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tographic exhibition currently on display at the Polar Museum in Tromsø. Based 
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In two interrelated articles, Ole Petter Vindstad et al 
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4 FRAM FORUM 2022 EDITORIAL

Another year has come and gone and Covid-19 has 
taken a heavy toll. Last year at this time, many of 
us could still hope the pandemic would remain 
an abstract threat that affected people elsewhere. 
We clenched our teeth behind our facemasks 
and prayed: please not my friends, please not my 
family. Now most of us know someone who has 
become infected – or we have become infected 
ourselves – and far too many have died. Yet as 
countries around the world loosen pandemic 
restrictions, we’ve begun to realise that despite 
incredible medical advances, this disease will be 
with us for the foreseeable future.

It's been a tough year for the planet, too. Extreme 
weather hit the headlines repeatedly. Torrential 
rainfall was followed by flooding in countries 
from China to Uganda, from England to India. 
Droughts parched western North America, Sibe-
ria, Madagascar, and the Mediterranean region. 
Extreme heatwaves triggered fires in Siberia and 
killed hundreds in the Pacific Northwest. Re-
cord-breaking snowfall in Texas caused lengthy 
power outages, whereas on the Greenland ice 
sheet, precipitation fell in the form of rain rather 
than snow for the first time on record. Attributing 
individual weather events to climate change is 
still tricky, but a high-profile article published in 
Nature Climate Change in October concluded that 
85% of humanity lives in areas already affected by 
global warming. 

Humans have transformed the planet in many 
other ways as well. Even here in the sparsely 
populated High North, where we are blessed with 
relatively clean air and water, the human footprint 
is unmistakeable. As demonstrated by the articles 
in this issue of Fram Forum, scientists at the Fram 
Centre have been instrumental in studying not 
only climate change in the High North, but also 
environmental pollutants, plastics, radioactive 
nuclides, invasive species, and more.

Two of this year’s articles are about the inadvert-
ent consequences of well-meaning but ill-advised 
human actions. About seventy years ago, Pacific 
pink salmon were introduced to the Kola Pen-
insula for their valuable roe. A decade later, the 
red king crab, another commercially exploitable 
species from the Pacific, was introduced in the 
eastern Barents Sea. Since then, the two species 
have expanded westward into Norwegian waters. 
Both articles acknowledge that whether we like it 
or not, the invaders are here to stay.

Early in the pandemic, we hoped to be able to beat 
Covid-19; now we talk about living with it. There 
has been a similar shift in the public discourse 
about global change. At COP 21 in Paris in 2015, 
countries agreed to try to limit the global average 
temperature to no more than 1.5°C over that in 
1850-1900. Now, just six years later, Earth’s aver-
age temperature is already more than 1°C higher 
than in pre-industrial times. We are realising that 
even if we are able to act swiftly to limit the rate of 
change, we face a warmer, less predictable future. 
At the COP 26 meeting in Glasgow, Professor 
Petteri Taalas, Secretary General of the World Me-
teorological Organization said, “Extreme events 
are the new norm.” 

What shall we do?

In their article about assessing the condition  
of ecosystems in the Arctic tundra, Åshild Ø  
Pedersen and colleagues write:

[I]t will be necessary to develop management 
strategies based on what is realistic and desira-
ble to achieve. Such strategies should be based 
on dynamic concepts of managing and modify-
ing trajectories of change, rather than attempt-
ing to preserve past ecosystem states.

Managing in a changing, 
unpredictable world
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In other words, they suggest that when faced with 
inevitable change, nudging change in a desirable 
direction could be better than doing nothing, and 
more realistic than attempting to stop it altogeth-
er. Identifying feasible strategies for managing 
environmental change is a task for scientists. In 
addition to solid scientific knowledge, it will re-
quire creativity and adaptability – and will benefit 
hugely from open discussion with people who live 
and work in the regions being affected.

The institutions that constitute the Fram Centre 
have been studying the High North for decades, 
securing fundamental knowledge about its inner 
workings. These efforts will continue. However, 
recognising that effective management of unpre-
dictable and extreme events requires a visionary, 
dynamic approach, the Fram Centre is embracing 
a new collaboration strategy based on high-quality 
interdisciplinary research programmes. The pro-
cess of developing these programmes is described 
by steering committee leader Bo Andersen on the 
next page and the programmes are presented in 
greater detail on page 159. The new Fram Centre 
strategy places great emphasis on the role basic 
science plays as a support for management. At 
the same time, the programmes are structured 
to encourage flexible, responsive research that 
welcomes societal engagement. Let us hope that 
by working together, we can make the future of 
the High North a bit more predictable.

Janet Holmén, Editor

EDITORIAL
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On the road  
to a new  
Fram Centre  
collaboration

Bo Andersen, Leader of the Fram Centre Steering Committee

2021 was an exciting year for the Fram 
Centre collaboration. The long-running Flagship 
programmes ended and new programmes were 
selected and recommended for funding to the 
Ministry of Climate and Environment starting 
in 2022. The participating scientists have done 
an excellent job in following up the strategy and 
the call for new programmes. In the coming year 
all the groups must start implementing the new 
programmes. 

With the pandemic situation still ongoing, 2021 
was, in a general sense an “annus horibilis” for 
too many of us. However, for the Fram Centre 
collaboration it was clearly the opposite. From 
the end of 2020 and all through last year a new 
strategy has been developed, new areas of re-
search have been announced, the scientists have 
developed consortia with applications, and after 
international evaluation of the proposals, the 
Fram Centre steering committee has recommended 
a new set of research programmes. 

In parallel with the process of defining new pro-
grammes for the future, the scientists have mostly 

completed the work within the long-standing 
Flagships. These Flagships have lasted for up to 
ten years and have provided numerous new scien-
tific results as well as building up collaborative 
relationships between the Fram Centre member 
institutions.

The strategy for the future Fram Centre collabo-
ration was developed by the steering committee 
with numerous inputs from the scientists and 
member institutions. In addition, several of  
the users of the Fram Centre scientific results 
expressed views that influenced the content  
of the new strategy. The following points  
summarise the essence of the strategy:
 
•  The research must require collaboration 
 between Fram Centre members.
• The collaborative research shall be of 
 high scientific quality.
• The research programmes must be 
 interdisciplinary.
• The results shall be important as a scientific  
 basis for management of the northern regions  
 of Norway.
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With the new strategy as a basis, a broad group 
of scientists were asked to come up with a set 
of research questions they deemed should have 
the highest priority in the future collaboration. 
The steering committee selected a total of five 
programme areas from the broad list provided 
by the scientists. These programme areas were 
opened for response in July with Letters of Intent 
expected in September and final applications by 
the beginning of November. An international panel 
evaluated all six proposals and ultimately four 
major programmes and one project were recom-
mended for funding. But all these applications 
received many suggestions for improvements that 
should make the programmes even better when 
implemented.

The steering committee followed the external  
recommendations and added some more comments 
of their own concerning funding and partici-
pation, as well as annual goal setting. The pro-
grammes have initially been recommended for a 
five-year period and will be evaluated annually on 
progress and results. This evaluation will be the 
basis for the recommendation for budget level in 
the following year.

The start of the new programmes will require 
some adjustments in accordance with the comments 
from the evaluators and the steering committee. 
With these adjustments, the leader of the committee 
expects that the new programmes will be imple-
mented according to their plans during 2022 and 
onwards.

The leader of the steering committee would like 
to commend the participating scientists for their 
significant effort during the year to create the 
new research programmes. This commendation 
should also go to the participants in the steering 
committee, the research leader group, and the 
dissemination group. The implementation of the 
Fram Centre collaboration could not have succeeded 
without the great effort of the secretariat. 

THE STRUCTURE OF  
LEADERSHIP IN THE FRAM CENTRE

Steering committee
The steering committee provides strategic 
oversight and guidance to the research 
collaboration. 

Leader: 
Dr Bo Andersen, appointed by Ministry of 
Climate and Environment

Deputy:  
Dr Nalân Koҫ, Norwegian Polar Institute

Members:
Camilla Brekke, UiT 
Geir Lasse Taranger, IMR
Cathrine Henaug, NINA
Anita Evenset, Akvaplan-niva/NIVA
Jo Aarseth, NIBIO
Steinar Vaadal, NMA - Kartverket
Eldbjørg Heimstad, NILU

Research leader group
The Fram Centre’s chief cooperative body 
for heads of research. This group consists 
of one appointed representative from each 
of the 21 member institutions that wish to 
participate, and the managers of the Fram 
Centre research programmes. 

Leader: 
Eldbjørg Heimstad, NILU – Norwegian 
Institute for Air Research

Deputy: 
Alma Thuestad, Norwegian Institute for 
Cultural Heritage Research

Dissemination group
Appointed by the steering committee

Leader: 
Helge M Markusson, Fram Centre 
secretariat/Framsenteret Drift AS

Members: 
Anja Salo, NPI
Bjørg Bruseth, NINA
Hanne Karde, UiT 
Trude Borch, Akvaplan-niva
Stine Hommeldal, IMR

User group 
Secretary/contact person:
Kathryn Donnelly, Fram Centre

EDITORIAL
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Kongsfjorden’s 
Wingman
PROFILE

Helge M Markusson // Fram Centre

Kongsfjorden. Our story begins there and it will end 
there, but Geir Wing Gabrielsen may never be finished 
with the fjord. Although he has probably spent more 
seasons doing fieldwork there than anyone else, he 
still has Kongsfjorden projects lined up. 

have three years to cruise ashore,  
letting younger talents take the helm and  

at the Environmental Pollutants section of the 
Norwegian Polar Institute. I’ll stay on as a senior 
scientist until I retire. There are some very specific 
things I want to do, and at the top of the list is 
writing a book about my years in Kongsfjorden. 
It will be about working there, about research and 
monitoring in Kongsfjorden. This includes climate 
change, escalating plastic and environmental 
pollution, and all the other things I’ve witnessed 
and experienced.”

Characteristically, Gabrielsen gets straight to  
the point, eager to convey what he is working on, 
essentially always on the ball. He may wander off on 
a tangent about fast American cars that go vroom, 
but will soon revert to talking about his research.

THE FORMATIVE YEARS

Gabrielsen grew up in Honningsvåg (Finnmark), 
where he worked at the fish processing plant. 
His future as a fisherman was staked out. Fishing 
boats were interesting. Schoolwork, not so much.

“The only good teacher I had in primary school 
was Herbjørg Wassmo, the author. I still remember 
her reading to us. Saturday was a school day and 
she would end the last lesson by reading aloud. To 
this day she calls me ‘little Geir’.”

But when he was 12, the family moved to Kirkenes, 
where people took education more seriously. 
Gabrielsen discovered books and a desire to learn. 
This led to secondary school in Kirkenes and 
Harstad and eventually to Tromsø University in 1974.

“I

PROFILE
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Photo: Geir Wing Gabrielsen / Norwegian Polar Institute

PROFILE
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FIRST VISIT TO KONGSFJORDEN

Gabrielsen did his master’s thesis at the Depart-
ment of Arctic Biology under Professor Arnoldus 
Schytte Blix. The topic was fear reactions in 
ptarmigans. When an animal is frightened, its body 
reacts with a “fight-or-flight” response that usually 
involves an increase in heart rate. Gabrielsen studied 
ptarmigans in Karlsøy and found an odd reaction in 
nesting ptarmigan hens. When people approached, 
the hen’s heart nearly stopped, slowing to just 10-20 
beats per minute, the opposite of what was expect-
ed. The project prompted a trip to Svalbard.

“There’s a difference between willow ptarmigans 
and Svalbard rock ptarmigans,” Gabrielsen  
explains. “They react differently when threatened. 
So I was sent to Svalbard to observe how nesting 
hens reacted when approached by people.”

The trip, in 1981, would mean his first encounter 
with Kongsfjorden. 

“I had heard a lot about Ny-Ålesund from my 
parents and their friends, who had lived there for 
a few years in the early 1950s. My father was an 
electrical engineer and my mother looked after 
the director’s children. When we went on holi-
day, we visited people they had met there, people 
from Sulitjelma, Mo i Rana, Harstad – places with 
close ties to Ny-Ålesund. I remember them sitting 
and talking about life in Ny-Ålesund, and we had 
photos on our walls, so naturally I was interested 
in that place.”

The young researcher crossed Kongsfjorden to 
Blomstrandhalvøya, where he caught several 
ptarmigan hens.

“We outfitted nesting hens with backpack contain-
ing a transmitter for heartrate and breathing and I 
monitored the signals from 100-200 metres away.”

What they discovered was quite startling.

“When we threatened Svalbard rock ptarmigans 
 the same way as we had done in Karlsøy, it 
became apparent that they had not developed the 
same reactions, presumably because they face fewer 
threats than willow ptarmigans on the mainland.”

SOJOURN IN THE UNITED STATES

The ptarmigan studies eventually led to Gabrielsen’s 
master’s thesis, which in turn led him to the Unit-
ed States (where he learned to appreciate fast cars 
that go vroom). He was offered an opportunity to 
study at the Massachusetts Institute of Technology 
(MIT) in Boston. His field was biotechnology and 
the focus was on sudden infant death syndrome 
among young children at Massachusetts General 
Hospital. By registering babies’ reactions to 
sounds, he could measure how they responded 
while asleep.

“One baby stopped breathing and was gone for 
nearly two minutes,” says Gabrielsen, reaching 
for a bookcase in his office on the fifth floor at the 
Fram Centre and pulling out an article he published 
about the study. How did he get from sudden infant 
death syndrome to the Norwegian Polar Institute?

“In the autumn of 1983, Fridtjof Mehlum came to 
Boston and asked me to apply for a PhD scholarship 
at the Norwegian Polar Institute, actually the 
institute’s first scholarship in biology. They had 
secured funding from the PRO MARE programme 
and wanted me to study energy metabolism in 
seabirds in Svalbard.”

Said and done! Gabrielsen went home and em-
barked on doctoral studies of seabirds’ adaptation 
to cold environments and their energy expenditure. 
Using the new double-labelled water method 
(where both hydrogen and oxygen are marked 
with radioactive isotopes), he gathered knowledge 
about seabirds’ food intake and energy consump-
tion that made it possible to estimate how much 
food the birds take from the sea.

FIRST IN TROMSØ

Fast forward to 1994. Gabrielsen has completed 
his PhD and moved back to Tromsø. For the past 
four years he has been working at the Norwegian 
Institute for Nature Research within the Coastal 
Ecology research programme.

Two years earlier, after intense lobbying from the 
north, Parliament decided to move the Norwegian 
Polar Institute from Oslo to Tromsø. The decision 

PROFILE
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Gabrielsen did some of his first fieldwork in Karlsøy, where he used physiological telemetry to study 

how willow ptarmigans reacted to stress. Photo: Geir Wing Gabrielsen / Norwegian Polar Institute 

was not well received among the employees:  
virtually none of them wanted to move. It appeared 
that the Institute would have to be rebuilt from scratch.

Geir Wing Gabrielsen became one of the very 
first employees at the Norwegian Polar Institute 
in Tromsø, working as an ecotoxicologist. He and 
Christian Lydersen and a few other early recruits 
moved into temporary premises on Storgata. 
Three years later, they relocated to the newly  
constructed Polar Environment Centre, now 
named the Fram Centre.

As it turned out, there was no need to start from 
scratch in Tromsø. Regardless of what “the  
southerners” thought, by the mid 1990s the city 
had a well-established research environment.

“Yeah, Christian – who was studying marine 
mammals – had a good working relationship with 
Tore Haug at the University. I worked close to 
Rob Barrett at Tromsø Museum and Kjell Gunnar 

Erikstad at NINA and many others. It was a superb 
foundation for developing a research community 
and there’s no doubt that the University and NINA 
played important roles in establishing the aca-
demic environment in Tromsø.”

The researchers up north seized this opportunity 
to show their mettle.

“There were a lot of people with guts,” says  
Gabrielsen. “We were good at securing funding 
for projects and, not least important, we recruited 
bright students who helped us grow competence 
in Tromsø. And we published! The Polar Institute 
was transformed after its move to Tromsø.  
Remember, before the move, the Institute employed 
lots of geologists, a legacy from the time when it 
was under the Ministry of Industry (until 1979). 
Their mapping efforts were intended to support 
industrial development. When the Ministry of the 
Environment took over responsibility, the focus 
changed, shifting more toward biology.”

PROFILE
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With a kittiwake in his hand and Kongsfjorden at his back, 

Geir Wing Gabrielsen is in his element.  

Photo: Eva Therese Jenssen / University Centre in Svalbard

COMMUNICATION AT MANY LEVELS

Geir Wing Gabrielsen is probably the researcher at 
the Norwegian Polar Institute who is best known 
to most people. This is undoubtedly because he 
takes pains to write and speak so his intended 
audience understands. He writes academic papers 
and reports, commentaries in daily papers,  
feature articles and lectures, and he always says 
yes when journalists call. But he has also authored 
books for children. Communication is all about 
using language that gets the message across.

“Explaining difficult concepts to children teaches 
you how to give answers that work,” he says.  
“I helped produce school newsletters in Kirkenes 
and Harstad. That’s where someone told me: 

‘If your grandmother doesn’t understand what 
you’ve written, you’re doomed!’ I never forgot 
that. I learned to popularise, and I see many  
scientists who struggle with precisely that issue.”

Gabrielsen has served as advisor to about 80 
master’s students and nearly 20 doctoral students. 
He was one of the first people recruited to lecture 
at UNIS (the University Centre in Svalbard) when 
it started up in 1994. “I could feel the students’ 
enthusiasm,” he reminisces. “They were eager to 
learn about the Arctic and the natural environment. 
It was inspiring!” He leans forward, eager to make 
his point: “The fantastic thing about students is 
that they come in and help us build new knowledge 
in our own fields.”

Gabrielsen stresses the importance of connecting 
with younger age groups. He has published two 
popular science books for children in collab-
oration with author Kirsti Blom, and another 
children’s book about plastics is coming soon. 
Through initiatives such as the Fram Centre 
school tour “The Scientists Are Coming” and  
“The Cultural Schoolbag” (den Kulturelle Skole- 
sekken), he has talked to thousands of students 
at 120 secondary schools in Trøndelag, northern 
Norway, and Svalbard about environmental 
pollutants and plastic in the ocean. 

PLASTICS ON THE AGENDA

In 2013, Gabrielsen wrote a feature article about 
plastic pollution in the ocean for the daily paper 
Adresseavisen. His objective was to alert people 
at the Norwegian Environment Agency to the 
problem. Back then, marine plastic waste was not 
a topic of public debate. Now it is viewed as one of 
our main environmental challenges.

“Yeah, I’ll take some of the credit for that,” he 
says. “We all became aware that plastic is a threat 
to the environment. I was summoned to give lec-
tures for the Ministry of Climate and Environment 
and the Environment Agency, and over the next few 
years I was invited to speak all over, at home and 
abroad. Marine plastic was a wake-up call for many.”

PROFILE
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BACK TO KONGSFJORDEN

Our story started in Kongsfjorden, and that is 
where it ends.

“When I first went there, 40 years ago, Kongsfjorden 
was covered with ice. There weren’t many scientists 
in Ny-Ålesund,” says Gabrielsen, “and we who 
were there had to help the Kings Bay staffers with 
odd jobs like stocking and running the shop when 
tourists arrived. It was a different time. 

“Ny-Ålesund has played an important role in  
Norwegian and international research. Looking 
back at the past 40 years as a whole, you see  
enormous change in the climate. The most  
dramatic shift happened between 2005 and 2007, 
when warm water flowed in from the Atlantic and 

Kongsfjorden was suddenly open. There’s much 
less sea ice in the fjord now. Blomstrandhalvøya is 
no longer a peninsula, but an island. The glaciers 
have retreated: Kronebreen has receded three 
kilometres! The ecosystem has changed. 

“We’re seeing new species, whales and birds. 
What used to be an Arctic fjord is now an Atlantic 
fjord. I wouldn’t have believed that could happen, 
and not so quickly.” 

Geir Wing Gabrielsen pauses a moment, then 
continues, “As I say, having spent 40 years in 
Kongsfjorden gives me a unique opportunity to bear 
witness to these changes. That’s what I want to write 
about. I should be finished by the time I’m seventy. 
But I’ll have other things to do after that, so I hope I 
can keep an office here at the Fram Centre.” 

Geir has worked broadly throughout his time at 
the Norwegian Polar Institute. He has tackled 
many issues: how Arctic ecosystems are affected 
by climate change, environmental pollutants and 
plastic, and how animals adapt to the challenges 
they face in the Arctic environment. He truly wants 
to understand. He’s an incredibly positive person. 
Despite his busy schedule, I’ve never heard him say 
he doesn’t have time. His door is always open and 
he greets people with a smile. He’s got the internal 
drive required to do research; he’s persistent and 
has faith that things will turn out well. He trusts his 
co-workers 100% and delegates responsibility to 
others, which boosts their motivation and makes 
them want to do a good job.

Heli Routti, Environmental Pollutants Section, 
Norwegian Polar Institute

Geir’s research on avian physiology, ecotoxicology 
and plastics in the environment has contributed 
new knowledge published in respected scientific 
journals. In this regard, Geir is well-known 
internationally. We colleagues at NTNU and UNIS 
have frequently had the pleasure of hearing his 
lectures, delivered with great professional skill and 
enthusiasm. Geir and I co-organised the Svalbard 
Course for many years, so I’ve witnessed his 
remarkable ability to summarise and popularise 
complex environmental issues for participants 
from all kinds of backgrounds. His ability to talk to 
people, create a friendly atmosphere, and articulate 
take home messages is greatly appreciated by all 
his listeners. Geir’s deep involvement in Ny-Ålesund 
and Kongsfjorden has been an asset for important 
national projects, colleagues, and people attending 
a wide variety of courses. His personality makes him 
a natural centre of attention: he’s accommodating, 
he listens, and it’s always fun to be with him on 
excursions and research cruises, when teaching or 
at the pub.

Geir Johnsen, Professor of Marine Biology, NTNU

COLLEAGUES DESCRIBE GEIR WING GABRIELSEN

PROFILE
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Can we convince tourists  
to go hiking without leaving 
any traces?

Anne Olga Syverhuset, Sigrid Engen and Rose Keller // Norwegian Institute for Nature Research – NINA

A growing number of people are visiting Norway’s protected 
areas. This poses new challenges for national park management. 
Excrement and rubbish left behind by thousands of tourists 
degrades Lofotodden National Park’s idyllic nature. 
What can be done about this problem?

RESEARCH NOTES

hen nature calls” Norwegians are 
used to being able to go behind a rock 

to relieve themselves without causing a nuisance 
to other people. This is not necessarily the case 
anymore. If you go behind a rock these days you 
may discover that a lot of people have been there 
before you,” says Sigrid Engen, a scientist at the 
Norwegian Institute for Nature Research (NINA).

Together with her colleague, Rose Keller, she is 
studying the impacts of a high numbers of visitors 
to protected areas and how refuse and excrement 

affect the visitor experience. They are also asking 
how we can reduce the negative impacts of tourism.

There has been a steep increase in the number  
of tourists visiting Norwegian national parks in 
the last decade. While tourism can help boost the 
income of local businesses, it can also displace local 
people from popular recreation sites. Trampling 
effects (leading to muddy and slippery trails), 
rubbish, and congestion could spoil people’s per-
ceptions of the environment as pristine and cause 
locals to go elsewhere for their outdoor activities.

W
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Kvalvika Beach, Lofotodden National Park. Photo taken during fieldwork in the 

summer of 2021. Photo: Sigrid Engen / Norwegian Institute for Nature Research

RESEARCH NOTES
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MAPPING AND MONITORING HUMAN WASTE

This summer, as part of a pilot project entitled 
Traceless Tourism, Engen, Keller and their students 
Hennie Lindøe and Eirik Sønstevold tested a map-
ping method to record the location and density 
of human faeces and other types of human waste 
such as toilet paper and wet wipes. The pilot 
project began after the manager of the Lofotodden 
National Park, Ole-Jakob Kvalshaug, contacted 
NINA with a request to investigate what they could 
do to solve the human waste problem.

Method development and testing took place along 
the path to and in the area around the popular 
beach in Kvalvika, which is part of Lofotodden 
National Park. Another beach with fewer visitors, 
Vinjestranda in Vågan municipality, was also 
included in the work. 

“It takes an hour and a half to walk to Kvalvika 
and a lot of people camp here. Challenges with the 
accumulation of human waste arise when a lot of 
people camp in a relatively small and inaccessible 
area,” says Engen, who remembers the beach as 
being an idyllic, quiet, and lesser-known place 
when she was a child.

Since Kvalvika is located within the boundaries of 
a national park, strict restrictions limit develop-
ment of infrastructure such as toilets, according 

to Engen. This means that anyone who leaves the 
beaten track or ventures in behind a big boulder 
near the beach might be in for an unpleasant 
surprise. 

