institute
for Water Research; NMBU: Norwegian University of Life Sciences; Nofima: The Norwegian Institute of Food, Fisheries and Aquaculture Research; Nord Uni: Nord University; Northshore: Northshore shipping company;
NORUT: Northern Research Institute; NPI: Norwegian Polar Institute; NRPA: Norwegian Radiation Protection Authority; OASYS: Ocean Atmosphere Systems - Research; PINRO: Polar Research Institute of Marine Fisheries and Oceanography; SALT: Salt Lofoten AS; SAMS: The Scottish Association for Marine Science; SCNN: Science Centre of Northern Norway; SINTEF: The Company for Industrial and Technological Research; Scripps:
Scripps Institution of Oceanography; SMR: Sea Mammal Research Unit; UiB: University of Bergen; UiT: UiT The Arctic University of Norway; UNIS: The University Centre in Svalbard; VET: Norwegian Veterinary Institute;
WHOI: Woods Hole Oceanographic Institution; WU: Wageningen University
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Contact information
FRAM – the High North Research Centre for Climate and the Environment
Fram Centre AS
Ph: +47 7775 0200
Fram Institutions at the Fram Centre building
Visiting address: Hjalmar Johansens gate 14
Postal address: POB 6606 Langnes
N-9296 Tromsø
Ph: +47 7775 0200
Web: www.framsenteret.no
Akvaplan-niva AS
Ph: +47 7775 0300
www.akvaplan.niva.no
Geological Survey of Norway
Ph: +47 7775 0125
www.ngu.no
Institute of Marine Research Tromsø
Ph: +47 5523 8500
www.imr.no
Norwegian Coastal Administration
Ph: 07 847, International calls +47 3303 4308
www.kystverket.no
NILU – Norwegian Institute for Air Research
Ph: +47 6389 8000
www.nilu.no
Norwegian Institute for Cultural Heritage
Research
Ph: +47 7775 0400
niku.no
Norwegian Institute for Nature Research
Ph: +47 7775 0400
nina.no
Norwegian Mapping Authority Tromsø
Ph: 08 700, International calls +47 3211 8121
www.statkart.no
Norwegian Polar Institute
Ph: +47 7775 0500
www.npolar.no
Norwegian Radiation Protection Authority
Ph: +47 7775 0170
www.nrpa.no

FRAM institutions elsewhere

Other institutions at the Fram Centre

CICERO – Center for International Climate and
Environmental Research
Ph: +47 2285 8750
www.cicero.uio.no

Arctic Council Secretariat
Ph: +47 7775 0140
arctic-council.org

NOFIMA
Muninbakken 9-13 Breivika
POB 6122, N-9291 Tromsø
Ph: +47 7762 9000
www.nofima.no
NIBIO – Norwegian Institute of Bioeconomy
Research
POB 2284 Tromsø postterminal, N-9269
Tromsø
Ph: 03 246, International calls: +47 4060 4100
www.nibio.no
NORCE
POB 6434 Forskningsparken, N-9294 Tromsø
Ph: +47 7762 9400 Fax: +47 7762 9401
www.norceresearch.no
Norwegian Meteorological Institute
Main office:
Henrik Mohns plass 1, N-0310 Oslo
Forecasting Division of Northern Norway:
Kirkegårdsveien 60, N-9293 Tromsø
Ph: +47 7762 1 00
met.no
Norwegian School of Veterinary Science
Dept. of Arctic Veterinary Medicine
Stakkevollveien 23, N-9010 Tromsø
Ph: +47 7766 5400
www.veths.no
Norwegian Veterinary Institute
Stakkevollveien 23, N-9010 Tromsø
Ph: +47 7761 9230
www.vetinst.no
SINTEF Nord AS
POB 118, N-9252 Tromsø
Ph: +47 7359 3000
www.sintef.no
University Centre in Svalbard (UNIS)
POB 156, N-9171 Longyearbyen
Ph: +47 7902 3300
www.unis.no
UiT The Arctic University of Norway
N-9037 Tromsø Ph: +47 7764 4000
uit.no

AMAP
Arctic Monitoring and Assessment Programme
www.amap.no
BarentsWatch
Phone: 07847
International calls: +47 3303 4808
www.barentswatch.no
Centre for the Ocean and the Arctic
www.oceanarctic.org
International Centre for Reindeer Husbandry
www.reindeerherding.org
Polaria Visitors’ Centre
Hjalmar Johansens gate 12, N-9296 Tromsø
Ph: +47 7775 0100
www.polaria.no

Fram Centre
Framsenteret, POB 6606 Langnes
N – 9296 Tromsø
–
Phone: +47 77 75 02 00
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