And that is exactly what the research team did 
during the summer of 2021. They visited places 
where people might go “when nature calls” and 
documented what they found behind rocks and 
bushes in an area extending 30 metres away from 
the trail on both sides. Each discovery was cata-
logued and recorded using an app that allowed 
data to be imported into a geographic information 
systems (GIS) program. A tampon here. Toilet 
paper there. Dog poo bags, wet wipes, and the 
remains of campfires.

Based on their investigations, they have produced 
a map showing the locations of most of the human 
waste left behind.

HOTSPOTS NEAR DRINKING WATER

Their survey revealed unpleasant “hotspots” 
where rather large quantities of excrement were 
found. Most of these hotspots were located near 
the camping sites along the beach.

“Some particularly worrisome ‘hotspots’ were 
located right next to streams where we observed 
people filling their water bottles,” says Keller.

Rubbish at Vinjestranda in Lofoten, summer 2021. 

Photo: Sigrid Engen / Norwegian Institute for Nature Research

RESEARCH NOTES
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The trail to Kvalvika.

Photo: Sigrid Engen / Norwegian  

Institute for Nature Research

Fieldwork at Kvalvika Beach, Lofotodden 

National Park. Photo: Sigrid Engen /  

Norwegian Institute for Nature Research

RESEARCH NOTES
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The researchers took water samples in August 
2021 and found relatively high levels of E. coli  
bacteria in two of three of the streams they 
sampled, including one where they saw tourists 
collecting drinking water. More research is needed 
to determine whether the source of the E. coli is 
predominantly human. 

AVAILABLE FACILITIES NOT USED

Human waste hotspots close to sources of 
drinking water show how important it is to take 
tourists’ toilet needs seriously. However, protected 
area regulations are strict. The regulations for 
Lofotodden National Park stipulate: “The area 
is protected from encroachments of any kind, 
including the construction of permanent or  
temporary buildings, facilities, and installations....” 
So you can’t simply put up a toilet.

And even when there are toilets, such as at the car 
park at the start of the path leading to Kvalvika, 
not everyone uses the facilities that are available. 
We know this because the researchers found a lot 
of excrement 0.75 to 1 kilometre from the trailhead. 

“This could mean that the toilets should not be 
in the car park, but instead somewhere along the 
first kilometre of the trail,” Keller points out.

In other words, identifying the specific nature 
of the problem of human waste is important for 
finding the best solutions. 

RESEARCH NOTES
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Map showing the sites of human waste found at Kvalvika 

Beach and along the trail from the parking area (bottom 

right in the larger map) during the summer of 2021. Note 

the accumulation from June (right) to September (left).

Source: Norwegian Institute for Nature Research

RESEARCH NOTES

CAN WE ACHIEVE TRACELESS TOURISM?

At present little or no information is provided for 
tourists entering Lofotodden National Park when 
it comes to dealing with human waste. 

“The new Visitor Centre in Reine, which opened 
in June 2021, could potentially provide guidelines 
on what tourists should do with their waste at 
Lofotodden and in Lofoten in general, but neither 
the educational exhibits nor the staff currently try 
to influence the visitors’ behaviour,” says Keller.

Keller has experienced the same problems in 
Denali National Park in Alaska, where waste gen-
erated by tourists has been a challenge for many 
years. She explains that it is important to identify 
the attitudes that prompt this kind of behaviour in 
order to ensure that visitors “get the message”. So 
you need to know more about who is visiting the 
area and tailor your message accordingly. 

“In Denali, the park managers thought that  
people would not change their behaviour, since 
the problem was not solved by putting up signs 
and installing rubbish bins. After we examined 
what kind of people visited the park, what atti-
tudes they had, and what prevented them from 
changing their behaviour, we found that we could 
change these attitudes by addressing them directly. 
And we discovered that the rubbish bins had been 
installed in the wrong places,” says Keller.

When they applied this knowledge, they managed 
to get visitors to change their behaviour. 

Keller emphasises how important it is to have a 
clear idea about what kind of behaviour you want to 
encourage if you want people to change their ways.

Should tourists be encouraged to bring their own 
waste bags and deposit their waste in the nearest 
rubbish bin? Or is it enough to provide clearer 
guidelines on where they should (and should not) 
relieve themselves?

Should we establish better infrastructure with 
more toilets? If so, who should be responsible for 
the cost of maintenance and cleaning? And how 
can we get the tourists to use them?

HUMAN WASTE IS NOT THE ONLY PROBLEM

A high number of visitors also creates other new 
challenges. How do you get visitors to stay on the 
trail? How does seeing and hearing other people 
impact the wilderness experience? How can we 
prevent people from building dozens of rock 
cairns?

Justice issues related to access to the public right 
of access are also a concern for Engen.

“A high number of visitors leads to a greater need 
for regulating access to popular areas. Examples 
include restrictions and fees on parking, bans on 
camping, and admission fees,” says Engen. 

We saw examples of bans on tenting in Lofoten 
this summer when local politicians felt obliged to 
introduce such restrictions in some places.

“We risk having to limit the public right of access, 
which in turn may negatively impact people who 
seek simple low-cost outdoor activities, while 
benefitting visitors who want a higher degree of 
comfort and facilitation – people who can afford 
to pay for hotel accommodation or a camping 
site when the options for tenting and parking are 
limited,” says Engen. 

Keller and Engen conclude that all the findings 
from this summer’s pilot project highlight the 
need for more knowledge about the visitors, 
where they find information about how to behave 
when hiking in Norway, the timing and content of 
messages provided to visitors, and about possible 
solutions in the form of new infrastructure or 
using pack-out waste bags. 
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Antti Eloranta sampling aquatic vegetation before the pink salmon spawning period. 

Photo: Kathy Dunlop / Institute of Marine Research
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Ecological effects of  
Pacific pink salmon in a  
river system in Finnmark 

Pacific pink salmon (Oncorhynchus gorbuscha) were introduced 
in the Kola Peninsula for their valuable eggs in the 1950s. Since 
then, the species has spread along the entire Norwegian coast 
and will probably remain. Scientists from several countries are 
trying to understand its ecological effects. 

RESEARCH NOTES

large influx of pink salmon to Norwegian 
watercourses in 2017, 2019, and 2021 sparked 

concern over their impact on aquatic ecosystems, 
and in particular the ecosystem services provided 
by native salmonids. This sudden increase in pink 
salmon numbers in Norway, thought to be linked 
to favourable climate conditions for pink salmon 
reproduction and survival, is expected to continue 
as water temperatures rise with climate change 
and large numbers of fish continue to arrive from 
Russia. Despite mounting concern, media coverage, 
and a public demand for management practices, 
little research has been conducted in either 
freshwater or marine ecosystems to understand 
the potential ecological effects associated with 
this species. However, a lot can be learned from 
research on the ecological roles and effects of pink 

salmon in their native range in the northeast Pacific. 
This knowledge can be used to guide research and 
management here in Norway. 

In August and September 2019, two visiting 
scientists came from the Pacific coast to northern 
Norway. Mark Wipfli and Erik Schoen travelled 
from the University of Alaska, Fairbanks, to join 
colleagues in Vesterelva, eastern Finnmark, to 
study potential effects of marine-derived energy and 
nutrients from pink salmon eggs and carcasses on 
the ecosystems of rivers and riverbanks. Anadro-
mous fishes, such as Pacific and Atlantic salmon, 
that migrate between the highly productive  
marine and less productive freshwater environ- 
ments, transport energy and nutrients that 
subsidise freshwater and terrestrial food webs, 

Kathy Dunlop // Institute of Marine Research

Antti Eloranta*  // University of Jyväskylä

Guttorm Christiansen and Jenny Jensen // Akvaplan-niva

Rune Muladal // Naturtjenester i Nord

Mark Wipfli and Erik Schoen // University of Alaska, Fairbanks

Yajie Lui and Ekaterina Aasmaa // UiT The Arctic University of Norway

A

*  Also affiliated with the Norwegian Institute for Nature Research
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thereby altering freshwater ecosystem processes. 
Through their research in Alaska, Mark and Erik 
have demonstrated the significant effect of these 
marine-derived subsidies on the structure and 
function of riverine ecosystems. For example, the 
nutrients that adult spawning salmon delivered to 
ecosystems around rivers increase the productivity 
and biomass of biofilm, aquatic invertebrates, 
and freshwater fishes. In addition, the removal of 
carcasses by terrestrial animals (such as foxes and 
birds) to adjacent habitats along the waterways 
allows marine-derived energy to enter surround-
ing terrestrial ecosystems. However, the role of 
marine-derived resources from pink salmon in 
Norway’s terrestrial and freshwater ecosystems 
remains unstudied.

As part of the Terrestrial Fram Flagship project 
“Pacific salmon effects on terrestrial ecosystem 
structure and services”, several summer field 
expeditions to Vesterelva were made before, 
during, and after pink salmon spawning in August 
2019. The presence of marine-derived resources 
from pink salmon was examined in aquatic and 
terrestrial vegetation and invertebrates by meas-
uring stable isotopes. Juvenile Atlantic salmon and 

brown trout were sampled in a river stretch where 
pink salmon were spawning and in an area inac-
cessible to pink salmon spawners. Pink salmon 
eggs were found in the stomachs of both juvenile 
Atlantic salmon and brown trout in the pink salmon 
spawning reaches. 

The fieldwork in Finnmark offered the researchers 
new knowledge, but also some new twists. Kathy 
Dunlop from the Institute of Marine Research has 
studied scavenging ecology in the marine environ-
ment for years, but examining the fauna feeding 
on pink salmon carcasses on the riverbank was 
a new experience. Baited camera traps revealed 
that pink salmon carcasses were a popular meal 
for terrestrial and aquatic birds and mammals that 
live alongside Vesterelva. 

With it looking increasingly likely that pink salmon 
will continue to return to Norwegian rivers for 
years to come, anglers and governance bodies 
nationally have become increasingly concerned 
about the potential impact of the species on 
recreational angling activities. Ekaterina Aasmaa 
and Yajie Liu from UiT probed Norwegian anglers’ 
thoughts about the pink salmon after the 2021 run. 

Pink salmon caught from 

Vesterelva in July 2019. 

Photo: Kathy Dunlop /  

Institute of Marine Research 
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Preliminary results from a national questionnaire 
revealed that many anglers believe that pink salmon 
could gradually replace other species, spread 
diseases to them, and compete with them for food 
and resources. At the same time, they believed 
that scientific evidence of such interactions was 
lacking, and that current knowledge on pink salmon 
was inadequate to develop management regula-
tions. About 70% of anglers do not like to catch 
pink salmon compared with other salmonids, and 
42% do not like to go fishing due to the presence of 
pink salmon. Thus, the majority of anglers (63%) 
want to remove pink salmon from the rivers and 
are willing to voluntarily participate in removal 
activities but think that the authorities should be 
financially responsible for eradication. 

This Fram Flagship project has demonstrated that 
native aquatic and terrestrial fauna feed upon 
pink salmon eggs and carcasses and therefore 
act as vectors for the transport of marine-derived 
energy and nutrients to the terrestrial and aquatic 
environment. At the end of the summer, our  
colleagues from Alaska returned home, but it 
looks like the pink salmon are here to stay. 

FURTHER READING:

Dunlop K, Eloranta AP, Schoen E, Wipfli M, 
Jensen JLA, Muladal R, Christensen GN (2020) 
Evidence of energy and nutrient transfer from 
invasive pink salmon (Oncorhynchus gorbuscha) 
spawners to juvenile Atlantic salmon (Salmo 
salar) and brown trout (Salmo trutta) in northern 
Norway. Ecology of Freshwater Fish, 30(2):  
270-283, https://doi.org/10.1111/eff.12582

Dunlop K, Wipfli M, Muladal R, Wierzbinski G 
(2021) Terrestrial and semi-aquatic scavengers 
on invasive Pacific pink salmon (Oncorhynchus 
gorbuscha) carcasses in a riparian ecosystem in 
northern Norway. Biological Invasions 23:973-979, 
https://doi.org/10.1007/s10530-020-02419-x

Mark Wipfli discovered pink salmon eggs in

the stomach contents of an Atlantic salmon.

Photo: Kathy Dunlop / Institute of Marine Research

Terrestrial and aquatic scavengers captured  

by the camera trap while feeding on pink salmon  

carcasses. From Dunlop et al (2021) Biological  

Invasions, 23:973-979. Used with permission  

from Springer Nature
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The red king crab:  
a blacklisted but valuable 
fisheries resource

Jenny Jensen, Magnus Aune, Paul Renaud, Benjamin Merkel and Guttorm Christensen // Akvaplan-niva

With climate change come changes in species distribution. Here 
in the High North, we expect to see many marine species move 
northwards. In addition, humans sometimes move species for 
commercial purposes with varying outcomes. One such species 
is the red king crab.

RESEARCH NOTES

TARTING IN THE 1960S, Russian scientists 
introduced a Pacific marine species, the red 

king crab (Paralithodes camtschaticus), to the 
eastern Barents Sea to establish a new commercial 
fishery. Following this introduction, we have seen 
two parallel developments. First, in recent decades, 
dense aggregations of the species gradually moved 
into Norwegian waters and south-westwards along 
the Norwegian coast. Second, as intended by its 
introduction into the Barents Sea, the crab has 
indeed become a major harvestable stock, with 
commercial catches in Norwegian waters worth 
30 000 000 Euros in 2019. 

However, the red king crab has a destructive 
impact on the benthic fauna: it has therefore been 
blacklisted in Norway and the fisheries authorities 
do not want the species to move further west 
along the coast. Accordingly, current Norwegian 
policy is quota regulations east of Nordkapp and 
free (eradication) fishing in areas farther west. 

As red king crabs can be numerous in an area one 
day and almost completely absent the next, it is 
tricky to locate them for harvesting. Fishers there-
fore spend considerable time and burn much fuel 
searching for crabs. This also causes pollution and 
greenhouse gas emissions that could be avoided 
with better information. This is why a group of 
fishermen from Hammerfest eagerly contacted 
Akvaplan-niva and asked: “What do the crabs do? 
And where ARE they?” With funding from the 
Regional Research Fund North and fishery 
companies, we started to find answers to 
their questions. 

S

Close-up of the acoustic transmitter and  a

contact information tag on a red king crab. 

Photo: Guttorm Christensen / Akvaplan-niva 
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In the study, we equipped 39 crabs with acoustic 
tags that transmitted a signal telling us the iden-
tification code of each individual. These signals 
were then picked up and stored in receivers that 
we moored in a grid system in Gamvikfjorden 
northwest of Hammerfest. By triangulation (using 
the difference in how long it took for signals to 
reach different receivers), we could calculate the 
position of the crabs to within about three metres.

We experienced some challenges with receivers 
being lost, as the next stop northwards of the 
study location is the North Pole and the weather can 
be harsh. In spite of this, we managed to record 
high-quality data from March to October. The data 
revealed many interesting aspects of the crab’s 
habitat use and we found that about half of the 

tagged crabs left Gamvikfjorden within two weeks 
after tagging. Three individuals were recaptured 
in fishing gear as far as 147 km from the tagging 
location, having moved with average speeds of 
200-500 metres per day. 

The crabs that remained in the fjord over the 
summer showed many interesting behavioural 
patterns. For instance, in late spring when the water 
masses were cold throughout, the crabs were 
found both in shallow and deeper waters, likely 
eating different food types. However, as summer 
progressed and temperatures rose above ~6°C, 
the crabs quickly moved into deeper and colder 
waters. Also, many crabs appeared to be social, 
walking together almost all the time. These findings 
confirm that the red king crab can move fast, 

Attaching an acoustic tag to a red king crab 

onboard MS Stormfuglen in Gamvikfjorden. 

Photo: Magnus Aune / Akvaplan-niva

Fieldwork in Gamvikfjorden onboard  

the fishing vessel MS Stormfuglen.  

Photo: Guttorm Christensen / Akvaplan-niva
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but also that it has clear temperature preferences. 
From this, one can make predictions as to where the 
crabs are likely to be at different times of the year. 

Providing the fishermen with precise knowledge 
of where aggregations of the red king crab can 
be found will help them to harvest this valuable 
resource more efficiently, with a higher profita-
bility and a smaller environmental footprint. Our 
new findings can hopefully act as a corner piece 
in the puzzle of understanding the crab in the 
new waters that it has invaded. From this we can 
build additional knowledge to support sustainable 
harvesting and at the same time minimise the crab’s 
southward colonisation. Because let’s face it:  
despite its blacklist membership the red king  
crab is not likely to disappear.  

Two examples of red king crabs’ movements in Gamvikfjorden on the island Sørøya in the period 

May-November 2016. One individual left the fjord rapidly after tagging (left) and one individual 

remained, moving around the study area during the entire 6-month period after tagging (right). 

Map: Magnus Aune / Akvaplan-niva

The principle behind triangulation of red king crabs 

within the acoustic receiver grid. 

Graphic: Jenny Jensen / Akvaplan-niva
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Meltdown of the Arctic 
Ocean: Dead end or new 
opportunities?

Janne E Søreide, Maja Hatlebakk§, Vanessa Pitusi* // University Centre in Svalbard (UNIS)

Malin Daase, Kim Præbel, Rolf Gradinger and Elisaveta Ershova // UiT The Arctic University of Norway

Marvin Choquet // Nord University, Bodø

Haakon Hop and Anette Wold // Norwegian Polar Institute

Barbara Niehoff and Martin Graeve // Alfred Wegener Institute Helmholtz Centre for Polar and Marine Science, Bremerhaven

Gerald Darnis // Université Laval, Québec

Ksenia Kosobokova // Shirsov Institute of Oceanology, Moscow

The Arctic Ocean is changing towards a warmer, ice-free 
state in summer. Warm Atlantic water continuously carries 
plankton organisms from south to north. Boreal species 
usually perish in the cold, dark Arctic Ocean but that may 
change as climate warms, sea ice shrinks, and the primary 
production season lengthens.
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Zooplankton sampling on board RV Kronprins Haakon in the northern 

Barents Sea in December 2019. Sampling in consolidated sea ice in 

winter is challenging, but provides essential new information on  

species adaptation to Arctic environments. 

Photo: Janne E Søreide / University Centre in Svalbard

§  Also affiliated with Nord University

* Also affiliated with UiT The Arctic University of Norway
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Geographical distribution areas for the Arctic Calanus glacialis and the North Atlantic C. finmarchicus.  

Darker colour indicates the species’ core distribution area (modified from Choquet et al (2017) Biology Letters 

13: 20170588, http://dx.doi.org/10.1098/rsbl.2017.0588). Photo shows differences in body sizes between C.  

glacialis (left) and C. finmarchicus (right). Photo: Malin Daase / UiT The Arctic University of Norway

opepods of the genus Calanus dominate  
the zooplankton biomass in the North 

Atlantic and in the Arctic Ocean. They constitute 
the key link between primary producers (micro-
scopic algae) and higher trophic levels, securing 
essential fatty acids such as omega-3 from algae to 
be efficiently channelled to fish, marine mammals 
and seabirds.

Three Calanus species exist in the European 
Arctic. Two of them, the Arctic C. glacialis and the 
North Atlantic C. finmarchicus are frequently used 
as climate indicator species due to their distinct 
biogeographical distribution ranges. The larger C. 
glacialis is found everywhere in the Arctic, whereas 
the smaller C. finmarchicus resides in the Norwegian 
Sea and is restricted to areas influenced by warm 
Atlantic water. Thus, it is considered to be an 
Atlantic expatriate. Body size is commonly used to 
distinguish between these two very similar species. 
However, recent DNA analyses have revealed that 
C. glacialis can actually be much smaller than pre-
viously assumed and that there is a large overlap 
in body size with C. finmarchicus.

Being large is an advantage in environments with 
seasonal resource limitation, such as the Arctic 
Ocean. It allows the organism to store larger 
energy reserves, enabling them to survive periods 
with low food abundance, and to spawn early, 
fuelling reproduction with internal resources, 
before fresh algal food is available. Early spawning 
ensures that the offspring can take full advantage 
of the short algal spring bloom, but it takes time 
to grow large in cold temperatures. Depending 
on food availability it can take one to three years 
for Calanus to reach adulthood. However, with 
higher temperatures and earlier sea ice retreat 
resulting in longer periods of algal production, 
Arctic zooplankton may be able to accelerate their 
development, reduce their generation times and 
hence push the population towards smaller individ-
uals. At the same time, higher sea temperatures and 
a longer open-water productive season will make 
the High Arctic more suitable for boreal species. 
This leaves us with a conundrum: how do we interpret 
an increase in abundance of smaller Calanus? Does it 
reflect a change in species composition, i.e., a north-
ward shift of the small boreal C. finmarchicus? Or is 
the Arctic species becoming smaller? 

C
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Sampling using a snowmobile 

as a winch in January 2009 

during one of many UNIS field 

campaigns over the years. 

Photo: Malin Daase / UiT The 

Arctic University of Norway
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These questions can only be resolved if we include 
molecular identification in long-term zooplankton 
monitoring, since genetics is the only method to 
ensure correct species identification. We may un-
derestimate 20 to 30% of the C. glacialis population 
in some areas if we continue to use only body size 
for species identification. 

SEASONAL BOTTLENECKS FOR SURVIVAL

Seasonal studies from the Arctic Ocean are still a 
rarity. However, recent extensive freeze-in drift 
expeditions by RV Lance (N-ICE2015) and RV 
Polarstern (MOSAiC), combined with seasonal 
cruises by RV Kronprins Haakon (Nansen Legacy) 
and year-round studies in Svalbard fjords (UNIS) 
have improved our understanding of how Calanus 
populations deal with the strong seasonality  
in the Arctic. 

Zooplankton are food-restricted in the High Arctic 
and both C. glacialis and C. finmarchicus experience 
mass mortality at the end of winter, not because 
they are eaten, but because they run out of energy 
stores. Both species grow and build up lipid 
reserves during summer–autumn and hibernate 
at depth in winter to save energy. Year-round 
population- and enzyme studies, however, have 
revealed that C. glacialis has a higher potential 
to metabolise lipids than C. finmarchicus. It is 
therefore more efficient than its boreal sibling at 
utilising the brief feast of the algal bloom to grow 
and to replenish its lipid reserves. Going into winter 
with larger lipid reserves enables C. glacialis to 
develop to adults and start mating as early as 
December-January, almost two months earlier 
than C. finmarchicus. The later reproduction in C. 
finmarchicus increases the risk that the offspring 
may miss the algal bloom feast and must instead 
rely on the much lower algal summer production 
to sustain growth and development. This is why we 
see a more rapid and stronger population build-up in 
C. glacialis than in C. finmarchicus over the summer. 

The dependency of C. finmarchicus on fresh algal 
food to start reproduction is regarded as one of 
the main factors limiting its ability to establish 
local populations in the Arctic Ocean: the season 
here is simply too short for the copepods to grow 
large and fat enough to survive the winter. The 
long dark winter is often the bottleneck for survival 
of more southern species. While boreal species 
may be prominent during summer and autumn, 
the zooplankton community resets to a more 
Arctic mode during winter. 

DEAD END OR OPPORTUNITY?

Our studies demonstrate that closely related  
copepod species with slightly different life strategies 
and environmental preferences co-exist in large 
parts of the Arctic. This co-existence of several 
species within the same copepod genus presumably 
makes high-latitude zooplankton communities 
more resilient to climate change. We may find 
negative climate impacts on species level, but not 
on the genus level. So far, zooplankton studies 
show that both boreal and Arctic species benefit 
from slightly warmer climate, less sea ice and an 
earlier and longer primary production season. 

The main ecological concern in a future warmer 
Arctic with a considerable Atlantification of the  
zooplankton community is the replacement of 
large fat copepods with smaller and less nutritious 
copepods. The reduced generation time and 
increased capacity to complete life cycles in the 
High North will likely increase the overall second-
ary production and thus largely compensate for 
reduced nutritious quantity per individual copepod. 
However, our ability to predict how continuous 
warming will affect the Calanus complex and the 
remaining zooplankton community in the more 
distant future will require a better understanding of 
species’ temperature tolerances as well as potential 
changes in predator pressure as the marine zoo-
plankton and fish community changes.   
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FURTHER READING:

Daase M, Søreide JE (2021) Seasonal variability 
in non-consumptive mortality of Arctic 
zooplankton. Journal of Plankton Research 43: 
565-585, https://academic.oup.com/plankt/
article/43/4/565/6291827

Ershova EA, Kosobokova KN, Banas NS, Ellingsen 
I, Niehoff B, Hildebrandt N, Hirche H-J (2021) 
Sea ice decline drives biogeographical shifts of 
key Calanus species in the central Arctic Ocean. 
Global Change Biology 27: 2128-2143, https://doi.
org/10.1111/gcb.15562

Hop H, Wold A, Meyer A, Bailey A, Hatlebakk 
M, Kwasniewski S, Leopold P, Kuklinski P, 
Søreide JE (2021) Winter-spring development 
of the zooplankton community below sea 
ice in the Arctic Ocean. Frontiers in Marine 
Science 8:609480, https://doi.org/10.3389/
fmars.2021.609480

PROJECT INFORMATION:

Ice-Free Arctic Ocean: Dead end or new opportunities 
for biodiversity and habitat Expansion (FADE), is a 
research project funded by the Fram Centre through 
the Arctic Ocean Flagship (Proj. nr 1182018; 2018-2021). 
In addition to studying the potential for zooplankton 
borealisation, this project has also looked into 
the unique microscopic life forms that live inside 
the sea ice itself (presented in Fram Forum 2021: 
Fjord ice in Svalbard—an important kindergarten 
for seafloor animal babies). This work will continue 
and be expanded to also include bottom-living 
animals, fish, and marine mammals in a new large 
Fram Centre programme (2022-2027): Science for 
sustainable governance of the Arctic Ocean, which 
will not only investigate physical and biological 
changes in the Arctic Ocean, but also raise awareness 
of management issues which are challenged by 
international political and stakeholder interests. 

Conceptual understanding of changes in the Calanus community and body size structure in the Arctic Ocean with  

climate change. In the present and near future scenarios, both Arctic and boreal species thrive and do better in a warmer 

climate with less sea ice and an extended algal production. However, the Calanus population’s size structure changes due to 

increased survival of small boreal species, combined with a decrease in body size in Arctic species. How far this can be 

sustained with increasing warming is currently uncertain. Ultimately, it may lead to the extinction of present Arctic specialists. 

Illustration: Malin Daase / UiT The Arctic University of Norway
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Building Arctic 
oceanographic time 
series: 10 years daring 
the elements

Angelika Renner // Institute of Marine Research

Øyvind Lundesgaard and Arild Sundfjord // Norwegian Polar Institute

It’s November 2019. We’re onboard RV Kronprins 
Haakon north of Svalbard to recover and redeploy  
our Arctic Ocean inflow moorings. We have just 
discovered out that our main mooring has been lost. 
Do we dare put its replacement in the same spot?  
This is A-TWAIN, a true high risk, high reward project!

RESEARCH NOTES

he Atlantic Water inflow is the main 
source of heat for the Arctic Ocean. Part of 

it flows in through the Barents Sea while another 
part moves along the west coast of Svalbard before 
turning eastward and following the continental 
slope north of Svalbard into the Arctic Ocean 
proper. This branch is the focus of A-TWAIN. At 
the start of the project in 2011, we knew little 
about the properties and behaviour of the Atlantic 
Water inflow at the entrance to the Arctic due to 
a lack of long-term observations between Fram 
Strait upstream and the Siberian Seas down-
stream. Major uncertainty was connected to 
circulation at the Yermak Plateau northwest of 
Svalbard. Does more Atlantic Water move around 

or across the plateau? What happens further 
downstream – does it form one or two current 
cores? The A-TWAIN array was designed to 
capture a cross section of the entire inflow, with 
moorings placed across the boundary current 
from the shelf northward to the deep basin. The 
array was placed as far east as possible without 
making annual service logistically unfeasible: at 
31°E north of Kvitøya.

Since the first mooring deployments in 2012 we 
have learned a lot more about the Atlantic Water 
pathways and current structure. It turns out that 
31°E is a great place to monitor the Atlantic inflow. 
This far east, it has formed a strong and coherent 

T
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boundary current fed mostly by Atlantic Water 
that goes over the Yermak Plateau instead of around.
This boundary current follows the continental 
slope and can be traced downstream along the 
Siberian Seas. The core of the current sits on 
average above the 800 m depth contour, making 
our “800 m mooring” a critical tool to investigate 
its variability. The first years of ship-borne and 
mooring data allowed us to describe the structure 
of the current from shelf to deep basin and the 
seasonal and interannual variability in the current 
core. Complementary modelling studies showed 
how eddies can spin off the current, transporting 
warm and salty Atlantic Water into the cold and 
deep Nansen Basin. 

In A-TWAIN we have had the pleasure of collab-
orating with several international institutions 
over the past ten years. Partners from Poland, 
France, UK, and USA have deployed moorings 
during our cruises. This has given much better 
coverage of the Atlantic Water inflow than what 
we would have managed on our own. Consistency 
in carrying out cruises and allowing space and 
time on board for collaborators has enabled better 
planning and use of the critical resource that an 
ice-going research vessel is. Joint data analysis 
similarly increased the value of the observations.

Working with moorings onboard RV Lance in the 

early years of A-TWAIN. Photo: Angelika Renner / 

Institute of Marine Research

RESEARCH NOTES
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Historically, there are many reports of the region 
being sea-ice-free for large parts of the year 
despite being so far north. This is closely tied to 
the ocean circulation around Svalbard. Previous 
studies showed how warm Atlantic Water reaches 
the surface when it flows past the west coast of 
Spitsbergen. Our data revealed that this also is the 
case northeast of Svalbard from summer to early 
winter, until a cold freshwater layer can form on 
top of the Atlantic Water as sea ice moves onto 
and melts above the warm water. Only when that 
fresher surface layer is in place can sea ice that 
is blown in by wind survive, or new sea ice form 
during winter freeze-up.

The latest A-TWAIN publication looks closer into 
drivers of sea ice coverage in the A-TWAIN region, 
making use what had by then become an eight-
year time series from the shelf mooring, together 
with satellite observations of sea ice. The satellite 
record shows how the region north of Svalbard 

is kept ice-free unusually often along the inflow 
pathway of relatively warm water – and increasingly 
so during recent decades. There are large year-
to-year variations in the sea ice coverage which 
do not seem to be simply a result of changes in 
ocean temperature. Instead, the amount of sea ice 
that drifts into the area from the north and east 
determines whether there is little or much sea ice 
in the region in a given year. Sea ice drift is mostly 
driven by wind, and the amount of available sea 
ice has a lot to do with the air temperature. Since 
winds and air temperatures vary more than the 
ocean and can be quite different from year to year 
in this part of the Arctic, the amount of sea ice that 
moves into the A-TWAIN area is equally variable.

We also quickly learned that the continental slope 
and especially the 800 m isobath are dangerous 
places for moorings. The Atlantic Water boundary 
current varies a lot in strength and speed. Espe-
cially in autumn, high velocities in the core can 
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Images from mooring work onboard RV Kronprins Haakon in November 2019 

and 2021. Spotting a mooring in dark, snowy, icy conditions is not an easy 

task. Photos: Angelika Renner / Institute of Marine Research
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“blow over” a mooring: the floats on the mooring 
line, intended to keep the rope upright, are not 
sufficient and the mooring dives. Sometimes the 
current is so strong that the mooring moves or 
breaks and we don’t find it again. 

So what did we do on that cruise in 2019 when 
the 800 m mooring was gone? Of course we put 
out a new one in the same spot in the core of 
the current! And this autumn, back onboard RV 
Kronprins Haakon, we successfully recovered the 
mooring and with it two more years of crucial 
observations in our quest to build up a long-term 
monitoring time series in this inhospitable but 
important region. As the sea ice cover dwindles, 
continued observations here at the entrance to the 
Arctic Ocean are essential to understand drivers 
of changes in the climate and environment of the 
Eurasian shelves and in the interior basins. Future 
Fram Centre research will help us understand 
the emerging blue Arctic Ocean and facilitate safe 
operations and sound management of industries 
and resources.   

The Atlantic Water inflow around Svalbard. 

Schematic map: Øyvind Lundesgaard / 

Norwegian Polar Institute

A-TWAIN

FURTHER READING:

Lundesgaard Ø, Sundfjord A, Renner AHH (2021) 
Drivers of interannual sea ice concentration 
variability in the Atlantic Water inflow region 
north of Svalbard. Journal of Geophysical 
Research: Oceans, 126(4), e2020JC016522, 
doi:10.1029/2020JC016522
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Illustration of EISCAT 3D radars that will be constructed between 

2022 and 2023 in Skibotndalen in Norway, Kaiseniemi in Sweden, 

and Karesuvanto in Finland. Image © EISCAT Scientific Association

Juha Vierinen, physicist at UiT The Arctic 

University of Norway, develops high-tech 3D 

space radars, which will benefit research on 

the northern lights. Photo: David Jensen / UiT 

The Arctic University of Tromsø
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Astounding 
discoveries

Space radars allow researchers to spot some of 
the smallest things in existence – electrons – up 
to a thousand kilometres away! Now an even more 
advanced radar antenna facility is being constructed, 
which will offer unprecedented opportunities. 

RESEARCH NOTES

t’s a staggering thought. Everything in 
the world is made up of tiny atoms. They are 

so small that a single grain of sand contains about 
1 000 000 000 000 000 000 000 atoms. And each 
atom is made up of even smaller particles, including 
electrons.

Yet physicist Juha Vierinen can spot electrons  
one thousand kilometres away!

That is like catching sight of a few gnats buzzing 
around in Bodø all the way from Oslo.

“We can see the individual electrons in groups. 
We measure the density of electrons per cubic 
metre, because it is the density that determines 
how much interference we get in our electronic 
communications,” explains Vierinen.

He is involved in development of new high-tech 3D 
space radars, to obtain the best possible data for 
research on the northern lights.

SUPER-MODERN RADAR TECHNIQUES

Since the 1970s, the physicists at UiT have been 
among the main driving forces in the EISCAT 
project, which is a collaboration between many 
European countries, plus Japan and China. One 
large EISCAT facility, located in Ramfjord outside 
Tromsø, uses what is called “scatter” radar tech-
nique to study the earth’s upper atmosphere. Over 
the years, the project has attracted researchers to 
Tromsø from all over the world.

In 2022/2023, EISCAT will be replaced by a brand 
new radar facility – EISCAT3D. A total of 10 000 

Trude Haugseth Moe // UiT The Arctic University of Norway

I
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radar antennas will be deployed in Skibotndalen; 
similar arrays will be constructed at Kaiseniemi 
near Torneträsk in Sweden and Karesuvanto in 
Finland. In addition to research, EISCAT3D could 
also have an operational role in international 
space weather forecasting.

The new radars will be much more advanced 
than their predecessors. For example, their focus 
can be redirected at lightning speed if something 
interesting happens in space, and they will have 
much higher resolution and focal length.

The researchers say that using these new radars 
will be like getting new, much stronger glasses: 
they will suddenly be able to see things that used 
to be out of focus.

The “old” system consists of satellite dishes, which 
take a long time to move. When taking a bearing, 
they can only measure one direction at a time. 
The new antennas will send out an entire cluster 
of rays, simultaneously capturing images covering 
an enormous segment of sky. Since there will also 
be EISCAT3D facilities in Finland and Sweden, 
measurements will be obtained from three different 
angles, allowing the researchers to see the northern 
lights in three dimensions. Then they will be able 
to detect impending phenomena, such as a plasma 
cloud or another structure, and can focus the 
radars on it.

Existing EISCAT facilities in Ramfjord. 

Photo: Jon Terje Hellgren Hansen / UiT The 

Arctic University of Norway
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Aerial photo of the future  

EISCAT 3D array being  

constructed in Skibotndalen 

in Norway. Image © EISCAT 

Scientific Association

OPENING A NEW WORLD

“In addition to being able to scan the sky faster, 
thus getting a much better picture of the part of 
the atmosphere where the northern lights appear, 
the radars will allow the researchers to do even 
more,” says Vierinen.

• They will be able to create radar maps 
 of the moon for studies of lunar geology. 

• They will be able to trace the paths of 
 meteoroids burning up in our atmosphere. 
 As many as two thousand meteors per hour  
 could be observed! 

• They will be able to track and detect “space  
 junk”, human-made objects that have been left  
 behind in space, such as satellites no longer 
 in use, or rockets and fuel used in launching
 satellites. 

The amount of space junk has increased signifi-
cantly over the years. Reliable sources estimate 
that 7 500 satellites have been placed in Earth’s 
orbit since 1957, of which around 4 300 are still 
in space. Only 1 200 of them are still operational. 
The rest are considered space junk.

About 29 000 pieces of space junk larger than 10 
centimetres have been mapped so far. This rubbish 
poses an increasing risk to space travel.

The new facility will therefore provide many new 
opportunities.

MANY QUESTIONS REMAIN

We now know a lot about how space works. But the 
researchers still have many unanswered questions.

“We want to improve our ability to predict major 
solar flares and other solar storms over the longer 
term. So we need to understand even more about 
how the storms arise and how they move through 
space,” says Vierinen.

This is why he believes that basic research – when 
scientists investigate something without knowing 
what they might find – is crucial.

“Basic research is important because we don’t 
really know what is important. If Einstein  
hadn’t embraced his curiosity and investigated 
phenomena, he wouldn’t have developed the  
theory of relativity or quantum mechanics,”  
Vierinen concludes.   
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Initiation of environmental 
science cooperation between 
Norway and Russia in 1992

Salve Dahle, Lars-Henrik Larsen and Alexei Bambulyak // Akvaplan-niva

Norway’s relationship with its superpower neighbour to  
the east has often been tense. In this article, Salve Dahle  
and co-authors give an eyewitness account of the time  
just after the fall of the Soviet Union, when cross-border 
tensions began to ease.

RETROSPECTIVE

arly on the morning of 30 July 1992, I 
woke up in my cabin onboard RV Dalnie 

Zelentsy. We had entered a narrow fjord at the 
south end of Novaya Zemlya during a foggy night, 
seeing nothing. Keen to see what nature looked 
like in this legendary “cold war” archipelago, 
I peered out of my little porthole. Through the 
mist, my gaze fell straight onto a big warship that 
had run aground and lay on its side, guns pointing 
into the sky. Along the beach, scrap metal, logs, 
and debris filled the rest of my view.

When the fog cleared, an Arctic tundra and 
mountain landscape in all its summer beauty was 
revealed, but with big scars from its history of be-
ing the Soviet Union’s northern centre for nuclear 
testing. I understood that we had arrived at Guba 
Chernaya, and that my colleague Lars-Henrik 
Larsen and I, together with our Russian partners, 
were about to make history.

BACKGROUND – THE HISTORICAL CHANGES

Looking back, it is difficult to comprehend that 
over several decades during the Cold War, there 
was almost no cooperation between Norway and 
the USSR. The Kirkenes border was essentially 
closed. The long-standing and prosperous com-
mercial and social exchanges across the border 
known as the Pomor trade ended abruptly after 
the Bolshevik Revolution in October 1917. The only 
ongoing cooperation between Norway and Soviet 
Union during the Cold War years was on fisher-
ies management, based on agreements from the 
1950s and 1970s.

During the 1980s, rumours of environmental 
catastrophes in Siberia abounded in the Western 
press. In Kirkenes, people demonstrated against 
“death clouds” from the nickel smelters just across 
the border, and there was a great fear that pollution, 

E
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oil, and radioactivity could be transported with 
the Siberian rivers into the Arctic Ocean and the 
rich fishing grounds of the Barents Sea.

The famous 1987 speech in Murmansk by the  
General Secretary of the Communist Party, 
Mikhail Gorbachev, initiated the processes that 
ended the Cold War, and the subsequent fall of 
the Iron Curtain in Europe. As part of the devel-
opment, the countries in the Arctic took their first 
steps towards cooperation to gain a better under-
standing of the Arctic environment. In December 
1991, scientists from the Arctic countries met in 
Tromsø to agree on which contaminants should 
be prioritised for study, and on study protocols. 
The Tromsø meeting kick-started the Arctic 
Monitoring and Assessment Programme. AMAP 
eventually became one of the working groups 
under the Arctic Council, which was established 
in 1996. AMAP’s ability to organise work across 

the Arctic was essential, and the AMAP guidelines 
for sampling and scientific analyses were crucial 
to enable comparison of results across the borders 
and to understand the effects of long-range trans-
ported pollutants.

THE START OF A NEW ERA

Our voyage in July 1992 was the first expedition 
including scientists from Western countries on a 
Russian vessel into Russian seas after the Second 
World War. To underline the importance of the 
endeavour, the expedition was headed by the 
director of Murmansk Marine Biological Institute 
(MMBI) of the Russian Academy of Science, Dr 
Gennady Matishov. In addition to scientists from 
Akvaplan-niva, three Norwegian ornithologists, 
and two representatives from the oil company 
Amoco took part in this “complex” expedition, 
along with 15 researchers from MMBI.

Landing in Guba Chernaya. 

Photo: Murmansk Marine 

Biological Institute 
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Scrap metal littered the beaches 

of Guba Chernaya, Novaya Zemlya. 

Photo: Salve Dahle / Akvaplan-niva

Sampling bottom sediments 

for analysis of contaminants. 

Photo: Gunn Karin Karlsen / Akvaplan-niva
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The team mission was to study marine biodiversity 
and establish the level of various contaminants  
of concern: heavy metals, oil hydrocarbons,  
and persistent organic pollutants (POPs). Our 
colleagues from MMBI also took samples for 
analyses of man-made radionuclides. The expedi-
tion collected sediment samples along the Kola 
coast, across the Pechora Sea, in fjords of Novaya 
Zemlya, and from the deep trough south of the 
archipelago. The sampling also included sediments 
from dumping sites for nuclear waste. The illegal 
Soviet dumping of nuclear waste in Russian waters 
had just been made known by the “White Papers” 
published by the scientist Alexey Yablokov, serving 
under President Boris Yeltsin.

WHAT WE LEARNED

This was the first of several joint Akvaplan-niva 
and MMBI expeditions. During the ensuing years, 
Akvaplan-niva researchers and Russian colleagues 
travelled across the Norwegian and Russian  
European Arctic, visiting Franz Josef Land,  
Novaya Zemlya, Svalbard, the military and  
commercial harbours around Murmansk and 
Arkhangelsk, and the Kara Sea, into which flow 
the huge rivers Ob and Yenisey. At many of the 
sites visited, it was the first time Russian and  
Western scientific teams collaborated.

The joint work represented a major contribution  
to AMAP reports and documented that the  
concentrations of pollutants in the Russian  
Arctic were not any higher than in other places  
in the Arctic. The alarming environmental picture 
painted around the breakup of the Soviet Union 
could not be supported by our discoveries. 

Original map from 1992 showing Novaya  

Zemlya nuclear testing sites and dumping sites.  

Map: Polish Academy of Sciences, Sopot, and 

Murmansk Marine Biological Institute, Russian 

Academy of Sciences, Murmansk
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There were, however, “hot spots” connected to 
harbours and military facilities, and at nuclear 
testing and dumping sites. As an example, the 
concentration of radioactive pollution in Guba 
Chernaya measured in 1992 was among the 
highest ever observed in the marine environment 
worldwide. However, our study also showed that 
the high levels were to be found in the deeper 
parts of the fjord. The concentrations south of the 
archipelago were within ranges found elsewhere 
in the Barents Sea. 

Landing in Guba Chernaya to  

collect terrestrial samples for  

analysis of contaminants.  

Photo: Salve Dahle / Akvaplan-niva

REFLECTIONS

The 1992 voyage over almost four weeks onboard 
RV Dalnie Zelentsy was an adventure in many 
ways. We worked alongside experienced scientists 
but were unfamiliar with their previous work, 
and vice versa. There were language problems: 
English-speaking Russian scientists were at that 
time almost non-existent (though several spoke 
German or French) and our Russian language 
skills were fragmentary. Nevertheless, we made 
friends for life. In a situation like today’s, with 
increasing tension between Russia and Western 
countries, this is important to remember. Friend-
ship also motivates us to strive to continue the 
important cross-border scientific cooperation, 
which in itself contributes towards easing tension 
across the borders.   
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The expedition team before departure outside the Academy 

of Science building in the settlement Dalnie Zelentsy, Kola Coast. 

Photo: Murmansk Marine Biological Institute 
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Natural radionuclides  
in seafloor sediments of 
Norway’s continental shelf

Hilde Elise Heldal and Andrey Volynkin // Institute of Marine Research

Hallvard Haanes, Tanya Hevrøy and Hilde Skjerdal // Norwegian Radiation and Nuclear Safety Authority

Henning Jensen and Aivo Lepland // Geological Survey of Norway

One goal of Norway’s integrated ocean management 
plan is that “Operational discharges (from offshore 
petroleum activities) will not result in higher levels of 
naturally occurring radioactive substances”. Is the goal 
being reached? An interdisciplinary group of scientists 
are now trying to find out.

adium-226 (226Ra) and radium-228 (228Ra)  
are two naturally occurring radionuclides 

with physical half-lives of 1 600 and 5.75 years, 
respectively. They are part of the decay chains of 
the primordial radionuclides uranium-238 (238U) 
and thorium-232 (232Th).

Natural sources for these radionuclides to the 
marine environment include radioactive decay of 
their parents in the water column and sediments, 
and supply from land. Levels are also dependent 
on the source rock. Elevated levels of 226Ra and 
228Ra are expected in sediments derived from 
rocks such as granites and pegmatite, which are 
important carriers of both uranium and thorium. 
Factors that decrease Ra levels in Norwegian marine 
areas are radioactive decay and dilution by inflowing 
Atlantic water, which has low Ra concentrations. 

R
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An additional anthropogenic source for 226Ra and 
228Ra is discharge of produced water from the oil 
and gas industry. At the Norwegian continental 
shelf, this corresponds to approximately 400 GBq 
yearly of each radionuclide. Around 90% of this is 
discharged to the North Sea. Discharges from the 
UK oil and gas industry are of similar size  
(www.ospar.com). 

Produced water contains levels of 226Ra and 228Ra 
that are up to three orders of magnitude higher than 
the background levels in the ambient seawater. The 
levels of natural radionuclides in the produced 
water vary greatly between different oil and gas 
fields. This variation may be related to the geological/ 
mineralogical characteristics of the reservoirs. The 
amount of produced water discharged also varies 
greatly between different fields, often reflecting  
how long the field has been in production. 
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Researchers Anders Fuglevik and Hilde 

Elise Heldal from the Institute of Marine 

Research sampling sediments in the Bar-

ents Sea. Photos: Erlend Astad Lorentzen / 

Institute of Marine Research
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Yearly discharges (2016-2020) of natural radionuclides (total for 226Ra, 228Ra and 210Pb, in giga-bequerel GBq) with 

produced water from a selection of fields on Norway’s continental shelf. Data source: Annual reporting from the 

Norwegian oil and gas industry to the Norwegian Radiation and Nuclear Safety Authority (DSA).

Activity concentrations (Bq/kg dry weight) of 226Ra (left) and 228Ra (right) in surface sediments collected within 

the MAREANO programme, the RAME programme and the monitoring programme for petroleum activities on the 

Norwegian continental shelf. A selection of oil and gas fields are shown (Alvheim (Al), Balder (Ba), Brage (Br),  

Draugen (Dr), Ekofisk (EK), Grane (Gr), Gullfaks (Gu), Gyda (Gy), Heidrun (He), Jotun (Jo), Norne (No), Oseberg (Os), 

Snorre (Sn), Statfjord (Sf), Troll (Tr), Ula and Varg (Va)). 
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Results from simulations of the dispersion of 226Ra 
in the marine environment, and experimental 
studies of the uptake of 226Ra in marine organisms, 
indicate that the impact of these radionuclides on 
the marine environment is generally low. However, 
an environmental study published in 2012 indi-
cates elevated levels of Ra in the upper layers of 
sediment in the Norwegian Trench and Skagerrak 
and highlights the need for further work to evaluate 
impacts of the produced water discharges.

In the NORM project, data on 226Ra and 228Ra from 
surface sediments of the Norwegian continental 
shelf collected during the period 2004-2020 have 
been compiled. Activity concentrations range 
from 7 to 670 and 6 to 318 Bq/kg dry weight, 
respectively. The highest levels are found in the 
northern North Sea. Several large oil and gas fields 
are located in this area, e.g. the Brage, Gullfaks, 
Snorre, and Troll Fields, all of which discharge 
relatively large volumes of produced water and 
natural radionuclides. The highest levels are  
considerably higher than what is generally found 
in the oceans around the world. The data indi-
cate that the oil and gas industry contributes to 
elevated levels of natural radionuclides in surface 
sediments in the northern North Sea. Thus, the 
goal of Norway’s integrated ocean management 
plans is not being attained.

Apart from the northern North Sea, the levels of 
226Ra and 228Ra are fairly similar across Norwegian 
marine areas. The observed variations may to 
a large degree be due to local variation in e.g. 
sediment composition. Statistical analyses of the 
relationship between radionuclide levels, organic 
carbon content and sediment grain size will be 
performed to further investigate this. 

In further work, we will use sediment cores to 
study potential variations in activity concentra-
tions over the last 50-60 years. The project also 
includes development of a method using barium 
(Ba) as a proxy for Ra. Ba is a chemical analogue 
to Ra, and the amount of data available in the 
MAREANO database is much larger than for 226Ra 
and 228Ra. Knowledge of the Ba distribution in 
sediments in Norwegian marine areas will give 
deeper insight into the distribution of 226Ra and 
228Ra in the marine environment.   

FACTS ABOUT THE NORM PROJECT:

• “Naturally Occurring Radioactive Materials 
 (NORM) in Norwegian marine areas” is funded by 
 the Fram Centre Flagship “Hazardous 
 substances” and the participating institutions.
• Interdisciplinary project group from the Institute 
 of Marine Research, Norwegian Radiation and 
 Nuclear Safety Authority, and Geological Survey 
 of Norway.
• Aims at compiling data on natural radionuclides 
 collected within MAREANO, RAME and the 
 environmental monitoring of petroleum activities 
 on the Norwegian continental shelf. The latter is 
 made available to subscribers in the MOD 
 database (mod.dnvgl.com). The data will be 
 used to study impacts of discharges of natural 
 radionuclides with produced water.
• MAREANO maps depth and topography, sediment 
 composition, contaminants, biotopes and 
 habitats in Norwegian waters. 
• RAME (Radioactivity in the Marine Environment) 
 monitors radioactive contamination.
• The project supports Norway’s contribution of 
 knowledge to international bodies such as OSPAR 
 and AMAP.

FURTHER READING:

Dowdall M, Lepland A (2012) Elevated levels of 
radium-226 and radium-228 in marine sediments 
of the Norwegian Trench (“Norskrenna”) and 
Skagerrak. Marine Pollution Bulletin 64, 2069-
2076, doi: 10.1016/j.marpolbul.2012.07.022

DSA-info 2:2021. Kan vi skille mellom forskjellige 
kilder til naturlige forekommende radioaktive 
stoffer i det marine miljø? In Norwegian. 
Available from https://dsa.no

Norway’s integrated ocean management plans 
— Barents Sea–Lofoten area; the Norwegian 
Sea; and the North Sea and Skagerrak — Report 
to the Storting (white paper). Meld. St. 20 
(2019-2020), https://www.regjeringen.no/en/
dokumenter/meld.-st.-20-20192020/id2699370/
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Drones are being tested as a way to monitor radiation levels safely.  

Photo: Øyvind Aas-Hansen / Norwegian Radiation and Nuclear Safety Authority
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Joining forces against 
radiation accidents 

Along the Norwegian coast two degrees above the Arctic 
Circle, an icebreaker makes its way back from the North 
Pole. Suddenly, a fire breaks out. As nearby ships respond to 
the mayday, the icebreaker reports that its nuclear reactor 
is damaged. Radiation contaminates the crew and the 
environment.

SCIENCE AND SOCIETY

uckily, this radiation emergency is just 
a scenario. We present it here to describe 

how a Tromsø-based cooperation strives to manage 
radiation risks in the Arctic. The scenario was  
included in a booklet given to experts called  
to participate in a tabletop exercise in 2019 by  
the Emergency Prevention, Preparedness and  
Response (EPPR) Working Group of the Arctic 
Council, led by the Norwegian Radiation and 
Nuclear Safety Authority (DSA), among other 
partners. This is not the first radiation response 
exercise in the Arctic, and it will not be the last. 
Radiation has been a threat to the Arctic for  
decades, but today, climate change may change 
the nature of this threat.

In the Arctic, radiation is a concern because the 
region has been a dumping ground for radioac-
tive materials, served as a testing site for nuclear 
weapons during the Cold War, and is currently 
home to numerous potential sources of radioac-
tive contamination in the marine environment. In 
the case of a radiological accident or emergency, 
response can be particularly challenging in the 
region considering the extreme climatic condi-
tions, sparse and limited infrastructure, and the 
required coordination between different authorities 
– often across borders.

  1  Chair of EPPR’s Radiation Expert Group

  2  Head of AMAP’s Radiation Expert Group

  3  Executive Secretary, EPPR

  4  Deputy Executive Secretary, AMAP

Øyvind Aas-Hansen1 , William Standring2  and Justin Gwynn // Norwegian Radiation and Nuclear Safety Authority

Jessica Cook // Arctic Council Secretariat

Nina Ågren3  // Emergency Prevention, Preparedness and Response Working Group of the Arctic Council

Jan René Larsen4  // Arctic Monitoring and Assessment Programme

L
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For three decades, regional and international 
authorities, scientists and emergency responders 
from the Arctic States have worked together to 
monitor and mitigate radiation risks. At the Fram 
Centre, three organisations sit in separate offices 
but work in collaboration towards the same goal: 
understanding radiation and mitigating its risks.

The Arctic Monitoring and Assessment Programme 
(AMAP), a working group of the Arctic Council, 
has carried out assessments of radioactivity in  
the Arctic since the 1990s. Such work is used by 
regional and emergency authorities including 
EPPR and the DSA, to mitigate, prepare for, and 
respond to risks.

In 2019, in view of the need to enhance work and 
cooperation around maritime radiation emergen-
cies, EPPR’s Radiation Expert Group was founded. 
It was a natural fit that Øyvind Aas-Hansen, Senior 
Advisor at the DSA, would become the Expert 
Group’s Chair.

“If there’s a radiation emergency, cross-cutting 
cooperation between emergency response actors 
and Arctic States would be very, very important,” 
says Aas-Hansen. “We may be three, relatively 
small branches sitting in the Fram Centre, but our 
work individually and cooperatively is a major 
driving force for radiation work in the Arctic.”

Illustration: Susan Novotny / Arctic Council Secretariat

SCIENCE AND SOCIETY
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Emergency responders train how to deal with potential 

accidents involving radiation. Photo: Øyvind Aas-Hansen / 

Norwegian Radiation and Nuclear Safety Authority

SCIENCE AND SOCIETY
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Radioactivity in the Arctic is also one area of 
increasing importance for international coopera-
tion. Currently, there are three nuclear submarines 
lying on the seafloor in the Arctic, along with other 
dumped nuclear waste. K-159, one of the three 
nuclear submarines, sank just outside Murmansk 
in the Barents Sea and is the single largest poten-
tial source of radioactive contamination to the 
Arctic. Releases from any of these sunken and 
dumped objects that lead to any increase in envi-
ronmental levels can have serious consequences 
for fisheries, local residents, and the environment. 
Plans are underway to raise and dispose of some 
of this nuclear waste, but to do so poses unique 
challenges and is not without risk.

Inter-organisational cooperation is central to 
EPPR’s Radiation Expert Group’s work. In addition 
to accident exercises, identifying radiation risks is 
also a cooperative effort. EPPR’s recent qualitative 
report, Radiological/Nuclear Risk Assessment in 
the Arctic, compiles scenarios that could initiate 
a radiation emergency, and rates them on a scale 
from low risk to extreme risk.

Encouragingly, the report did not find any current 
scenarios that pose a high or extreme risk. How-
ever, emergency scenarios rated as moderate or 
increasing risks include those involving nuclear-
powered vessels, floating nuclear power plants, 
sea transport of nuclear materials, and future use 
of small modular reactors.

“A key part of our work isn’t only the emergency 
prevention, preparedness, and response to radiation 
accidents, but also the concerns of people living 
in the Arctic,” says Aas-Hansen. “We can release a 
report that outlines areas of low risk, but if people 
have concerns, then we should address them.”

DSA 

The Norwegian Radiation and Nuclear 
Safety Authority (DSA) is Norway’s national 
authority and expert body in matters 
concerning nuclear safety, radiation 
use, natural radiation and radioactive 
contamination in the environment. It is a 
directorate under the Norwegian Ministries 
of Health, Climate and Environment, and 
Foreign Affairs. In its Tromsø branch, DSA 
operates an advanced radiation laboratory 
and emergency response training, as well 
as managing assets located in the FRAM 
Centre.  

EPPR 

The Emergency Prevention, Preparedness 
and Response Working Group of the Arctic 
Council (EPPR) contributes to international 
cooperation on issues of environmental and 
other emergencies, accidents, and search 
and rescue in the Arctic. 

AMAP

The Arctic Monitoring and Assessment 
Programme (AMAP) is a Working Group 
of the Arctic Council that is responsible 
for measuring and monitoring pollutants 
and the effects of climate change on 
ecosystems and human health in the Arctic. 
In 2023, AMAP is planning to deliver an 
updated assessment of radioactivity issues 
of concern.

SCIENCE AND SOCIETY
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FURTHER READING:

Arctic Council EPPR (2021) EPPR Consensus 
Report: Radiological/nuclear risk assessment in 
the Arctic. Arctic Council Emergency Prevention, 
Preparedness and Response (EPPR) Working 
Group, Tromsø, Norway, ISBN 978-82-93600-
65-7, https://oaarchive.arctic-council.org/
handle/11374/2619

Arctic Council EPPR (2021) RADEX 2019 table-
top exercise, ISBN 978-82-93600-67-1, https://
oaarchive.arctic-council.org/handle/11374/2618

Arctic Council AMAP (2016) AMAP Assessment 
2015: Radioactivity in the Arctic. Arctic 
Monitoring and Assessment Programme (AMAP), 
Oslo, Norway, ISBN 978-82-7971-098-1, https://
oaarchive.arctic-council.org/handle/11374/1785

As climate change rapidly impacts the Arctic, the 
radiation risks are also changing – an issue that 
AMAP has been monitoring for over a decade.

A more accessible Arctic Ocean will increase 
human activity in the region. We have already 
witnessed the development and transport of 
floating nuclear power plants in the Arctic, which 
raises issues about how waste will be handled, 
and a possible increase in the risk of radioactive 
contamination. Climate change could potentially 
mobilise radioactive materials that currently lie 
dormant on land and in glaciers, via processes 
such as permafrost thaw, erosion, precipitation, 
and extreme weather events – which might also 
impact infrastructure related to nuclear activities 
in the region.

Armed with knowledge about radiation risks and 
threats, authorities are already taking action. One 
research and development project between the 
DSA, the Norwegian Coastal Administration and 
the Norwegian Coast Guard involves deploying 
drones with radiation detectors onboard vessels 
that patrol Norwegian territorial waters. Sensors 
on the drones can send information about levels 
of radiation in the event of an accident to emergency 
responders, allowing them to have a clear picture 
of any possible exposure to radiation from a safe 
distance to the accident location.

“There are many challenges associated with 
radiation risks, but we are always working to 
improve emergency prevention, preparedness, 
and response to best ensure the safety of Arctic 
inhabitants and their livelihoods, as well as the 
Arctic environment,” says Øyvind Aas-Hansen. 
“The key to this is international cooperation, and 
in the future, this could lend itself to a possible 
formal agreement between Arctic States.”   

SCIENCE AND SOCIETY
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Marine mammal 
hotspots in the 
Greenland and 
Barents Seas

Charmain D Hamilton, Christian Lydersen, Jon Aars and Kit M Kovacs // Norwegian Polar Institute

Martin Biuw, Tore Haug and Nils Øien // Institute of Marine Research

Andrei N Boltunov and Varvara Semenova // Marine Mammal Research and Expedition Centre, Moscow

Erik W Born, Mads Peter Heide-Jørgensen, Kristin L Laidre§ , Aqqalu Rosing-Asvid and Fernando Ugarte  

// Greenland Institute of Natural Resources, Nuuk

Rune Dietz and Signe Sveegaard // Aarhus University

Lars P Folkow, Lisa E Kettemer, Erling S Nordøy and Audun H Rikardsen*  // UiT The Arctic University of Norway

Dmitri M Glazov and Olga V Shpak // AN Severtsov Institute of Ecology and Evolution, 

Russian Academy of Sciences, Moscow

Øystein Wiig // Natural History Museum, University of Oslo

The changing environment and an 
expansion of human activity may put 
pressure on animals living in Arctic 
waters. This article describes efforts to 
locate areas where marine mammals 
spend the majority of their time. Such 
information could be useful for species 
management and conservation.

RESEARCH NOTES

§    Also affiliated with the Applied Physics Lab, University of Washington, Seattle
*       Also affiliated with the Norwegian Institute for Nature Research
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Animals with biologging instruments that were included in this study; upper left polar 

bears (N=235), upper right ringed seals (N=73), lower left walruses (N=51) and lower 

right white whales (N=18). Photos: upper left, Jon Aars / Norwegian Polar Institute; 

other photos Kit Kovacs and Christian Lydersen / Norwegian Polar Institute
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arge-scale ongoing environmental 
change and increasing levels of human 

activity in the northeast Atlantic Arctic has 
created a special need to identify marine mam-
mal “hotspots” to help guide management and 
conservation efforts. Observational data from this 
area are limited because there are few human 
settlements, and logistical difficulties such as large 
expanses of sea ice and low levels of light up to 
six months of the year limit traditional surveys at 
sea. Additionally, the cryptic, dispersed nature of 
most Arctic marine mammal populations limits 
their detectability. Thus, we collated all available 
data from biotelemetry instruments deployed 
on marine mammals in the Greenland Sea and 
Barents Sea between 2005 and 2019 to investigate 
the occurrence of marine mammal hotspots and 
areas of high species richness. In addition, the gap 
analysis implicit in such a hotspot analysis serves 
to identify regions and species on which more re-
search is needed. The resulting dataset consisted 
of tracking information from 585 individuals from 
13 different species (73 ringed seals Pusa hispida, 
22 bearded seals Erignathus barbatus, 60 harbour 
seals Phoca vitulina, 51 walruses Odobenus rosmarus, 
20 harp seals Pagophilus groenlandicus, 20 hooded 
seals Cystophora cristata, 235 polar bears Ursus 
maritimus, 23 bowhead whales Balaena mysticetus, 
39 narwhals Monodon monoceros, 18 white whales 
Delphinapterus leucas, 10 blue whales Balaenoptera 
musculus, 6 fin whales Balaenoptera physalus, 
10 humpback whales Megaptera novaeangliae), 
collected by scientists from 11 different institutions 
including three partners within the Fram Centre.

L Various hotspot identification methods were  
explored, but the Getis-Ord Gi* method was c 
hosen as the best to analyse and display the 
results. Getis-Ord Gi* hotspots were calculated for 
each species as well as for all species combined, 
and areas of high species richness were identified 
for summer/autumn (Jun-Dec), winter/spring 
(Jan-May), and the entire year. Locations were 
plotted within a 10 × 10 km grid, and the number 
of individuals of each species (individual hotspots 
analysis), the number of locations for each species 
(location hotspots analysis) and the number of 
species (species richness) were calculated for  
each grid cell. The 10 × 10 km grid was chosen  
as a compromise between showing large-scale  
patterns across the Greenland and Barents Seas 
and showing patterns within small fjords in  
Svalbard and Greenland.

Hotspots (both individual and location) for all 13 
marine mammal species were identified around 
the Svalbard archipelago, in coastal areas of 
northeast Greenland and in the marginal ice zone 
(MIZ) of the Greenland and northern Barents 
Seas. Similarities and differences among hotspot 
locations for each species highlight the ecological 
niches the animals occupy. For example, bearded 
seals and walruses are both benthic foragers that 
feed in shallow, coastal regions and thus they 
would be expected to have similar hotspots in 
regions where both species occur. 
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Getis-Ord Gi* individual hotspots (a, c, e) and location hotspots (b, d, f) for the 13 

species tagged around Svalbard and northeast Greenland over the entire year (a, b), 

during the summer/autumn (c, d) and during the winter/spring (e, f). Increasing inten-

sities of red indicate hotspots of different levels of statistical significance. Figure 

from Hamilton et al (2021) Marine Ecology Progress Series
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Similarities would also be expected among species 
with tightly coastal distributions, such as adult 
ringed seals and white whales in Svalbard, or for 
species that are heavily dependent on specific  
environmental features, such as sea ice in the 
case of subadult ringed seals and polar bears in 
the MIZ. Likewise, species that dive to interme-
diate depths in open ocean areas (harp seals and 
hooded seals) would be expected to have similar 
distributions. However, it must be kept in mind 
that a species can have quite different habitat  
and movement patterns in different areas within 
its overall range. For example, species such as 
ringed seals, bearded seals, and white whales 
have limited seasonal movements in the Svalbard 
region, while these same species display quite  
pronounced seasonal movements, as they follow the 
advance and retreat of the sea ice in the Bering–
Chukchi–Beaufort region. Fjords and coastal areas 
around the Svalbard archipelago and northeast 
Greenland were identified as hotspots for most 
of the marine mammals included in our analyses 
and these same areas were also identified as having 
the highest species richness in the northeast 
Atlantic Arctic.

It is important to note that areas with little tagging 
effort can be underrepresented in this kind of 
hotspot analysis, which is likely the case for north-
east Greenland and certainly the case for the area 
around Franz Josef Land. Despite this bias, the 
results of our marine mammal hotspot analyses 
clearly show that the MIZ of the Greenland Sea 
and northern Barents Sea, and the coastal regions 

FURTHER READING:

Hamilton CD, Lydersen C, Aars J, Biuw M, 
Boltunov AN, Born EW, Dietz R, Folkow LP, Glazov 
DM, Haug T, Heide-Jørgensen MP, Kettemer LE, 
Laidre KL, Øien N, Nordøy ES, Rikardsen AH, 
Rosing-Asvid A, Semenova V, Shpak OV, Svegaard 
S, Ugarte F, Wiig Ø, Kovacs KM (2021) Marine 
mammal hotspots in the Greenland and Barents 
Seas. Marine Ecology Progress Series 659: 3-28, 
https://doi.org/10.3354/meps13584 

Species richness (number of species in each grid cell) for the 13 species of marine 

mammals tagged around Svalbard and northeast Greenland over the entire year (a), 

during the summer/autumn (b) and during the winter/spring (c).

 Figure from Hamilton et al (2021) Marine Ecology Progress Series

and fjords of Svalbard and northeast Green-
land are very important areas for Arctic marine 
mammals. Protection in these areas is needed to 
help guard against a myriad of threats posed by 
climate change and expanding human activities in 
the northeast Atlantic Arctic. Because the location 
and extent of the MIZ varies considerably both 
within and between years, conservation and  
management plans targeting this important  
marine mammal habitat will need to be flexible  
in both space and time in order to protect the 
many species that use this dynamic zone. It is 
noteworthy that many seabird and fish species 
are also found in the MIZ, due to its high summer 
pulse of biological productivity, as well as in coastal 
regions of Svalbard and East Greenland. Thus, 
conservation measures targeting these regions 
will positively benefit many groups of Arctic biota. 
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How can we measure 
sustainable development 
along the coast?

Juliet Landrø // Norwegian Institute for Nature Research

The already high demand for marine resources is growing. 
Change is inevitable both for the natural environment and for 
communities along the coast. That is why researchers at the 
Fram Centre have developed the Coastal Barometer.

SCIENCE AND SOCIETY

he Coastal Barometer is a tool that 
can be used by local communities, interest 

groups and decision-makers in northern Norwegian 
coastal municipalities to check the health of their 
coastal and marine ecosystems.  

Researchers from six different research institutions 
with expertise in economics, sustainability, fisheries 
science, and marine ecology have collaborated 
with local actors and interest groups. This has 
resulted in a set of nine specific indicators: Clean 
Oceans, Biodiversity, Food Production, Marine 
Products, Local Fisheries, Sense of Place, Tourism, 
Carbon Storage, and Economy and Employment. 

A TOOL FOR MUNICIPAL ADMINISTRATION

The goal is for the Coastal Barometer to be a s 
pecific tool that municipalities and administrators 
can use to assess how sustainable their municipality 
is in terms of the indicators listed above. These 
target areas, or topics, are based on the UN’s  
Sustainable Development Goals and national policy. 

MEASURE SUSTAINABLE FOOD PRODUCTION?

Ocean-based food production is important for 
trade and industry, employment, the economy, 
and sustainability along the Norwegian coast. The 
Coastal Barometer can also measure sustainable 
food production from aquaculture.

“Feed is the most important resource in fish farm-
ing, and sustainable use of feed is a key sub-goal 
that is included in the calculations,” says project 
manager Per Fauchald, who is a researcher at the 
Norwegian Institute for Nature Research (NINA).

Sustainable feed use is defined as follows: For 
full sustainability, there should be no net loss of 
nutrients that could otherwise have been used for 
human consumption, and all the feed ingredients 
should be sustainably produced. 

“We created an equation that calculates this, then 
we used data on feed consumption and produc-
tion, and data on nutritional content in the feed 

T
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Per Fauchald, manager of the Coastal Barom-

eter project. Photos: Juliet Landrø / Norwegian 

Institute for Nature Research

ingredients and salmon product to calculate the sub-
indicator for all of the aquaculture municipalities 
located in northern Norway,” he says.

Similarly, the researchers calculated sub-indicators 
for escaping fish, salmon lice, and local pollution, 
and entered them into the equation to calculate 
sustainable food production from aquaculture at a 
municipal level.

As a result, it provides a measurement showing the 
percentage of food production that is sustainable. 

“The great thing about this indicator is that it 
specifically defines and measures sustainability, 
and one can therefore compare sustainable food 
production between different companies and areas, 
and between different production systems and 
sectors,” says Fauchald.

“Since they have defined the sub-indicators 
related to sustainability, they can also investigate 
what is most important, and therefore give advice 
on what to prioritise in order to increase overall 
sustainability,” says Fauchald.

The project is funded by the Research Council of 
Norway, FRAM - the High North Research Centre 
for Climate and the Environment, and the Fram 
Centre Flagship called Environmental impacts of 
industrial activity in the north (MIKON).   
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Reconstructing historic 
Southern Ocean sea ice 
from Norwegian ship logs

Dmitry V Divine, Svetlana Divina, Elisabeth Isaksson, Ivar Stokkeland and Harald Dag Jølle // Norwegian Polar Institute

Clive Wilkinson // CSW Associates Data Services, UK

ntense whaling in the Southern Ocean 
throughout the early- to mid-20th century 

is notorious for its effect on whale populations. 
Although it is an iconic example of unsustainable 
economic activity, the whaling left behind an 
extensive stratum of documents and accounts on 
a wide range of subjects, from economics to safety 
management. This rich historic source material 
has been, and still should be studied. One largely 
underexplored area where one can successfully 
mine for knowledge is sea ice and climate of the 
Antarctic region.

Our understanding of the Antarctic climate suffers 
from a lack of high-quality instrumental obser-
vations from the region throughout a substantial 
part of the 20th century. The first observational 
network in the region was established during the 
International Geophysical Year of 1957, whereas 
regular sea ice data are not available until the start 
of satellite-based monitoring in 1979. This limits 
the capabilities of climate models and climate 
reanalysis products for the region in the pre-1980 
period, with implications for understanding the 
signature and effects of ongoing anthropogenic 
warming in the Antarctic region. 

RETROSPECTIVE

Whaling around Antarctica in the first half of the 
20th century had a devastating effect on the 
global population of blue and fin whales. These 
depredations left behind impoverished seas, but 
also intriguing relics in the form of handwritten 
records of conditions in the Southern Ocean.

I
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Collection of journals with meteorological obser-

vations conducted onboard Norwegian factory 

ships in the Southern Ocean during 1932-1939. 

Photo: Norwegian Polar Institute library
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Historical data example: fragment of a page in the logbook of Antarctic 

for the afternoon of 15 March 1931, showing information on weather 

(green box) and sea ice (red boxes). The vessel is reported to be drifting 

at the ice edge (“beliggende ved iskanten”) or in ice pack (“beliggende 

i isen”) at S69.5°, E26.55°. Weather after conversion to modern units: 

air temperature about -5°C; easterly winds 9-13 m/s, overcast, snow 

flurries. Photo: Clive Wilkinson
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Complementary data sources such as ships’  
logbooks have already proven to be a successful 
tool in reconstructing past marine climate. 
Although recent years have seen significant efforts 
to recover information from ships’ logbooks,  
data from the Antarctic region are largely yet to  
be digitised and analysed. In contrast to logbooks 
from infrequent Antarctic expeditions, accounts 
from commercial vessels are much more abun-
dant and represent a promising source of valuable 
climate information. 

This article is based on a project that aimed to 
reconstruct past sea ice extent and climate vari-
ability in the Southern Ocean using data sources 
previously unavailable to modern tools and methods 
of data analysis. 

HISTORICAL SOURCES REVEAL CLIMATE

Once economic activity in the region started in 
the late 19th century, the number of vessels from 
various national whaling fleets operating in the 
area during austral late spring to early fall grew 
until the introduction of restrictions on the South-
ern Ocean whaling in the late 1960s. In the early 
1930s, dozens of vessels could annually be active 
in the whaling grounds of the Southern Ocean. 
When these ships were sailing at high latitudes, 
relevant information on marine climate, including 
sea ice, would be registered on a regular basis in 
a captain’s/first mate’s logbook (“Dekksdagbok”), 
a catchbook (“Fangstdagbok”) and inspector’s 
diaries and reports. The frequency of these notes 
and the quality of the observations vary between 
the documents and types of vessels, but they were 
generally more consistent for factory ships. For 
analysis, we primarily selected accounts providing 
relevant information on at least a daily basis. 

Naturally, not all documents have survived, but 
several relevant logbooks from Norwegian vessels 
were archived in the Vestfold library and the 
Whaling Museum in Sandefjord. During a recent 
recovery effort many logs were inventoried, imaged, 
and made available for processing and analysis. 

REDISCOVERING FORGOTTEN TREASURES

The idea of opportunistically using commercial 
whaling to establish a meteorological observa-
tional network in Antarctica emerged already 
during preparations for the second International 
Polar Year (1932-1933). The national committee 
led by H U Sverdrup (at the time a professor at the 
Geophysical Institute of the University of Bergen), 
with support from the Norwegian Meteorolog-
ical Institute and through a collaboration with 
Hvalfangerforeningen (Whalers Union of Norway), 
agreed to establish up-to-date meteorological  
stations onboard ten Norwegian factory ships.  
A centralised purchase of standardised meteor-
ological instruments followed, accompanied by 
dedicated training of a few crew members on-
board each vessel to ensure that the observations 
would be conducted in accordance with interna-
tional standards. Though the number of vessels 
participating in this programme decreased over 
time, the legacy of this initiative now comprises 
a collection of more than 50 meteorological jour-
nals covering seven whaling seasons in the period 
of 1932-1939. Even though these observations were 
used in the early research on the climate of the 
region, they seem to have been forgotten, and the 
compete collection was never transferred into 
any modern digital climate data archive. Given a 
high demand for good-quality climate data for this 
period and region, an effort for their digitalisation, 
reanalysis and publishing is needed.
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ANTARCTIC SEA ICE COVER BEFORE 1979

Sea ice is a convenient climate indicator and 
straightforward to observe. Though discrimination 
between ice types requires specific knowledge, 
the mere fact that sea ice presence is registered in 
a particular location tells a lot about the state of 
the climate system on spatial scales from local to 
regional.

Previous attempts to infer 20th century sea ice 
changes in the Southern Ocean were based on the 
analysis of whale catch positions. These studies 
suggested that Antarctic sea ice has receded sub-
stantially (by 3-8 degrees latitude) since the 1930s. 
However, analysis of logbooks shows that whaling 
could occur both inside and well outside the ice 
pack. This speaks for using the more reliable 
actual reports of sea ice or open water conditions 

instead. Strong intraseasonal changes in the  
Antarctic sea ice extent should also be taken  
into consideration, to avoid the effect of seasonal 
biases in the inferred status of the sea ice pack.

As of December 2021, more than 30 documents in 
Norwegian from the 1930s had been transcribed 
and analysed in the first phase of the project.  
Accounts from the factory ships Svend Foyn,  
Antarctic, New Sevilla, Hektoria, Thorshammer,  
Terje Viken and the research vessel Norvegia 
provided about 4000 actual observations of air 
temperature, wind force and direction, state 
of the sea surface, and sometimes sea surface 
temperature. About 1300 observations contained 
information on sea ice or open water conditions, 
providing a valuable insight on sea ice conditions 
during this period.

Analysed vessel positions at which ship 

logs provide information on weather and 

the state of the ice cover in the 1930s.

Maps: Norwegian Polar Institute
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WHY FOCUS SPECIFICALLY ON THE 1930S?

While it would be easiest to point to the generous 
number of archival sources available for this 
period, this is far from being the principal answer. 
By coincidence, these sources bear witness to 
conditions in the Southern Hemisphere during 
the 1920s-1930s when the Northern Hemisphere 
experienced what is now called “the early 20th 
century warming”. In the Arctic this prominent 
climate swing led to a substantial reduction of sea 
ice extent and positive air temperature anoma-
lies that were not exceeded again until the past 
two decades. This motivates assessing a possible 
Antarctic manifestation of this phenomenon, and 
comparing the relative phasing of climate evolution 
between the two hemispheres. This may have 
implications for understanding and predicting the 
future effects of ongoing anthropogenic warming 
on the Antarctic region.

OUTLOOK

Analysis of the historic sea ice observations 
recovered so far does not provide evidence for a 
substantial recession of sea ice in the Antarctic 
region since that time. We note that past sea ice 
observations in late winter in this region extended
2-3 degrees latitude farther north than the modern 
average sea ice edge position as shown by satellite 
observations of 1981-2010. However, this com-
parison also shows that past ice edge position/
ice observations mainly lie within the natural 
variability over the satellite period. These results 
motivate further exploration and exploitation of 
available Norwegian historical maritime sources. 
This would help fill the gaps in our knowledge 
about pre-satellite era sea ice and climate variability 
in the Southern Ocean. In addition to encouraging 
the analysis and publication of results, we recom-
mend that these invaluable data be integrated into 
existing climate databases, thus making them 
available for future research.   

Positions of sea ice observations/sea ice 

edge for November (month close to the 

maximum sea ice extent in the Southern 

Ocean) with inferred sea ice concentra-

tions during the 1930s shown together 

with modern median satellite-based sea 

ice presence, including the 15% ice edge 

over 1981-2010. Note that most of the 

blue circles indicating historic presence 

of ice are located within the area where 

sea ice is present in modern times. In the 

Indian sector of the Southern Ocean (60 

to 90°E) some of the positions recovered 

from daily ships logs and reported as 

being next to the ice edge may lie outside 

the contemporary seasonal ice zone. 
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Sea ice is declining in the Arctic. Scientists from the Fram Centre and the Nansen Legacy project 

have established records of past sea ice fluctuations, highlighting that current sea ice decline 

cannot be explained by natural causes. Photo: Katrine Husum / Norwegian Polar Institute

Satellite observations of  

sea ice in Fram Strait in  

September since 1979.  

The declining trend is clear.
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Seasonal sea ice 
persisted at 80°N during 
warm conditions in the past

Katrine Husum, Anna J Pieńkowski and Dmitry V Divine // Norwegian Polar Institute

Simon T Belt, Denizcan Köseoğlu and Lukas Smik // University of Plymouth, UK

Ulysses Ninnemann // University of Bergen

Jochen Knies // Geological Survey of Norway and UiT The Arctic University of Norway

Kelly Hogan // British Antarctic Survey, UK

Riko Noormets // University Centre in Svalbard

Sea ice is declining in the Arctic. But how great is the full 
range of natural variations? Can we gain perspective on 
the changes we are seeing now? By analysing seabed 
sediments, scientists have established records of past 
sea ice fluctuations. Here is what those record reveal.

RESEARCH NOTES

bout sixty years ago the world’s first 
satellite was deployed, and since 1978 earth 

observation satellites have continuously moni-
tored the extent and concentration of sea ice in 
the Arctic. The data from these four decades show 
a decline of sea ice which is thought to be caused 
by shifting atmospheric winds and increased 
temperatures, possibly linked to the greenhouse 
effect. However, they do not show the natural sea 
ice situation before the world was affected by cli-
mate warming. In order to obtain data on natural 
variations in sea ice from the time before satellites 
made instrumental measurements possible, we 
analyse the chemical composition of marine 
sediments.

Algae and plankton that live near and within 
sea ice produce “biomarkers”, characteristic 
compounds called highly branched isoprenoids/
HBIs. When the organisms die, they fall to the 
seabed, and we find HBIs preserved in marine 
sediments. Marine sediments are deposited 
over time, like layers in a layer cake, one top 
of the other. Hence, when we take a sediment 
core – a vertical sample from the sea floor – we 
sample all these layers. Ideally, they represent a 
continuous recording of natural processes from 
present to the past. We measure HBIs and use 14C 
radiocarbon dating to determine the age of the 
layers in the marine sediments. 

A
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In this study we investigated two marine sediment 
cores from the northern Barents Sea northeast of 
Svalbard at about 80°N. The study clearly shows 
that there has been continuous seasonal sea ice 
northeast of Svalbard since the last ice age. The 
sea ice decreased sharply during the cold climate 
period Younger Dryas and was at a minimum at 
the beginning of our current interglacial Holocene 
warm period. Conditions during the beginning 
of the Holocene were warmer than they are now; 
nonetheless, sea ice was present. The data also 
clearly show continuous presence of sea ice with a 
coverage of 10-60% in spring northeast of Svalbard 
since the last ice age. 

The youngest data point in this study is from 1905, 
so this reconstruction does not show development 
over the last century. Modern observations sug-
gest that seasons with relatively little sea ice have 
increased in frequency over the past 10 years. The 
geographical area of the sea ice cover is shrinking, 
and sea ice is disappearing earlier in the season 
than has previously been observed. The long-term 
historical reference values from this study indicate 
that the current sea ice situation could resemble 
the conditions just after the last ice age (approxi-
mately 9500-9000 years before our time), when 
changes in the earth’s orbit and rising greenhouse 
gas levels drove massive cryosphere retreat. 

Surface sediments from the sea floor 

obtained by a multicorer. Photo: Katrine 

Husum / Norwegian Polar Institute

A multicorer being deployed from RV 

Lance to retrieve marine sediments. 

Photo: Katrine Husum / Norwegian 

Polar Institute

RESEARCH NOTES
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FURTHER READING:

Pieńkowski AJ, Husum K, Belt ST, Ninnemann U, 
Köseoğlu D, Divine DV, Smik L, Knies J, Hogan K, 
Noormets R (2021) Seasonal sea ice persisted 
through the Holocene Thermal Maximum at 80°N. 
Nature Communications Earth & Environment 2: 
124, https://www.nature.com/articles/s43247-
021-00191-x

However, unlike that earlier period, orbit changes 
and other natural driving forces cannot explain 
the current reduction of sea ice. This suggests that 
the effects of human activity may already be driving 
a retreat similar to that seen during the last great 
cryospheric collapse in Earth’s history.  

Historical long-term reference values 

based on data on two sediment cores 

examined for this study show sea ice has 

been present at 80°N ever since the last ice 

age, even when natural changes in Earth’s 

orbit and rising greenhouse gas levels 

caused glaciers and sea ice to retreat, 

approximately 11 500-11 000 years ago. 

The results indicate that current sea ice 

situation could resemble the conditions in 

this period; however, the current reduction 

of sea ice cannot be explained solely by 

natural forces.

RESEARCH NOTES
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Photo: Adam Steer / Norwegian Polar Institute
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Beyond satellite 
observations of sea ice

The floor vibrates and a crushing sound fills the bridge 
as the Norwegian research icebreaker Kronprins 
Haakon breaks through the sea ice. At 87°N and 17°W, 
north of Greenland and a mere 300 kilometres from the 
North Pole, the ship is struggling with a type of sea ice 
that is now almost lost.

RESEARCH NOTES

tanding next to the ship’s captain, 
expedition leaders Agneta Fransson from  

the Norwegian Polar Institute and Bodil Bluhm 
from UiT The Arctic University of Norway follow 
the ship’s progress through the ice-packed sea. 
They almost feel they have gone back in time:  
back to when sea ice survived more than one  
summer; back to when the surface of the Arctic 
Ocean held wide expanses of thick, ridged sea  
ice that could be several years old.

OLD SEA ICE - AN ALMOST EXTINCT HABITAT

Old, multi-year sea ice was once found throughout 
almost the entire Arctic Ocean. During the leg-
endary Fram expedition almost 130 years ago, the 
Norwegian polar explorer and researcher Fridtjof 
Nansen beautifully sketched the shapes of this 
type of ice, and his meticulous measurements of 
sea ice thickness bear witness to how thick the 
Arctic sea ice once was. Since 1979, satellites have 

Lena Seuthe, Bodil Bluhm and Marit Reigstad // UiT The Arctic University of Norway

Adam Steer, Øyvind Lundesgaard, Sebastian Gerland and Agneta Fransson // Norwegian Polar Institute

Malte Müller // Norwegian Meteorological Institute

S
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provided a consistent and continuous record of 
Arctic sea ice and documented its vast geograph-
ical retreat. While the extent of Arctic sea ice in 
summer has decreased at a rate of almost 13% per 
decade since the satellite record began in 1979, the 
oldest and thickest ice in the Arctic has declined 
by 94%. These days, most of the sea ice is much 
younger and thinner, and the remaining multi-
year sea ice is confined to a small girdle north of 
Canada and Greenland. These changes affect the 
local Arctic environment but also the Earth system 
as a dynamic whole. Therefore, research efforts by 
both Norwegian and international science teams 
are focused on investigating sea ice and its interac-
tion with its environment. That is also why Agneta 
and Bodil are leading a 35-person strong team of 
scientists deep into the Arctic Ocean as part of the 
Norwegian Nansen Legacy project.

BEYOND SATELLITE OBSERVATIONS

Onboard RV Kronprins Haakon, Adam Steer and 
Anca Cristea (both from the Norwegian Polar 
Institute) are getting ready for a new day out on 
the ice. Here, not far from the Pole, they will use 
the coming days to construct a fine-scale picture 
of the ice floe where the icebreaker has docked. 
Sea ice is a complex composite assembled from 
different types of ice at different stages of growth 
and decay; air, water, slushy ice filling in voids; 
snow in complex layers of its own. These details 
are hard to see using satellites, yet critical to 
understanding both physical and ecological sea 
ice processes. To map this complex environment, 
Adam and Anca use a range of different measuring 
techniques. They will walk across the ice towing 
an electromagnetic induction sounder, measuring 
snow and ice thickness along the path. They will 

calibrate these measurements by drilling holes 
through the ice, and manually measuring the 
thickness of the ice and snow. High-resolution 
drone images of the ice floe will allow the team 
to map their tracking records of ice and snow 
thickness in context with the anatomy of the en-
tire floe. These data will all be assembled – along 
with similar observations from earlier Nansen 
Legacy expeditions and larger scale datasets – to 
construct a far more detailed picture of the ice 
than what can be retrieved from satellite imagery 
for better understanding the ice, for improving 
weather forecast models and for validating satel-
lite remote sensing products.

CRACKS IN THE COOKPOT LID

Creating a detailed description of sea ice anatomy 
is an important first step in understanding the im-
pact the sea ice has on its environment. Especially 
during the colder seasons of the year, sea ice acts 
like a cookpot lid, insulating the relatively warm 
ocean water from the colder atmosphere above, 
allowing the ocean to retain heat and moisture 
while keeping the air cold and dry. However, 
where cracks and leads between ice floes expose 
open water to the atmosphere, enhanced heat 
and gas exchange takes place. While Adam and 
Anca are mapping the ice floe, other scientists on 
RV Kronprins Haakon are taking detailed meas-
urements of the heat and gas exchange through 
the adjacent leads. Their measurements will 
complement data collected during the Nansen 
Legacy winter and spring field campaigns, and 
give important ground truth information to sea 
ice and atmosphere scientists back on land who 
are investigating the role of Arctic sea ice on its 
environment through mathematical models. 
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Adam Steer and Anca Cristea investigate the structure of a large 

ice floe by pulling behind them an electromagnetic induction probe 

during the Nansen Legacy Arctic Ocean cruise in September 2021. 

Photo: Christine Lockwood-Ireland / UiT The Arctic University of Norway
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JC2-2 station P11

17.49 west, 87.48 north
15 September 2021

Local site map generated from drone photography. 

Flights, map and image production: Adam Steer / 

Norwegian Polar Institute
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Sea ice is not a simple white layer but a 

complex composite as indicated in this 

cross-section through an ice floe. Sketch: 

Adam Steer / Norwegian Polar Institute
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Where sea ice cracks and leads of open water form, heat and gas are  

exchanged between the ocean and the atmosphere. This picture, taken during 

a Nansen Legacy research cruise in the northern Barents Sea in March 2021, 

shows how heat and vapour rise from the relatively warm ocean water open-

ings in between sea ice. Photo: Sebastian Gerland / Norwegian Polar Institute
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DETAILS THAT IMPROVE  
WEATHER FORECASTS

Malte Müller and his colleagues at MET Norway 
are working on improving physical models used in 
weather forecasting. For them, it is challenging to 
directly simulate the heat escaping from the ocean 
through sea ice and leads into the atmosphere. It 
is only by combining on-site measurements from 
ship campaigns with satellite observations that 
they can gradually improve the forecast models. 

A set of model-based Arctic weather forecasting 
experiments illustrated the importance of a realistic, 
field-validated representation of leads and ice and 
snow in their models. These experiments showed 
that a realistic representation of sea ice leads in 
the forecast model improves the quality of weather 
forecasts even hundreds of kilometres away from 
the sea ice edge. Malte and co-workers also com-
pared the existing weather forecast models with 
field-based measurements of  sea ice surface tem-
peratures. As it turned out, all existing weather 
forecast models overestimated temperatures over 
sea ice by 5 to 10°C because none of the models 
simulated snow on top of the sea ice. (Snow is a 
powerful insulator.) Implementing snow cover 
into weather forecast models greatly improved 
the simulation of atmospheric temperatures and 
consequently the accuracy of the Norwegian daily 
weather forecast.

This example from applied weather modelling  
illustrates the need for environmental observations 
on multiple scales, from large-scale observations 
by satellites to detailed field-based measurements 
like those conducted by Adam and his colleagues 
on RV Kronprins Haakon. 

The ship returned to Tromsø in September 2021 
with hundreds of samples and terabytes of data 
from the Central Arctic Ocean. The expedition 
connected also to other important projects, for 
example by being a Norwegian contribution to the 
international research initiative Synoptic Arctic 
Survey, which aims at generating a comprehensive 
pan-Arctic baseline, and by providing sea ice data 
for satellite remote sensing validation in the  
Norwegian Centre for Integrated Remote Sensing 
and Forecasting for Arctic Operations (CIRFA). 
The observations from the expedition will allow 
us to track climate change and its impacts as  
they unfold in the Arctic over the coming years,  
decades, and centuries. 

FURTHER READING:

About the Nansen Legacy project:
 www.nansenlegacy.org

About the Norwegian Centre for Integrated 
Remote Sensing and Forecasting for Arctic 
Operations: https://cirfa.uit.no

Storymap of the Arctic Ocean expedition: 
https://arcg.is/1O5GP8



84 FRAM FORUM 2022 RESEARCH NOTES

On the shoulders 
of giants

Polona Itkin // UiT The Arctic University of Norway

Dmitry Divine and Adam Steer // Norwegian Polar Institute

Rolf-Ole Rydeng Jenssen // NORCE

The shrinking Arctic ice cover is one of the most 
detectable signs of climate change, easy to observe 
by satellite. Detecting sea ice thickness is much 
harder. If the remaining ice is thin, it can disappear 
very fast. How much of this precious white 
substance that keeps our planet cool is still there?

RESEARCH NOTES

ne of the biggest obstacles in our  
efforts to solve this puzzle is snow on sea ice. 

Snow is one of the best insulators and reflectors 
found in nature, but it is difficult to observe via 
satellite. The uncertainties of the satellite retrievals 
are high, but new methods are under development 
and new research missions are being organised. 
In this critical moment, sea ice researchers aspire 
to provide the best ground observations of Arctic 
sea ice cover – observations that can be used for 
calibration and validation of airborne and satellite 
observations.

Sea ice and snow data are scarce and therefore 
every expedition’s data set is precious. Getting 
into the Arctic and collecting data remain as major 
logistic challenges. Combinations of data sets that 
span a long period and cover large enough areas 
are most suitable for comparison with the satellite 
data. It is therefore essential to collect the data in 
as consistent a way as possible. At the same time 
we should use advances in technology to collect 
better data. 

O
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Standing on know-how of Arctic expeditions since the 
age of Fritjof Nansen, Fram Centre sea ice scientists, 
along with their international colleagues, are adopt-
ing and improving the standardised method devel-
oped for MOSAiC (mosaic-expedition.org) and bring 
it also to the Nansen Legacy (arvenetternansen.
com) expeditions.

IceTEC was an incentive project of the Fram  
Centre in 2021 that helped organise joint field work 
training on fjord ice in Ramfjorden at Tromsø and 
kick-started development of a lightweight radar 
system for snow and ice observations from small 
off-the-shelf drones. This will hopefully facilitate 
future collection of detailed data that can be used 
together with satellite data to resolve some of the 
uncertainties surrounding snow cover on sea ice. 

GEM-2 in action on a Nansen Legacy  

expedition in spring 2021 in the northern  

Barents Sea. Photo: Polona Itkin /  

UiT The Arctic University of Norway

Field training in Ramfjorden, calibration of multi frequency elec-

tromagnetic sensor (GEM-2) for sea ice thickness measurement. 

Photo: Andrea Schneider / UiT The Arctic University of Norway
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New portal for 
research-based 
information about the 
Arctic and Antarctic

Inger Lise Næss // UiT The Arctic University of Norway

Open Polar is a global portal for open access publications and 
research data on the polar regions. The portal was launched in 
September 2021 and is the result of a collaboration between UiT 
The Arctic University of Norway and the Norwegian Polar Institute.

SCIENCE AND SOCIETY

pen Polar provides a search tool for freely available 
research literature and data sets specifically targeting 

the polar regions, across all subject areas. The portal makes 
research-based knowledge about the Arctic and the Antarctic 
more accessible than ever – to researchers, students, policy 
makers, and the public.

The portal collects metadata from more than 4 600 providers 
worldwide. About 78% of the records found in the portal are 
research documents, and 22% are data sets. The total number 
of records is about 1.8 million and constantly increasing.

WHY DO WE NEED OPEN POLAR?

As Open Science is gaining momentum, there is a need for 
powerful discovery tools that can harvest and present research lit-
erature and datasets available in open access form – free of charge.

In 2019, around 60% of open access polar records could not be 
found through searchable platforms, but only via the webpage 
of the institution holding the record, according to a preliminary 

report by Tamer Abu-Alam, project leader for Open Polar.  
This gap demonstrates the need to gather open access records 
in a homogenous, available platform. 

By integrating publications and data sets in the same search, 
Open Polar speeds up the discovery process, fosters the trans-
parency of research, and minimises duplication of fieldwork 
and experiments.

The user-friendly interface includes the possibility to search 
via geolocations on a map, along with other advanced search 
options. 

O

SCIENCE AND SOCIETY

VISIT THE PORTAL  
openpolar.no

FURTHER READING:

Abu-Alam T (2019) Open Arctic Research Index:  
Final report and recommendations.  
Septentrio Reports 3: 1-47, https://doi.org/10.7557/7.4682
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OPEN POLAR BUILDS ON THESE 
FUNDAMENTAL PRINCIPLES: 

• Building competence:
 A small team with a mix of technical   
 competence and scientific background is the  
 core of the project
• Consulting the researcher community:
 The search portal is built upon feedback from  
 a reference group of active researchers from a  
 variety of research fields
• Utilising existing resources:
 Open Polar is based on Open-Source software  
 and existing infrastructure
• Accepting the imperfect world:
 Having duplicates of some data sets is better  
 than missing valuable data sets

SCIENCE AND SOCIETY

All photos: Inger Lise Næss /

 UiT The Arctic University of Norway



88 FRAM FORUM 2022 RETROSPECTIVE

The oldest printed maps 
of the Farthest North

Henning Hansen and Per Pippin Aspaas // University Library, UiT The Arctic University of Norway

ooking to the North” is a unique  
cartographic exhibition currently on  

display at the Polar Museum in Tromsø. The  
exhibition features some of the most spectacular 
printed maps of the northern regions, among 
them a copy of the first printed map of the 
European Far North, published in Ulm 1482, in 
present-day Germany. UiT The Arctic University 
of Norway boasts one of the finest collections of 
printed maps of the Far North, supplemented  
by a substantial book collection with travelogues 
from the northern regions. The objects on  
display all come from this collection.

The exhibition spans just over a century,  
from the late fifteenth to the early seventeenth 
century, a period which saw swift technological 
development coincide with mounting interest in 
the northern regions. Covering a whole room, 
each of the four exhibition walls marks a particu-
lar thematic or materialistic feature. The first wall 
addresses how the North was perceived in the  
medieval world and shows how the North gained 
new meaning in both a practical and theoretical 
sense as the world view shifted from being,  
quite literally, oriented towards the Orient,  
to being oriented towards the North.

The second wall shows how the Nordic region 
went from being a rather unrecognisable body of 
land, full of uncharted territories, to becoming 
increasingly similar to the North as we know it 
today. In the earliest maps of northern Europe, 
the Scandinavian Peninsula is stretched from east 
to west rather than from south to north and it is 
strangely attached to Greenland. Other factoids, 
such as the presence of pygmies close to the North 
Pole and fantastic islands scattered across the 
Atlantic, were deemed credible by generations 
of cartographers, who replicated them from map 
to map. Even the maps by participants in Willem 
Barents’ expeditions contain many mythic features, 
despite their first-hand experience from at least 
parts of the regions covered.

The entirety of the third wall is devoted to a repro-
duction of the Swede Olaus Magnus’ map Carta 
Marina, the only object on display which is not 
part of UiT’s map collection. Arguably the single 
most famous map of northern Europe, it is fasci-
nating not just because it has only been preserved 
in two copies (one in Uppsala and one in Munich) 
but also due to its majestic size. The exact replica of 
the map comprises nine incredibly detailed sheets, 
full of wildlife, indigenous peoples and historical 
characters, ships, mountains, islets, and monsters. 

RETROSPECTIVE

L“
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A map by explorer and cartographer Jan Huygen van Linschoten, participant 

in Willem Barents’ expeditions (printed in Franeker, 1601). Its full title reads:  

Waerachtige verthooninge ende gelegentheyt van de Custen, streckingen ende  

courssen, van Hollant af, be Noorden om door d'Enckte van Nassau, tot voorby  

de Revier Oby gelyck als het alles geannoteert ende bevaren is geweest, door  

Jan Huygen van Linschoten de jaren van 1594 ende 1595 etc. 

Download from https://hdl.handle.net/10037.2/40
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Map by Gerard Mercator, the first cartographer to place the North 

Pole in the centre. This edition was printed in Amsterdam, 1613. 

It is simply called Septentrionalium Terrarum descriptio, or 

“Description of the northern landmasses”. 

Download from https://hdl.handle.net/10037.2/43
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The last wall displays a range of different maps 
that have one thing in common: they are all colour-
ed by hand, with the original colours amazingly 
well preserved. The hand-colouring marked the 
final step of a map’s production, usually executed 
on request from the buyer of the item. Most maps 
were printed without any borders, which allowed 
the buyer to superimpose an image of the world 
which resonated with their own perception of 
it. Indeed, what the earliest phase in the history 
of printed maps of our region reveals is first and 
foremost how malleable the perceptions of the Far 
North were, depending on who was looking to the 
North, and when. 

Map by the polymath Girolamo Ruscelli, printed in Venice, 

1561. Its title is Septentrionalium partium nova tabula, or 

“New depiction of the northern regions”. Indeed, the out-

line of the Scandinavian peninsula was more recognisable 

in this version than in many earlier depictions. 

Download from https://hdl.handle.net/10037.2/55
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Male willow ptarmigan. 

Photo: Rolf Anker Ims / UiT The Arctic University of Norway

The work is funded by the Research 
Council of Norway (RCN projects 
NORTHERN FOREST and SUSTAIN) 
and the Fram Centre Terrestrial 
flagship (supporting grants to projects 
NORTHERN FOREST and SUSTAIN).
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Predictive models for 
applied Arctic ecology

Ole Petter Laksforsmo Vindstad, John-André Henden and Rolf Anker Ims // UiT The Arctic University of Norway

Jane Uhd Jepsen // Norwegian Institute for Nature Research

Near-term forecasting is an approach that is rapidly gaining 
traction in ecology. In the Climate-ecological Observatory for 
Arctic Tundra (COAT), researchers are developing forecasting 
models for well-known game species and pests in Arctic and 
sub-Arctic ecosystems.

sing models to make predictions is a 
cornerstone of the scientific method. The 

accuracy of predictions can be assessed by 
comparing them to new observations, and when 
models predict well, we gain confidence that they 
are good representations of the study system. Pre-
diction is thus essential to the testing of scientific 
theory. Predictions can also have great practical 
value. This is especially true for predictions about 
the likelihood of future events, i.e., forecasts. 
The utility of forecasts is often exemplified with 
meteorology, where the development of accurate 
short-term weather forecasts has provided society 
with an indispensable planning tool.

U

RESEARCH NOTES

ECOLOGICAL FORECASTING

In ecology, the use of forecasts has focused mainly 
on the response of ecological systems to changes 
in climate or habitat over timescales of multiple 
decades. Here, the observations that we need to 
assess forecast accuracy will only become availa-
ble in the far future. Hence, the opportunities for 
model validation are limited. Moreover, there is 
often a mismatch between the decadal timescale 
of long-term ecological forecasts and the function-
ing of management institutions, where planning 
and actions are typically concerned with periods 
of days to a few years. 
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Food-web drivers of ptarmigan abundance. The abundance of small rodents (top left), abundance of 

reindeer carcasses (bottom left), intensity of outbreaks of moth larvae (top right) and the onset of 

winter (bottom right) were some of the key drivers (predictor variables) that were found to improve 

forecasts of ptarmigan abundance in the food-web model. The abundance of small rodents and 

reindeer carcasses affects the abundance and behaviour of carnivore/scavenger communities, 

which in turn determines predation pressure on ptarmigan populations. Moth outbreaks have 

strong impacts on the vegetation, which in turn affects the availability of food and shelter for 

ptarmigan populations. Ptarmigans change into their white winter coats too early in autumns with 

late snowfall, probably resulting in increased risk of predation because the white birds become 

poorly camouflaged when there is no snow. Photos: Ole Petter Laksforsmo Vindstad / UiT The Arctic 

University of Norway and Geir Vie

RESEARCH NOTES
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The figure shows the observed density of the willow ptarmigan population in Finnmark in the 

period 2000 – 2021 (black points with grey 95% confidence bands) compared with estimated 

density from FeFo’s surveys (red line, data from FeFo). Orange dots denote the predictions 

from COAT's food web model (i.e. Ptarmigan + FoodWeb) in the last 9 years. 

For instance, quotas for many harvested popula-
tions are set on an annual basis – following annual 
reproduction cycles – while the abundance of 
harmful organisms like toxic algae or parasites 
may fluctuate on even shorter timescales. In such 
cases, short-term forecasts can be a great aid to 
planning and decision-making.

In recognition of these issues, focus on near-term 
forecasting has increased among ecologists. When 
we make predictions about the near future, new 
observations needed to assess the accuracy of 
forecasts will become available within a short 
time. Thus, we are also rapidly alerted to poor 
forecasts that may signal inadequate models. This 
enables efficient learning, where we iteratively 
make forecasts, confront them with data, update 
models and make new forecasts. As near-term 
forecasts have a timescale that is better aligned 

with management, they can also make ecological 
science more management-relevant and contrib-
ute to the operationalisation of the monitoring 
programmes that feed the forecast models with 
data. Hence, near-term forecasting is a suitable 
paradigm for an age when ecosystems are under-
going rapid and extensive change, demanding 
continuous update of knowledge and adaptable 
and responsive management. Near-term forecast-
ing is now being integrated in several of COAT’s 
modules and we present two examples below.

FORECASTING PTARMIGAN ABUNDANCE

In the ptarmigan module of COAT, we have em-
ployed an ecosystem-based approach to develop 
a model of willow ptarmigan population dynam-
ics in Finnmark, where our collaborating panel 
of stakeholders decided that forecasting ability 
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should be a priority. A conceptual food-web model 
was built to highlight the biotic interactions 
thought to affect short-term ptarmigan population 
dynamics and longer-term trends. We tested the 
model’s ability to forecast near-term population 
dynamics, iteratively referring to long-term popu-
lation monitoring data to corroborate accuracy in 
forecasting ability.

The food-web model accurately predicted near-
term population dynamics and trends, returning 
forecasts that, on average, aligned well with 
monitoring data. Hence, in 2021 we forecasted and 
published, for the first time, the upcoming ptar-
migan densities, two months prior to the official 
population surveys. Again, the model’s predictive 
ability aligned very well with estimates from the 
official survey data. While the forecasting ability 
of the model varies from year to year, we expect it 
to improve as datasets grow and our understand-
ing of what determines good and poor forecasting 
ability improves. This work now provides active 
stakeholders such as the local management au-
thorities in Finnmark (FeFo) a tool to make better 
science-based assessments about the prospects for 
this year’s hunt, prior to the official surveys.

FORECASTING MOTH OUTBREAKS  
AND IMPACTS

In the tundra-forest module of COAT, near-term 
forecasting models for the occurrence and impact 
of moth outbreaks in the mountain birch forest 
of Troms and Finnmark are under development. 
This is in response to a need, expressed by both 
the public and forest management authorities, 
to know where and when outbreaks are likely to 
develop, how long they will last, and what impact 
they will have on the forest. As for the ptarmigan 
case, a collaborative process between researchers 
and stakeholders (County Governor, Director of 
Forestry, and FeFo) identified forecasting ability  
as a high priority.

The development and survival of all moth life 
cycle stages is strongly linked to climatic variables 
– especially temperature – and forest resilience is 
also expected to be linked to climate. Hence, our 
approach is to build forecasting models based on 
downscaled climate data that capture both topo-
graphical climate gradients and temporal weather 
patterns. Using Bayesian time series models, the 
gridded data is wed to long-term timeseries of 
moth abundance, forest damage and defoliation 
maps (from satellite images), to establish the 
quantitative relationships between these response 
variables and climatic variation in both space and 
time. The ambition is to use the models to forecast 
outbreak intensity and risk of forest mortality 1-3 
years into the future, thereby facilitating planning 
and mitigation measures for forest managers and 
the public. 
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Mountain birch forest that has suffered severe mortality of birch trees due to an 

outbreak of moth larvae. COAT is working to forecast the risk of forest mortality 

events like this one. Photo: Jakob Iglhaut
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PAEC: Panel-based 
assessment of ecosystem 
condition of Arctic tundra

Åshild Ønvik Pedersen, Ingrid MG Paulsen, Eva Fuglei, Jesper Mosbacher and Virve Ravolainen // Norwegian Polar Institute

Jane Uhd Jepsen // Norwegian Institute for Nature Research

Rolf Anker Ims // UiT The Arctic University of Norway

The state of Norwegian ecosystems is under the magnifying 
glass in the new national System for Assessment of Ecological 
Condition. In 2021, the first operational assessment of Low and 
High Arctic tundra was undertaken. This article summarises the 
findings and their implications.

RESEARCH NOTES

Typical landscape views of the two sub-ecosystems of Norwegian 

Arctic tundra that were subjected to the PAEC assessment. 

Top: Komagdalen, Low Arctic Finnmark. Photo: RA Ims

 Bottom: Sassendalen, High Arctic Svalbard. Photo: C Jaspers
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COAT researchers, in collaboration with 
colleagues from the Institute of Marine 
Research, developed and tested the Panel-based 
Assessment of Ecosystem Condition. The PAEC 
protocol hierarchy (blue boxes) assesses, step 
by step: 1) the knowledge base, 2) the condition 
of individual indicators, 3) the condition of each 
of seven ecosystem characteristics, and 4) the 
condition of the ecosystem as a whole. Individual 
indicators – both abiotic (e.g. snow cover duration, 
winter melt days, mean July temperature) and 
biotic (abundance of e.g. lemming, snowy owl, and 
pink-footed goose; abundance and reproduction 
of e.g. Arctic fox and reindeer) – are assessed in 
terms of the extent to which expected changes 
(phenomena) are supported by evidence of 
observed changes (based on statistical analysis of 
the underlying data).

Knowledge base

Indicators

Ecosystem characteristics

Ecosystem

OObbsseerrvveedd cchhaannggee
in indicators

EExxppeecctteedd cchhaannggee
in indicators = 
Phenomena

Literature review Statistical analysis

Validity (VP) Evidence (EP)

THE PAEC HIERARCHY

Panel-based Assessment of 
Ecosystem Condition (PAEC)

The formulation of phenomena is central in 
PAEC. Each phenomenon specifies causal links 
between human-induced drivers of change and 
indicators of ecosystem function and structure. 
The causal links are expressed as qualitative 
predictions of change in ecological indicators 
and what significance such changes would 
have for the ecosystem. Central to PAEC is 
also a structured evaluation of key sources of 
uncertainty that impinge on the assessment, 
including data coverage in time and space for 
each of the indicators, and how well the set of 
indicators covers each of the complex ecosystem 
characteristics being assessed.
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he assessment, done by a scientific panel, 
concludes that while the main structural 

and functional attributes of the Arctic tundra 
ecosystems are still maintained, extensive incipient 
ecosystem changes from the ongoing rapid tempe- 
rature increases will over time threaten  
the integrity of tundra ecosystems.

Mandated by the Norwegian Ministry of Climate 
and Environment, the System for Assessment of 
Ecological Condition is set to determine whether 
and to what extent the condition of the nation’s 
terrestrial and marine ecosystems deviates from 
reference conditions. The reference condition  
is defined as “an intact ecosystem state”, which  
implies that the structural and functional char-
acteristics of the ecosystem are under limited 
influence from human pressures. The system 
further defines a climatic baseline as “a climate as 
described for the climatic normal period 1961–1990”. 

Scientists from the FRAM-based Climate-ecological 
Observatory for Arctic tundra (COAT) contributed 
in 2020 both to methodological developments of 
the system and, in 2021, by conducting the first 
operational assessments of the ecological condition 
of Low and High Arctic tundra in Finnmark and 
Svalbard.

FIRST PAEC FOR NORWEGIAN ARCTIC TUNDRA

Last year’s assessment of High Arctic tundra in 
Svalbard and Low Arctic tundra in Finnmark is 
based on analyses of 34 long-term datasets and 66 
indicators. Sixteen of these indicators are shared 
between the two sub-ecosystems; 26 are unique to 
Low Arctic tundra, and eight are unique to High 
Arctic tundra ecosystems. The key conclusions 
from the assessment are the following: 

T

ECOSYSTEM CHARACTERISTICS 
ASSESSED IN PAEC
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Abundance of tundra- and shrub- 

associated bird species in Low Arctic  

tundra habitats. The figure shows the 

mean estimated number of individuals 

of tundra-associated (dashed line) and 

shrub-associated (solid line) bird species 

per plot. Rates of change are shown  

with ±2SE (shaded areas). The diverging 

abundance trends indicate that the Low 

Arctic tundra is changing towards a boreal  

climate. Modified from Pedersen et al 

(2021) Norwegian Polar Institute Report 153

The Arctic tundra is more threatened by climate 
change than any other terrestrial biome on Earth 
and this is also evident from the assessment of 
ecological state of the Norwegian sector of the 
biome. Relative to the climatic baseline, the 
abiotic compartments of the ecosystems have 
undergone significant changes, such as generally 
increasing surface and permafrost temperatures, 
longer growing season, and shorter snow-covered 
season. In the Low Arctic, bioclimatic subzone D, 
where July temperatures are below 9°C, has essen-
tially vanished. However, the biotic implications 
of these abiotic changes are still mostly limited, 
and are mainly seen in ecosystem characteristics 
and indicators with strong causal links to climate. 
Some biotic components are presently on signif-
icant change trajectories, especially in the Low 
Arctic. This should be considered a warning of 
more extensive, incipient ecosystem changes. Of 
the two sub-ecosystems assessed, the Low Arctic 
tundra in Finnmark shows more pronounced and 
consistent deviations in biotic characteristics than 
the High Arctic tundra in Svalbard. These devia-
tions are expressed as an increasing borealisation 
and a loss of Low Arctic endemic species (Arctic 
fox and snowy owl) and bird communities.

OUTLOOK

The System for Assessment of Ecological Condition 
is intended to inform knowledge-based manage-
ment of both terrestrial and marine ecosystems 
in Norway. How the PAEC protocol is suited for 
this task is discussed in a separate report (see 
Further reading).

Ecosystem-based management requires  
distinguishing between manageable and 
non-manageable stressors, and natural variation. 
PAEC does this through a focus on phenomena, 
which are qualitative expectations of directional 
change in indicators as a result of relevant drivers 
of change. Statistical ecosystem modelling can 
strengthen the validity of such phenomena, but 
only if long-term, ecosystem-based monitoring 
data are available. Generation of such data and 
models linked to tundra phenomena are key 
objectives of COAT (see previous article). 
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Map of the climatic delineation of each of the Low Arctic bioclimatic subzones (D and E), 

as well as the northern-boreal zone (F) in the climatic reference period (1961–1990) and 

subsequent decades (1991–2000, 2001–2010, 2011–2019). The subzones are defined based 

on average July temperature, and subzone D here contains all areas belonging to subzone 

D or colder (e.g. subzone D ≤ 9°C, E = 9–12°C, F ≥ 12°C. The bioclimatic subzones set living 

conditions for distinctly different biological communities; e.g. subzone F forest communities. 

Modified from Pedersen et al (2021) Norwegian Polar Institute Report 153
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FURTHER
READING:

Pedersen et al (2021) Norwegian 
Polar Institute Report 153, https://
brage.npolar.no/npolar-xmlui/
handle/11250/2754696

Pedersen et al (2021) Norwegian 
Polar Institute Brief Report 056, 
https://brage.npolar.no/npolar-xmlui/
handle/11250/2754717 

Arctic climate change poses a substantial challenge 
because it represents — on the ecosystem level — 
an overriding, non-manageable driver. For tundra 
ecosystems that are rapidly leaving their defining 
bio-climatic envelopes, it will be necessary to 
develop management strategies based on what 
is realistic and desirable to achieve. Such strat-
egies should be based on dynamic concepts of 
managing and modifying trajectories of change, 
rather than attempting to preserve past ecosystem 
states. Through the formulation of phenomena 
and assessment of evidence for ecosystem change 
trajectories, the PAEC framework can be used as a 
vehicle for selecting realistic targets and interven-
tions for ecosystem-based management, and then 
serve as a tool for assessing the efficiency of such 
management.  
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COAT is a long-term, ecosystem-based and 
adaptive observation system. It aims to unravel 
how climate change impacts Arctic tundra food 
webs, and to enable prudent science-based 
management. The baseline of the approach is 
conceptual models. These models guide the 
monitoring design that may include management 
actions. They also guide the structure of 
statistical models that estimate impacts and 
derive predictions based on the monitoring data. 
The approach accommodates three adaptive 
loops driven by (1) new knowledge, (2) needs of 
stakeholders and (3) new technologies/methods.

Climate-ecological Observatory 
for Arctic Tundra (COAT) 

COAT takes a food web approach on three grounds:
1. Climate change impacts on tundra ecosystems 
 are often mediated and enhanced by trophic  
 interactions. 

2. Humans affect ecosystems by their 
 involvement in food webs as harvesters 
 and managers of ecosystems services and 
 conservation targets. 
 
3. Food web ecology has a strong scientific 
 tradition in terms well-established general 
 theories and development of new tactical 
 models.

COAT focuses on Low and High Arctic tundra. The 
consortium contains five Fram Centre institutions 
(MET, NINA, NPI, UiT and UNIS).

Photo: Jakob Iglhaut (NINA)

www.coat.no/en/

— ADAPTIVE LONG-TERM RESEARCH IN THE FACE OF CLIMATE CHANGE.
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Leaching of metals from  
mine tailings in Repparfjorden

Kristine B Pedersen and Anita Evenset // Akvaplan-niva 

Tore Lejon* // UiT The Arctic University of Norway

* Also affiliated with Luleå University of Technology, Sweden

For centuries, Norway has been using harbours and fjords as 
disposal sites for waste, including industrial waste, sewage 
sludge, wastewater, and mine tailings. The “out of sight out 
of mind” approach caught up with the practise in the 1970s, 
when the impacts on aquatic life became apparent. 
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Repparfjorden in winter. Photo: Geir 

Dahl-Hansen / Akvaplan-niva 
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n 1981 the Pollution Act was adopted in 
Norway. This provided the environmental 

authorities with a legal framework to limit negative 
impacts of waste disposal to sea. Nowadays, the 
environmental authorities acknowledge that waste 
disposal has environmental impacts, regardless 
of whether it happens at sea or on land. In some 
cases, deposition in fjords may be an acceptable 
option both in environmental and economic 
terms. 

SUBMARINE DISPOSALS

Since the emergence of the mining industry in 
Norway in the 1800s, the disposal of mine tailings in 
fjords has been common. Submarine mine tailings 
disposal was also practised in other countries 
in the 1970s to meet some of the challenges that 
faced disposal on land, such as leaching of metals 
and failure of dams. One of the initial rationales 
for disposal at sea was that the environmental 
impacts would be confined to the disposal area.  
In practise, however, there have been several cases 
of adverse effects on the marine environment 
outside the disposal area, mainly due to metal 
leaching and metal bioaccumulation in food webs, 
and dispersal of tailing particles. 

Due to the environmental issues encountered, 
and uncertainties in predicting long-term effects, 
many countries banned submarine mine tailings 
disposal. Today, Norway is one of few countries 
that continues the practise. This is partly related to 
mines in Norway often being located close to fjords, 
with challenging topography for land disposal. 
Actions taken to limit long-term environmental 
impacts are: 1) decreasing dispersion of particles/
metals to surrounding ecosystems by deposition in 
areas with low currents, and 2) adding a flocculant 
to the mine tailings. In addition, steps are taken to 
ensure the recovery of ecosystems in the disposal 
area upon cessation of the mine activity.

REGULATION OF SUBMARINE DISPOSALS

The dispersion of particles is strictly regulated 
through threshold values for particle concentration 
in and at the boundary of disposals. These threshold 
values are set in the disposal permits issued by 
the Norwegian Environment Agency. However, 
there are no set threshold values for leaching of 
metals. The explanation for this is that there are 
no standardised tests for assessing metal leaching 
and its impact on the marine environment. For 
disposal on land, solid waste can be identified as 
hazardous, ordinary, or inert, based on threshold 
values for leaching of pollutants and salts. But, 
as mentioned, there are no threshold values for 
metal leaching from submarine mine tailings  
disposal in the Norwegian waste regulation 
regime. The standardised tests for waste on land 
cannot be directly used for disposal at sea since 
fjord conditions are different than those on land. 
In order to obtain a realistic picture of leaching of 
metals from sea deposits there is a need to adapt 
tests for use in the marine environment.

I

Schematic representation of the 

setup for the leaching experiments. 

Illustration: Kristin B Pedersen / 

Akvaplan-niva
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THE PAMERA PROJECT

This is the background for the PAMERA project, 
financed by the Fram Centre’s MIKON flagship. 
The focus of the project has been to study the 
effect of fjord conditions on the leaching of metals 
from mine tailings. From this we aimed to provide 
a scientific foundation for the development of 
standardised metal leaching tests prior to the 
initiation of submarine mine tailings disposal. 
The leaching experiments in the project included 
fjord conditions that are known to affect metal 
leaching: salinity, pH, aeration, organic material, 
and temperature. We used mine tailings from 
both historic and future mines in Kvalsund in the 
experiments. 

SUBMARINE DISPOSAL IN REPPARFJORDEN

Repparfjorden in Kvalsund municipality in 
northern Norway provides a historical as well as a 
potential future fjord for submarine mine tailings 
disposal. In the 1970s approximately one million 
tonnes of copper-enriched mine tailings were 
discharged into the inner part of Repparfjorden. 
Copper mining in this area has again become  
profitable. In 2015 the local mining company, 
Nussir ASA, received a permit from the Norwegian 
Environment Agency for discharge of mine tailings 
into a new, confined area of Repparfjorden. The 
permit allows for annual discharge of two million 
tonnes of mine tailings, tentatively with start-up 
in 2022. 

RESEARCH NOTES
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Compared to the natural sediments in 
Repparfjorden, the mine tailings have elevated 
concentrations of barium, copper, chromium, 
nickel, and manganese. According to threshold 
values for toxic effects set by the Norwegian 
Environment Agency, copper is the only one of 
these that needs to be assessed as posing a risk to 
the marine environment. However, the leaching 
of metals is not necessarily correlated to the total 
concentrations of metals; in other words, metals 
in higher concentrations do not necessarily leach 
in higher quantities. The amount of leaching, and 
thus environmental risk, depends on how the 
metals are bound in the tailings. The leaching 
tests in the PAMERA project showed low leaching 
of barium, chromium, and nickel, and highest 
leaching of copper and manganese. 

LEACHING FROM OLD VS NEW TAILINGS

In the 1970s the total leaching potential from all 
tailings deposited in Repparfjorden was estimat-
ed to be 500-1000 kg copper and 400-500 kg 
manganese. However, today the historic mine 
tailings are covered with natural sediments, 
which prevents leaching. As different ores are 
being exploited by Nussir than those exploited in 
the 1970s, results from the old deposit cannot be 
directly transferred to the new one. 

Our laboratory-based leaching experiments on 
new and historic tailings showed that 10-20% less 
copper and 50% less manganese were leached 

from the new mine tailings compared to the old 
ones. The difference is due to differences in ore 
mineral structure, ageing, and processing of the 
ore. Nussir plans to use a flocculant (Magnafloc10) 
in the discharge phase to ensure faster sedimen-
tation by creating larger flocs. In our experiment 
we found that this would reduce the leaching of 
metals by up to 35%. 

Our experiments also included two predicted 
effects of climate change (decreased pH due to 
ocean acidification and increased temperatures), 
and we found that the leaching of metals may 
increase by up to 55% by the year 2065. Thus, 
during the lifetime of the submarine mine tailings 
disposal in Repparfjorden, one could expect an 
increase in the metal leaching.

The leaching tests in themselves do not provide 
the whole picture of environmental impacts of 
submarine mine tailings disposal. Nonetheless, 
the PAMERA project has shown that they can 
be a powerful tool for a better understanding of 
present and future leaching. The development 
of standardised leaching tests for disposal at sea 
appears vital. Based on the findings from this 
project, we recommend that such tests include 
parameters known to affect metal leaching that 
are relevant for the particular disposal site in 
question. 
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Mine tailings ready to be tested for leaching. 

Photo: Kristine B Pedersen / Akvaplan-niva

Tailing samples for later leaching experiments in the laboratory. 

Photo: Stian Røberg / UiT The Arctic University of Norway
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RV Kronprins Haakon on its way through the ice of the Bar-

ents Sea. Here, ArcticInfo is helpful both on the bridge and at 

home with the communications staff. Photo: Christian Morel 

(christianmorel.net) / Nansen Legacy
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ArcticInfo – A digital service 
for safer seaborne voyages 
in the Arctic

Anders Røeggen // BarentsWatch

Anne Grethe Nilsen // Norwegian Coastal Administration

ArcticInfo provides important information on sailing 
conditions in the Arctic, supporting decisions for safer 
navigation in Arctic waters. Map-based and accessible to all, 
ArcticInfo covers large areas off the coasts of Norway, Iceland, 
Russia, Canada, and Greenland, plus the Barents and North 
Seas.

ow temperatures and extreme weather 
conditions, limited daylight over long 

periods of time, limited communication and 
infrastructure, poor charts, and large distances 
are some of the challenges that navigators face 
in Arctic waters. On top of this, there are almost 
always very limited resources nearby if accidents 
occur. To strengthen maritime safety and protect 
the environment, the Norwegian Coastal Adminis-
tration has gathered voyage-related information in 
one place: ArcticInfo, available via BarentsWatch.

Users must register to get full access to the 
service, though much information is available 

L

SCIENCE AND SOCIETY

without registration. Registered users can edit 
data about their own vessel, such as maximum 
speed, ice class, gross tonnage, rescue capacity, 
communication capabilities, helicopter deck, and 
a doctor/nurse onboard.

ArcticInfo provides information about icebergs 
around Greenland, icing, ice concentration from 
the Meteorological Institute in Denmark and 
Norway (drift ice and solid ice), storm warnings 
for Norway, Canada, Iceland, and Russia. Weather 
stations and ship information based on AIS (Auto-
matic Identification System) from the Norwegian 
Coastal Administration are included. 

SCIENCE AND SOCIETY
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“We want to offer a regularly improved service 
that can support navigators in making well delib-
erated and safe choices along the way,” explains 
Jon Leon Ervik, Head of the Department for Nav-
igation Technology and Pilotage Management at 
the Norwegian Coastal Administration.

Maps showing the ice edge, wind, current and 
temperature, depth curves, quay conditions, and 
Norwegian maritime borders are included in the 
service. You will find an option to send your voy-
age plan digitally to the Greenlandic authorities.

A USER-BASED SERVICE

Since its launch in early 2020, ArcticInfo’s user 
group has proven to be very diverse. A starting 
point for the service was the increasing cruise 

traffic prior to the Covid-19 pandemic, but fishing 
boats, the coast guard, and research and expedi-
tion vessels have used the information service.

Taitsianguaq Olsen is a marine pilot based in 
Nuuk, and co-owner of the company Imaq Pilot. In 
addition to pilot assignments, they offer services 
for mariners in relation to the Polar Code and a 
service for yachts and other larger recreational 
vessels.

“I use ArcticInfo to check vessel movements in the 
waters around Greenland,” says Olsen. “Depend-
ing on the time of year, I use the function ‘Ice 
concentration’ to see the ice edge in the map.”

Olsen hopes to use the service more when cruise 
ships can once again sail along the coast of Green-
land, hopefully from next year.

Jon Leon Ervik, Head of the Department 

for Navigation Technology and Pilotage 

Management at the Norwegian Coastal 

Administration. Photo: Anders Røeggen 
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Terje Solberg Johansen from the Joint Arctic Com-
mand in the Faroe Islands says they use ArcticInfo 
as a supplement to other navigation equipment 
onboard their vessels.

“We especially use it in connection with AIS to 
see which vessels operate in the Faroese fisheries 
zone 200 nautical miles from the baseline and to 
the border to Norwegian waters. But, most of all, 
we use the service to see Danish navigation warn-
ings for our area.”

The Faroese Command is based in Mjørkadalur 
on Streymoy. It is the command authority of the 
Danish Armed Forces under the Danish Navy  
Operative Command. In addition to safeguarding 
the sovereignty of the Danish Commonwealth, they 
also carry out tasks such as fisheries inspection, 
search and rescue, medical transport, and other 
public service tasks.

The Arctic Monitoring and Assessment Programme 
(AMAP) is an international organisation that is 
now part of the Arctic Council, and aims to obtain 
information about the status of and threats to the 
Arctic environment.

“Together with many other partners, we carry out 
environmental assessments of the consequences 
of climate change in the Arctic Ocean. In this 
work, it is important for us to know how many 
and what types of vessels use the area,” explains 
Mario Acquarone at the AMAP Secretariat.

For the Norwegian Maritime Authority, ArcticInfo 
is also a useful tool.

“I plan on using the service to observe ship 
movements in the polar region, and to identify the 
conditions in areas where ships operate,” explains 
Port State Coordinator Bjørn Ove Hansen, who 
works with Port State Control.

Through the project “the Nansen Legacy”, 
Charlotte Stark, from UiT The Arctic University 
of Norway, uses ArcticInfo actively to encourage 
the public to follow the research vessel Kronprins 
Haakon on an expedition in the Barents Sea.

“We want interested parties to follow the vessel 
and see where it is. When scientists are on impor-
tant missions in the Arctic, we share this informa-
tion with people who follow the project, including 
on Facebook. We have tried to find a suitable 
service that could show the vessel in real time 
and came across the service from BarentsWatch, 
which is also easy to use,” says Stark.

“It’s nice to be able to follow the research vessel in 
an interactive map, which is available through the 
BarentsWatch service.”

Jon Leon Ervik greatly appreciates feedback  
from users.

“Our objective was to create an information ser-
vice that provides navigators with important and 
useful information that supports safer voyages 
for navigators in the High North,” says Ervik. “The 
feedback we have received so far not only confirms 
that we are on the right track to that end, but 
that the service is also useful for others. Even 
though we have broad expertise that contributes 
to good decision-making in the Norwegian Coastal 
Administration, it is the feedback from users that 
– ultimately – will enable us to develop and deliver 
good services.”

WILL FURTHER DEVELOP THE SERVICE

The Danish Maritime Authority was to develop 
ArcticInfo, but due to reorganisation and lack of 
funds, the Norwegian Coastal Administration was 
asked to take over the development and operation 
of the information service.

SCIENCE AND SOCIETY
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The actual framework of the service is the 

map, which shows a number of layers of 

data that the user has easily accessible. 

Illustration: BarentsWatch

Visit the site at www.barentswatch.no/

arcticinfo/?lang=eng

SCIENCE AND SOCIETY
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“As this task was a perfect fit with BarentsWatch’s 
mandate, we agreed on a collaboration where 
BarentsWatch would develop the new information 
service based on data from the Norwegian Coastal 
Administration.”

Once conditions allow people to meet safely, the 
Norwegian Coastal Administration plans to host a 
user conference.

“We want a dialogue on how we can further develop 
the service to meet the needs of our users. Today, 
we have basic information that contributes to nav-
igation safety and environmental protection, but 
there is great potential for creating an even better 
user experience. In the long term, we envisage 
integrating information that can support tourism, 
fisheries, cruise traffic, and public administration.”

Today, users can add important information for 
authorities responsible for emergency preparedness 
and search and rescue services in Arctic areas. In 
the long term, the next step would be to add digital 
sailing routes for Svalbard, information about ice 
routes and icebergs, and whale observations.

“The service already includes Navigational  
Warnings and Notices to Mariners for Denmark, 
Greenland, and the Faroe Islands. We are now 
working to include similar information for Nor-
wegian waters, and we hope to have this in place 
by the end of 2022. Our vision is a comprehensive 
and reliable information service where navigators 
can find important and useful information for 
safer voyages in the High North.” 

Conditions in Arctic waters can be challenging. 

Photo: Helge M Markusson / Fram Centre

SCIENCE AND SOCIETY
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The kittiwake 
needs support  
to survive 

Jørn J Fremstad and Camilla Næss // Norwegian Institute for Nature Research

The black-legged kittiwake is in danger 
of going extinct from the bird cliffs 
along the Norwegian coast. Could urban 
kittiwake hotels and alternative nesting 
sites help save this little seagull?

RESEARCH NOTES

Climate change has led some of the kittiwake’s most important prey to 

change habitats, thereby becoming less accessible to birds nesting in 

the bird cliffs. Windier seas make it more difficult to find food on the 

surface of the water. Predation from white-tailed eagles, great black-

backed gulls, and corvids also poses a threat to the little gull. Photo: 

Signe Christensen-Dalsgaard / Norwegian Institute for Nature Research
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Are there kittiwakes where you live? The best thing you can do is keep 

your distance and leave them alone. By showing a little consideration, 

we can ensure that the kittiwake can breed successfully. Photo: Signe 

Christensen-Dalsgaard / Norwegian Institute for Nature Research
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he black-legged kittiwake (Rissa tridacty-
la), a small gull that feeds on the surface of 

the ocean, is the most numerous gull in Norway. 
However, the population has declined rapidly in 
many parts of the North Atlantic over recent dec-
ades. The decline in Norway is complex and not 
fully understood, but food shortages – both during 
winter and in the breeding season – and increased 
predation are likely important factors. 

Faced with a changing environment, the kitti-
wake has an ace up its sleeve. It has proven to be 
unusually flexible in its choice of nesting sites. 
Kittiwakes normally breed in colonies on narrow 
ledges on steep nearshore cliffs, but also appear to 
thrive on man-made structures such as buildings 
and bridges.

When life on the coast gets difficult, some kitti-
wakes decide to move to towns and cities. But 
where are they to live? The kittiwake is not aggres-
sive, nor will it steal your food, but it can still be 
a nuisance, since colonies of these birds make a 
great deal of noise and produce mounds of poop. 
For this reason, few people want to have a kitti-
wake colony as next-door neighbour. At the same 
time, measures taken to drive kittiwakes away 
from buildings subject the birds to stress, making 
it difficult for them to bring up their chicks. 

Researchers at the Norwegian Institute for Nature 
Research (NINA) are trying to figure out how to 
give the birds an alternative place to nest where 
they won’t be in conflict with human city-dwell-
ers. This would enhance their ability to breed 
successfully, which is a prerequisite for turning 
around the negative trend the kittiwake popula-
tion is experiencing.

“Ideally, we would ask the kittiwakes what the 
perfect nesting site looks like. Instead, we’re 
researching alternative nesting sites,” says Signe 
Christensen-Dalsgaard, researcher at NINA.

The researchers are working on identifying nest-
ing sites favoured by kittiwakes, the structures 
where they are most inclined to build their nests, 
and estimating the breeding success of kittiwakes 
nesting at different sites. This knowledge can 
bring us closer to understanding what works and 
where kittiwakes are likely to nest. 

AN ENDANGERED SPECIES

Seabirds are adapted to a harsh coastal existence, 
but in recent decades breeding failures have 
become the rule, rather than the exception for 
many species. Seven of ten gull species that nest 
in Norway are now included on the Red List, and 
of these it is the kittiwake that is in greatest peril. 
Food shortages and predation by corvids, gulls, 
and white-tailed eagles are considered some of 
the main reasons why kittiwake populations are 
plummeting, but this is a complex puzzle and 
scientists still lack many pieces.

“Along the coast of the Norwegian mainland, the 
kittiwake population has declined by 60 to 80 
percent,” says Tone Reiertsen, researcher at NINA. 
“Forecasts show that the kittiwake could disap-
pear from Norway’s bird cliffs within the next 40 
to 50 years, which would represent a dramatic 
downturn for the species.”

Kittiwake colonies are usually located on narrow 
ledges in steep, coastal cliffs, but the species is  
exceptionally amenable to nesting at other sites. 
The birds will nest on buildings, bridges, and  
other structures created by humans, and the  
kittiwakes that choose such nesting sites are  
the ones we define as “urban”.

T
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Kittiwake colonies are usually found in steep cliffs along 

the coast. These birds also thrive on buildings, bridges, 

and other structures created by humans – where they

are not always welcomed with open arms. 

Photo: Tycho Anker-Nilssen /

Norwegian Institute for Nature Research

KITTIWAKE FACTS

Kittiwakes can be found in the northern parts of 
the Atlantic and Pacific Oceans. In Norway, the 
birds nest along the entire coast, from Rogaland in 
the south to Svalbard in the north. 

The kittiwake is a small gull with a light grey back 
and wings. It resembles the herring gull in size and 
colour, but its legs and wingtips are completely 
black.

Kittiwakes nest in colonies, usually in steep rock 
faces. They can also nest on bridges, buildings, and 
even offshore oil installations. The nests are made 
of soil and excrement mixed with plants.

The kittiwakes lay from one to three eggs in May/
June, which the parents take turns incubating for 
about four weeks. The chicks fledge at the age of 
five to six weeks. 

As a rule, kittiwakes are monogamous and 
faithful to their mates. They often use the same 
nest year after year. However, if a pair fails to 
breed successfully for several years in a row, or 
if one of the birds is absent from the colony, the 
relationship may end in “divorce”. 

The juvenile birds become sexually mature at 
three or four years of age, and they often return to 
the colony where they were hatched to establish 
themselves.
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EATS ONLY SMALL FISH AND CRUSTACEANS

Unlike many other gulls, kittiwakes are not lured 
to urban areas by the availability of food. They 
live exclusively on small fish and crustaceans and 
obtain all their nutrition from the sea. But human 
settlements may offer kittiwakes shelter from  
extreme weather and protection from predators.

“The movement of kittiwakes into towns and cities 
is a warning that the situation along the coast and 
out at sea is not as it should be. There is no doubt 
that the kittiwake is experiencing major changes 
in its natural environment,” says Signe Chris-
tensen-Dalsgaard.

Research shows that kittiwakes nesting in close 
proximity to people often produce more fledglings 
than those in colonies in natural bird cliffs. Perhaps 
urbanisation could help preserve the species for 
the future? However, this requires that we are able 
to find solutions that allow kittiwakes and humans 
to coexist. 

GULLS DON’T CARE ABOUT BEDTIME

“Kittiwaaake, kittiwaaake!” The nasal call that 
gave this little gull its name can become a constant 
torment for neighbours who live close to the colony, 
especially when they hear it both night and day.

However, preventive measures and attempts to 
chase away the kittiwakes do not always have the 
desired effect. Experience suggests that once a 
kittiwake has established itself, it will not leave an 
area voluntarily; if prevented from nesting at that 
site, will instead move to nearby buildings. And 
regardless of that, from the time when the kitti-
wakes arrive at the nesting site, disturbing them 
or removing them is strictly prohibited. This also 
applies to nests without eggs or chicks.

In several places in Norway, artificial nesting sites 
have been built to reduce the level of conflict. But 
will the kittiwakes choose to use them?

LOOKING FOR WAYS TO COEXIST

Through the “Urban Kittiwakes” project, Reiertsen 
and Christensen-Dalsgaard are now collecting 
information about urban kittiwake from all over 
the country. One of their goals is to find out why 
the kittiwakes are migrating to cities, what kinds 
of “neighbourhoods” and structures they prefer as 
nesting sites, and how many chicks the kittiwakes 
manage to raise successfully in various places in 
Norway.

“We hope that this will give us more knowledge 
about how to achieve a better coexistence between 
kittiwakes and humans,” says Tone Reiertsen.  
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Seen close up, the kittiwake is a colourful bird. 

Photo: Svein-Håkon Lorentsen / 

Norwegian Institute for Nature Research

READ MORE ABOUT PROJECTS FOCUSED  
ON URBAN KITTIWAKES:

Fram Centre project: https://ifram.no/projects/
urban-kittiwakes-human-kittiwake-co-
existence-in-urban-space/

Norwegian Institute for Nature Research project: 
(site in Norwegian) https://www.nina.no/
Naturmangfold/Sjøfugl/Urbane-krykkjer
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Using vocalisations 
to explore climate 
change impacts on 
bearded seals

Samuel Martínez Llobet, Heidi Ahonen, Christian Lydersen and Kit M Kovacs // Norwegian Polar Institute

Jørgen Berge and Rolf Ims // UiT The Arctic University of Norway

Male bearded seals produce elaborate sounds 
(resembling songs) to attract females and to 
compete with other males during the mating 
season. This makes it possible to monitor breeding 
populations of this species using passive acoustic 
monitoring. 

RESEARCH NOTES

he Norwegian Polar Institute and 
partners within the Fram Centre maintain 

a passive acoustic monitoring (PAM) network, 
consisting of recording instruments attached to 
oceanographic moorings around Svalbard that 
record underwater sounds throughout the year. 
In this particular study, the Institute and UiT  
The Arctic University of Norway used  
recordings from:

1) Kongsfjorden on the west coast of Spitsbergen, 
which has undergone dramatic change due to  
warming, including major declines in sea ice coverage

2) Rijpfjorden in northeast Svalbard, which  
remains much more “Arctic” and 

3) Atwain, a site out in the drift ice northeast  
of Svalbard

T
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Photo: Kit Kovacs and Christian Lydersen / Norwegian Polar Institute
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PAM monitoring sites used in this  

study of bearded seal vocalisations

to explore possible climate-change related impacts 
on bearded seal distribution/abundance. We 
explored seasonal variation in singing intensity of 
bearded seals across the year at the various sites, 
which have very different ice conditions.

Bearded seals vocalisations were detected for an 
extended period at Atwain (January-July), while 
the vocal season was shorter at Rijpfjorden (Feb-
ruary-June) and shorter yet again at Kongsfjorden 
(April-June). The intensity with which they pro-
duced species-typical breeding vocalisations also 
varied markedly at the various sites. Singing was 
most intense at Atwain where the seals sang their 
elaborate downward trill vocalisations 24 hours a 
day for a period that extended over four months, 
reaching peak rates close to 400 trills per hour. In 
Rijpfjorden, 24-hour trill singing also took place 
over a period of months, but round-the-clock 
singing started a bit later and ended a bit earlier 
in the season than at Atwain. Singing rates at 
Rijpfjorden were intermediate, with peak rates of 
300 trills per hour. Singing during all hours of the 
day was also recorded in Kongsfjorden, but only 
during the month of June and peak rates were less 
than 100 trills per hour. Singing intensity appears 
to have declined markedly in Kongsfjorden when 
data from this study is compared to earlier studies 
conducted in the fjord in the 1990s, a time when 

Kongsfjorden had extensive sea ice and was a  
key site for breeding bearded seals.

Interestingly, sea ice cover in the study years was 
available throughout the vocal season at Atwain 
and Rijpfjorden, while in Kongsfjorden there was 
a mismatch between the peak in vocal activity 
(June) and the time when sea ice was present 
(until April). Sea ice has declined precipitously in 
Kongsfjorden, starting around 2006, and although 
the seals still seem to be doing breeding behaviour 
at the same time as in the past, there is no longer 
ice cover for them to give birth or rest on. Ongoing 
climate warming and concomitant sea ice reduc-
tions are likely to increase the incidence of such 
mismatches. 

We do not currently know if bearded seals in 
Kongsfjorden are less vocal because individual 
animals have shifted their distribution northward 
or whether there has been a population decline 
locally. In either context, it was interesting to 
discover that bearded seals in Svalbard do make 
use of the drift ice around the archipelago for 
breeding, an unexpected finding in this study that 
might provide the species with some respite from 
the reduction in shore-fast ice that is taking place 
because of increased influxes of Atlantic Water 
and warmer air and ocean temperatures.  
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Median hourly number of songs  

per week (February to July) in (a)  

Kongsfjorden (b) Rijpfjorden and (c)  

Atwain. Blue boxes (25-75th percen-

tiles) and the vertical lines (1st-99th 

percentiles) show variation around  

the median values (horizontal lines 

within the boxes). Figure from Llobet  

et al (2021) Polar Biology

Daily vocal rates of bearded seals 

in relation to the ice cover from 

February to August in Kongs-

fjorden (a), Rijpfjorden (b) and 

Atwain (c). Figure from Llobet et al 

(2021) Polar Biology

FURTHER READING: 

Llobet SM, Ahonen H, Lydersen C, Berge J,  
Ims R, Kovacs KM (2021) Bearded seal  
(Erignathus barbatus) vocalizations across 
seasons and habitat types in Svalbard, Norway.  
Polar Biology 44: 1273-1287,  
https://doi.org/10.1007/s00300-021-02874-9
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Being able to “hear” when farmed salmon 

are hungry could cut costs for aquaculture. 

Photo: Carolyn Rosten / Norwegian 

Institute for Nature Research
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Researchers listen 
to salmon

Jørn J Fremstad // Norwegian Institute for Nature Research

Have you ever looked at a salmon and wondered whether it 
was alarmed or hungry? Researchers are now employing a new 
approach – listening to salmon – to see if sounds can give an 
indication of their well-being. 

almon make sounds. We don’t yet know 
whether these sounds are meaningful, but 

experiments have shown that the soundscape 
changes when the fish are hungry or afraid of 
something, for example. Acoustic monitoring can 
revolutionise the way we learn about nature, and 
it’s cost-effective too,” says researcher Carolyn 
Rosten at the Norwegian Institute for Nature 
Research (NINA).

Together with colleagues at SINTEF Ocean, she is 
investigating how sound can be used to monitor 
the natural environment both quickly and easily. 
This is done using small recorders fitted with a 
microphone or hydrophone, also known as 
“acoustic loggers”. Listening to what the salmon 
can tell us is just one of many possibilities offered 
by the new method and tool. 

“S
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TESTED USING FEED AND HUMANS

The experiments on salmon were carried out both 
at NINA’s research station at Ims in Rogaland and 
in aquaculture net-pens at SINTEF ACE. At Ims, 
the researchers observed changes in the sound-
scape in the fish tank when a school class was 
visiting. In the pen at SINTEF ACE, sounds were 
measured before and after feeding.

“A big group of kids inevitably make quite a lot of 
noise, and we measured marked differences in 
the frequencies of the sounds the salmon made 
before, during, and after the children’s visit to the 
fish tank. It was as if the salmon felt threatened 
by these large, noisy creatures and were relieved 
when they left. We also discovered how long it 
took for the fish to calm down,” says Rosten.



132 FRAM FORUM 2022 RESEARCH NOTES

POTENTIAL SAVINGS FOR AQUACULTURE

“In the pens, we found that hungry salmon make 
sounds at different frequencies compared with 
salmon whose bellies are full. This discovery 
could help aquaculture industry cut costs, as 
outlay on feed is one of the industry’s biggest 
expenditures,” she continues.

Sound can be used to monitor species and envi-
ronments both on land and in the water. An audio 
recording could be enough to detect invasive or 
threatened species, or to describe periodic changes 
in plants and animals, ecological conditions, or 
human impact on nature.

CROAKING FROGS AND SINGING BIRDS

“We can for example detect when frogs are start-
ing to croak, or the arrival of migratory birds in 
the spring. We can also record sounds that don’t 
belong in a particular area, in order to get an early 
warning of invasive species,” says Rosten.  

It is possible to monitor both individual species 
and entire habitats. Acoustic loggers can be set up 
either as a self-contained system, or as a supplement 
to existing monitoring systems. They continuously 
collect data in real time and transmit the infor-
mation via the mobile network to a website that 
can be monitored by researchers, environmental 
managers, and even the general public if desired.

WORKS EVEN IN HARSH CONDITIONS

Acoustic monitoring is also an effective method 
when visibility is poor, such as in murky water, 
dense forest, in fog, or at night. The loggers are 
equipped with a battery and solar panel, and 
should be able to function unattended for at least 
six months. As the system requires little main-
tenance, the researchers avoid having to make 
repeated visits that can cause disturbance in the 
area being monitored. These capabilities make 
acoustic monitoring particularly suitable for harsh 
Norwegian conditions.

“The digital revolution opens up many possibilities. 
Using the technology and analytical methods that 
have now become available, we can already  
monitor nature on a broad scale using sound.  
By developing the technology further, we will 
identify even better solutions for Norwegian 
nature monitoring programmes,” says Carolyn 
Rosten. 

FURTHER READING: 

Bruk av lyd til overvåking av norsk natur - en 
mulighetsstudie (in Norwegian) https://hdl.
handle.net/11250/2716896 

Video: https://youtu.be/pO3SRjkyPZA 
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The researchers use a hydrophone like this one to 

listen to sounds made by salmon. Photo: Carolyn 

Rosten / Norwegian Institute for Nature Research

ACOUSTIC MONITORING

A myriad of organisms, including crustaceans, 
spiders, insects, fish, amphibians, reptiles, birds, 
and mammals, produce species-specific acoustic 
signals as part of their daily activity. 

This means they leave audible traces that can 
reveal the presence of a species and other 
aspects of their ecology and behaviour. 

Passive acoustic monitoring is a non-invasive 
method that produces long-term, standardised 
data on the composition and dynamics of animal 
communities.

Audio recordings can provide information about 
the occurrence or absence of species, population 
density and structure, reproduction, migration 
patterns, interaction between species, and 
ecosystem functions, among other phenomena.  
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The benefits of sub-Arctic 
kelp cultivation

Sanna Matsson // Akvaplan-niva

I am out walking with my children along a windy, desolate  
sub-Arctic beach. Seagulls fly high above. We take in the distinct 
sound and scent of the sea. Suddenly my youngest child hunkers 
down, then pops up again with a big grin, his mouth full of 
rockweed. He loves seaweed, and so does his big sister. 

am a phycologist: I study algae for a living. 
Perhaps you’re thinking, “Obviously the  

children of a phycologist love seaweed!” Actually, 
I’ve never taught my children to eat half-dried, 
tough, sandy seaweed. But I haven’t ever stopped 
them from eating it either. Unfortunately, this joy 
and instinct of consuming seaweed doesn’t come 
as naturally to me as it does to them. 

DECLINING SEAWEED

I continue gazing along the beautiful rocky beach. 
The ebbing tide is uncovering bands of wonderful 
rockweed ranging in tones from olive green to 
yellow and brown. Some consider them stinky 
and disgusting but they seem infinitely exciting 
for children. These species are very important for 

I
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ecosystem functioning, supporting myriad forms 
of life, and seaweed loves the cold, clean, nutrient- 
rich Arctic water. My gaze shifts to the dark water 
and when my eyes adjust, the abrupt end of the 
field of seaweed appears at the waterfront. Where 
the rockweed should transition to the larger kelp 
species, I see a barren seabed dotted with sea 
urchins (Strongylocentrotus droebachiensis). Sea 
urchins eat huge amounts of kelp, and urchin 
populations along the Norwegian coast had a 
sudden increase in the early 1970s. The reason for 
this increase is debated, but it is a fact that coastal 
cod stocks have struggled since the decline in the 
kelp forest in the north. The provision of nursing 
ground for coastal fish species is only one of many 
ecosystem services that disappeared with the 
seaweed forests’ decline. 
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Children are fascinated by seaweed. 

Photo: Sanna Matsson / Akvaplan-niva
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OPTIMAL FOR SEAWEED CULTIVATION

There are many possibilities for supporting the 
transition from the barren Arctic seafloor left 
behind by the sea urchins back to the highly  
productive kelp forests. But this is not a story 
about kelp restoration: this is a story about cultiva-
tion of seaweed, and why the sub-Arctic is such a 
promising site. This may come as a surprise, since 
kelp farming above the Arctic Circle has been 
considered unfeasible. Some have argued that the 
dark winters and the short growing season in this 
area represents a showstopper for kelp cultivation. 
Studies within the region, however, have disproved 
this, demonstrating not only that it is feasible to 
cultivate kelp this far north, but also that the 
High North offers certain benefits compared to 
kelp cultivation at lower latitudes. 

WHAT IS KELP CULTIVATION?

First, for those of you who don’t know much about 
kelp cultivation: worldwide it is huge! In 2019 the 
global production of cultivated aquatic algae was 
34.7 billion tonnes. This is 24 times the biomass 
of all salmon produced in Norway. The economic 
value of cultivated seaweed was 15 billion USD. 
Less than 0.017% of this production takes place in 
Europe, and even less in Norway. However, there 
is great potential for increased seaweed production 
along what is the world’s second longest national 
coastline.

BIOFOULING AS A BOTTLENECK

One of the bottlenecks for kelp cultivation is that 
other organisms grow on the kelp, reducing its 
quality. This process is called biofouling. 

Kelp that has grown in clean water is perfectly safe. 

If you see children eating seaweed, let them! 

Photo: Sanna Matsson / Akvaplan-niva
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To avoid this decline in quality, kelp farmers must 
harvest their crop before the biofouling organisms 
settle. Early harvesting curtails the kelp grow-out 
phase in the ocean. Previous studies and observa-
tions, south of the Arctic Circle, showed that these 
biofouling organisms arrive in springtime or early 
summer, and some experts assumed it would be 
the same farther north. That would leave only a 
couple of months of growth from deployment to 
harvesting. But, as these biofoulers are usually  
ectothermic (cold-blooded), they arrive later in  
the colder waters up north, extending the growth 
season. This fact confers many benefits on
sub-Arctic kelp cultivation.

ARCTIC BENEFITS

First, Arctic kelp cultivation can take advantage 
of the long summer days and midnight sun. This 
means we can produce large amounts of biomass, 
one basic criterion for successful cultivation. The 
continuous daylight (or actually the absence of 
darkness) during the Arctic summer amplifies two 
of the most important ecosystem services provid-
ed by kelp: the incorporation of the greenhouse 
gas carbon dioxide by photosynthesis, and the 
production of oxygen as a by-product. The binding 
of carbon dioxide also increases seawater pH, thus 
mitigating both ocean acidification and climate 
change. As everything is beautifully connected, 
the colder Arctic waters help extend the time 
when nutrients are available, and postpone the 
arrival of biofoulers. Together, these factors 
provide kelp cultivated in the High North with 
excellent growing conditions. 

MULTI-TROPHIC AQUACULTURE

Another positive aspect of the extended growing 
season in the sub-Arctic, is that it allows more 
time for co-cultivation of species on different 
trophic levels. In Integrated Multi-Trophic 
Aquaculture, IMTA, one or several species feed on 
effluent or waste from other species. In short, one 
species’ trash is another species’ treasure. In Asia, 
where both food habits and regulations tend to 
be more flexible, the advantages of co-cultivation 
have been recognised for centuries; sometimes as 
many as ten species are raised at one site. Aqua-
culture in Asia combines cultivation on land and 
in the ocean, often with distinct species such as 

Grazing sea urchins have transformed 

rich kelp forests into barren wastes.

Photo: Sanna Matsson / Akvaplan-niva

Cultivated kelp (Saccharina latissima). 

Photo: Sanna Matsson / Akvaplan-niva

rice, seaweed, pigs, carp, shrimp, and ducks. In 
Europe, we usually have monocultures with only 
one species, like salmon in Norway. In monocul-
tures, the feed has to be provided from outside 
the aquaculture system, and the waste products 
are left unexploited, with possible negative effects 
on the environment. There is growing interest in 
IMTA in Europe, but there are some bumps in the 
road that need to be smoothed out for this to be 
developed fully. 
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When the fieldwork is done, the boat can be 

full of baby lumpfish that need to be rescued 

back into the water. Photo: Sanna Matsson / 

Akvaplan-niva

COMBINING SALMON AND KELP

Two industries that could benefit from co-cultiva-
tion are the salmon and kelp industries. Here, 
the kelp can utilise the dissolved nutrients from 
salmon aquaculture, which would reduce the 
environmental footprint of salmon production. 
The amount of effluent from salmon farming is 
affected by seawater temperature: warmer water 
increases the metabolic rate in fish. One of the 
benefits of co-cultivation is obviously the existence 
of the “trash-loving” species when trash provision 
is at its peak. If the kelp is harvested in springtime, 
there will be a mismatch between maximum 
effluent production and maximum effluent 
uptake. If the kelp instead is harvested in late 
summer, there will be a better match, and 
better conversion of “trash” to “treasure”. 

Many lumpfish spend their first months in seaweed. 

Their pectoral fins form suction cups which allow 

them to rest attached to kelp blades or other solid 

surfaces. Photo: Sanna Matsson / Akvaplan-niva
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 The author with an armful of kelp.  

Photo: Trond Ivarjord / Akvaplan-niva

WHY KELP CULTIVATION?

Kelp cultivation would be beneficial in areas 
where natural kelp forests are missing, as kelp 
forests offer shelter, a nursing ground, a place 
to live, and food for marine species such as the 
lumpfish, which eats salmon lice. Kelp cultivation 
may possibly also speed up the re-growth of kelp 
forests by providing sporelings to surrounding 
areas that have been grazed bare by sea urchins. 

Many products can be made from seaweed. Some 
say that everything you can make from oil, you 
can make from seaweed. One obvious product 
that demands very little processing and biorefining 
is food for humans. Again, Asia is a pioneering 
continent where seaweed is considered perfect 
food for just abut any occasion, including as a 
snack. Europe may not be far behind on that road. 
We have to start by not stopping others who appre-
ciate the flavour of algae. So next time you see your 
own or someone else’s child chewing on seaweed from 
the beach, remember not to stop them! 

• In nature, carbon goes through a cycle where 
 plants play a crucial role.
• During photosynthesis, kelp uses energy from the 
 sun to convert carbon dioxide and water into the 
 building blocks for its own cell structures. 
• The carbon bound in kelp blades (kelp carbon) 
 may fall to the seafloor. If the blades are eaten 
 and digested or simply decompose, the carbon 
 will be released to the water (dissolved organic 
 carbon) and become available for a new round of 
 photosynthesis. 
• Other kelp blades may end up in sediment where 
 there is little decomposition (carbon burial), 
 or be transported to deep ocean waters that will 
 not return to the surface for thousands of years. 
 Over even longer, million-year time spans, buried 
 plants can be transformed into oil or coal. In all 
 these cases, the carbon is trapped: it becomes 
 unavailable for photosynthesis. This is called 
 “carbon sequestration”.
• Carbon can also be sequestered when kelp is 
 harvested by humans and turned into something 
 else (products). Some products, such as food, 
 animal fodder, and cosmetics, trap the carbon 
 short-term, whereas products like bioplastics and 
 biochar trap it much longer.
• Harvesting kelp and other seaweeds thus 
 prolongs carbon storage, may contribute to 
 carbon sequestration, and could possibly also  
 contribute to climate change mitigation. 

KELP AND THE CARBON CYCLE

FURTHER READING: 

MACROSEA: https://www.sintef.no/projectweb/
macrosea/ 

KELPPRO: https://kelppro.net/

AQUAVITAE: https://aquavitaeproject.eu/

New aquaculture species: https://www.akvaplan.niva.

no/en/projects-networks/new-aquaculture-species/
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While in Tromsø, the early stage research-
ers also had some spare time to enjoy the 
lovely fall weather. They went to Fløya 
mountain and lake Prestvannet to see 
northern lights, and they also rented 
a cabin at a lake in Lyngen Alps east of 
Tromsø. Photo: Faezeh Sadrabadi Haghighi 
/ Federal Institute for Risk Assessment, 
Germany 

Eleven of the early stage researchers in 
the PERFORCE3 ITN met in person for the 
first time in Tromsø. 

Back row, from left: Ana Carolina Coelho 
(UiT The Arctic University of Norway), 
Faezeh Sadrabadi Haghighi (Federal 
Institute for Risk Assessment, Germany), 
Lara Cioni (NILU, Norway), Melanie Lauria 
(Stockholm University, Sweden), Björn 
Bonnet (Swedish University of Agricultural 
Sciences, Sweden), Lackson Kashobwe 
(Vrije Universiteit Amsterdam,  
The Netherlands).

Front row, from left: Silvia Hupcejová 
Dudášová (Helmholtz Centre for  
Environmental Research, Germany),  
Mohammad Sadia (University of  
Amsterdam, The Netherlands),  
Michel Hubert (Norwegian Geotechnical 
Institute, Norway), Rachel London  
(ETH Zurich, Switzerland), Oddný  
Ragnarsdóttir (University of Birmingham, 
UK). 

Photo: Trude Borch / Akvaplan-niva
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PERFORCE3: bringing 
experienced and new 
researchers together

Christine F Solbakken // NILU – Norwegian Institute for Air Research

The training of young researchers is central to a sound and 
continuous science system in any field. Knowledge transfer from 
experienced researchers to early career researchers is an essential 
part of the education. 

SCIENCE AND SOCIETY

ERFORCE3 is a Europe-wide multi-partner 
doctoral research training programme on 

contaminants called polyfluorinated alkyl substances 
(PFASs). This innovative training network (ITN) 
brings world leaders in disciplines such as environ-
mental and analytical chemistry, epidemiology and 
toxicology together with fifteen young researchers 
from all over Europe. The goal is to provide high 
quality doctoral training, state of the art research 
environments – and a professional network. 

Fram Centre researchers Dorte Herzke (NILU) and 
Torkjel Sandanger (UiT/NILU) are among the super-
visors taking part in PERFORCE3.

“In the field of environmental contaminants, things 
change very quickly. New contaminants are released 
daily. Sharing our knowledge and experience with 
new researchers is important: it gets them up to 
speed faster, which is good for the environment,” 
says Herzke. 

PERFORCE3 PFAS WORKSHOP IN TROMSØ

Fifteen early stage researchers (ESRs) from all over 
the world were accepted into the PERFORCE3-ITN 
during the fall of 2020. Due to Covid restrictions, the 
first 12 months of lectures and meetings were held 
online. When they gathered in Tromsø in the fall of 
2021 for a week of lectures and a workshop, most of 
the young PERFORCE3 ESRs met for the first time. 

Their work week in Tromsø ended with a hybrid 
PFAS workshop on 1 October. Five of the young 
researchers gave lectures on their fields of study. 
In addition, representatives from Bellona, Mivanor, 
Perpetuum, and Fjällräven talked about PFASs from 
their perspective, and Audun Heggelund from the 
Norwegian Environment Agency gave an orientation 
on the proposal for PFAS restriction under REACH. 

In total, the PERFORCE3 PFAS workshop attracted 
100 participants from more than 20 countries. 

P

SCIENCE AND SOCIETY
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DIVERSE AND ADVANTAGEOUS EXPERIENCE

Lara Cioni, a PhD student at UiT and NILU, is one of 
the young researchers in the PERFORCE3 ITN. She 
first came to NILU during her master's studies in 
environmental and cultural heritage chemistry at 
the University of Firenze. While at NILU, she heard 
about the PERFORCE3 ITN, and since she wanted to 
learn more about PFAS, she decided to apply. 

So far, she is very happy with that decision. 

“Being part of the ITN has given me an opportunity 
to work with many different people from different 
disciplines. We get to interact with not only our own 
supervisors, but with a lot of experienced researchers 
in other fields as well. It is not easy to get access to 
such a different and diverse experience, so it is a 
clear advantage,” Cioni says. 

Ana Carolina Coelho during her presentation at the 

PERFORCE3 PFAS workshop in the Fram Centre. 

Photo: Faezeh Sadrabadi Haghighi / Federal Institute 

for Risk Assessment, Germany

All the PERFORCE3 ESRs visit some of the other 
partner institutions during the programme. Cioni 
was recently at Stockholm University for three 
months. There, she spent time with members of  
the group, learning new methods and accessing 
instrumentation not available to her in Norway. 

“Taking part in the ITN does mean more meetings 
and lectures than we would otherwise have had, 
but it’s worth it,” she says. “I would recommend 
applying to this type of EU programme. It’s a unique 
opportunity to learn, and a privilege to have access 
to leading scientists from all the research institutions 
involved in PERFORCE3.” 
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PERFORCE3 (PER- and polyfluorinated alkyl 
substances (PFASs) towards the Future Of 
Research and its Communication in Europe 3) is 
coordinated by Stockholm University. It is funded 
by the European Union’s Horizon 2020 research 
and innovation programme under its Marie 
Skłodowska-Curie Actions.

The early stage researchers at dinner with supervisors Albert Braeuning 

(German Federal Institute for Risk Assessment), Dorte Herzke (NILU) and 

Torkjel Sandanger (NILU/UiT). Photo: Rita Johansen / Fram Centre
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Dsolve: working  
to prevent plastic  
litter in the marine  
environment

Roger B Larsen // UiT The Arctic University of Norway

Plastic waste is high on the environmental agenda. 
Unfortunately, much of the marine litter in Norwegian 
waters originates from the fishing and aquaculture 
industries. Researchers are now working with these 
and other industries to find ways to eliminate or 
reduce the problems plastics cause. 

RESEARCH NOTES

RESEARCH NOTES
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In March 2016, a section of a lost bottom-set  

gillnet for cod was found during trawl experiments 

at about 250 depth off the coast of northern 

Norway. The net contained red king crabs, living 

and dead. Photo: Roger B Larsen / UiT The Arctic 

University of Norway

A lot of the plastic waste in the ocean comes 

from marine industries. Photo: France Collard / 

Norwegian Polar Institute
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In December 2021, we did an experiment to compare the resilience of two different 

materials, one natural and one synthetic, when used in real-life conditions. The 

photo shows a “cod-end”, the aft part of a trawl net, where captured fish accumu-

late. To protect the net from damage caused by abrasion against the seabed, and 

prevent loss of fish, the underside of the cod end is covered by a protective mat 

called a “chafer”. Modern trawling often uses chafers made of synthetic petroleum- 

based fibres known as dolly ropes. One natural alternative is to make chafers out 

of cowhide, as was common practise among trawlers until the mid 1970s. In our 

experiment, we deployed a trawl net fitted with cowhide (left side) and dolly ropes 

(right side), and afterwards examined the two materials for strength and signs of 

abrasion. The results are still preliminary, but visual inspection after each tow 

showed that some fibres easily detached from the dolly rope chafer during  

operations on the trawl deck. We hardly saw any marks on the cowhide.  

Photo: Roger B Larsen / UiT The Arctic University of Norway
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lot of the plastic waste originating from 
fishing activities ends up as beach waste, but 

this accounts for only 10% of the total volume, 
according to reports published by the Norwegian 
Environment Agency. Huge islands of waste float 
around in the seas, a very large proportion of 
which ends up on the seabed. Lost fishing gear 
causes unintentional loss of marine life through 
“ghost fishing”. For Norwegian fisheries alone,  
the annual loss of fishing equipment leads to an  
estimated future loss of earnings totalling billions 
of Norwegian kroner. What if it were possible to 
find biodegradable alternatives to the plastics  
currently in use, thus reducing or eliminating 
ghost fishing? This is where Dsolve comes in.

Dsolve is a centre for research-based innovation, 
led from UiT The Arctic University of Norway. It is 
a partnership between fourteen partners from the 
fishing and aquaculture industries and equipment 
suppliers, plus five national and three international 
research institutions. The goal of the centre is 
to develop technologies and new environmen-
tally friendly products, facilitate environmental 
management, and promote innovations that can 
make plastic-based value chains more circular and 
resource-efficient. This will reduce the carbon and 
climate footprints and will be in keeping with the 
UN’s climate, energy and sustainable  
development goals. 

Our working hypothesis is that the challenges 
linked to plastic marine litter originating from the 
fishing and aquaculture sectors can be signifi-
cantly reduced if traditional plastics are replaced 
by new, biodegradable materials. But there is 
no quick fix. The research and development of 
new products will take time and documenting 
their impact on fisheries will be crucial. The new 
materials must be biodegradable in the marine 

environment, but must also be perceived by users 
as equally useable and efficient as the current  
petroleum-based materials. How much it will cost 
to reduce and ultimately eliminate ghost fishing and 
prevent macro- and microplastics from escaping 
into the marine surroundings is not known, but 
no stone can be left unturned in our efforts to 
solve one of the greatest environmental problems 
of our time. 

Dsolve was established in November 2020 and the 
Centre was officially launched on 28 April 2021. 
Planned activities include work packages relating 
to the development of new biodegradable basic 
materials, degradation experiments in controlled 
environments, and practical use in the fishing 
industry. Delays caused by the pandemic affected 
the progress of these and other work packages. 
Nonetheless, work has commenced at the labora-
tories to analyse and test different biodegradable 
materials. Our international partners have a 
strong focus on designing new basic materials for 
use in the fishing industry. During 2021, fishing 
experiments were conducted on a commercial 
scale in Norway and Denmark using biodegradable 
nets supplied by one of our foreign partners.  
New biodegradable and well-known bio-based 
materials (natural fibres) were tested in conven-
tional longlines and active fishing gear such as 
bottom trawls and demersal seine. 

Ultimately, we intend to disseminate our results to 
motivate fishermen and the supplier industry to 
adopt the use of biodegradable materials.

Published results will be uploaded to Dsolve’s 
websites on an ongoing basis and will also be 
communicated via our LinkedIn, Facebook, 
and Twitter accounts. 

RESEARCH NOTES

A
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DSolve – is a research-based innovation centre for the 
development of biodegradable plastic for use in the fishing 
and aquaculture industries. The Centre’s vision is to reduce 
the amount of plastic marine litter and associated issues. 
Plastic litter can take the form of macroplastics and 
smaller plastic particles. Lost fishing equipment may lead 
to “ghost fishing”, which in turn leads to an unintended 
reduction of fish stocks and future loss of earnings in 
the fishing industry. Our ambition is to place Norway at 
the forefront of research, development, and use of smart 
biodegradable materials.  This will enable us to manage 
the challenges posed by plastic-based materials in fishing 
activities worldwide. 

Education is a priority at centres for research-based 
innovation and Dsolve aims to train eight PhD candidates, 
four postdoctoral fellows and many MSc candidates. 
Dissemination of the outcomes of these development 
efforts will make it easier for industry players to adopt the 
use of biodegradable materials. 

The Dsolve name and the logo comprise multiple elements. 
Dsolve is pronounced “dissolve” and refers to our vision 
of developing new materials that are biodegradable in the 
marine environment. This process is illustrated by the 
D having broken apart and the loose bit forms the “l” of 
Dsolve. The word “solve” highlights our ambition to solve a 
major environmental problem and secure a leading position 
for Norwegian industry.

RESEARCH NOTES
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A tragedy waiting to happen. 

This northern gannet appears to 

have gathered dolly rope fibres to 

use in its nest. Photo: A Different

 Perspective / PixabayFURTHER READING:

Visit the Dsolve website at  
https://uit.no/research/dsolve-en

RESEARCH NOTES
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Climate is like your 
wardrobe. Weather is like 
what you are wearing today

r Walsh is Chief Scientist at the  
International Arctic Research Center at  

the University of Alaska Fairbanks.

“Our warmest congratulations go to Dr John E. 
Walsh. He has taught us that linking all elements 
of a system is essential to understanding and 
predicting the future. This integrative approach, 
using observations and models, has enabled him 
to extend Arctic phenomena to global impacts as 
well as recognise extreme weather and environ-
mental events specific to the distinct regions of 
the Arctic,” said Dr Dag Rune Olsen, Rector of UiT 
The Arctic University of Norway.

The Laureate responded: “I want to express my 
sincere gratitude for the Mohn Prize. When I was 
informed of the selection, I was stunned, and 

humble. The Mohn Prize is the Arctic’s most pres-
tigious award, and I hope to do it justice, through 
the tremendous opportunities it provides.”

THE COMMITTEE’S STATEMENT

The Mohn Prize Steering Committee unanimously 
views Dr Walsh as an influential generator of new, 
ground-breaking knowledge about the changing 
Arctic climate system that is simultaneously 
creative, practical and of high public value beyond 
the scientific community. He is one of the most 
authoritative scholars in the field of modern Arctic 
change. The Committee underscores the impor-
tance of the breadth and depth of Dr Walsh’s  
contributions, which are critical to our under-
standing of the future development of the Arctic.

D

The title of this article comes from Dr John E Walsh, 
recipient of the Mohn Prize 2022 for his continuous leading 
role in generating our common understanding of how sea 
ice dynamics link intimately with ongoing changes, including 
extreme regional events, throughout the Arctic system. 

SCIENCE AND SOCIETY

SCIENCE AND SOCIETY

Morten Hald, Marit Reigstad and Karine Nigar Aarskog // UiT The Arctic University of Norway
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ABOUT THE MOHN PRIZE: 

The Mohn Prize is intended to highlight 
excellent and important research for the 
northern regions and research relevant 
for society and the local population. 
The goal is to put important questions 
on the agenda, both nationally and 
internationally. UiT The Arctic University 
of Norway, Tromsø Research Foundation, 
and Academia Borealis – The North-
Norwegian Academy of Science and 
Letters, together award the prize (2 
million NOK) every other year.

Read more about the prize here: 
https://en.uit.no/mohnprize

ABOUT THE LAUREATE: 

Dr Walsh is Chief Scientist at the University of 
Alaska Fairbanks International Arctic Research 
Center and distinguished President’s Professor 
of Global Change at UAF. He is also the co-lead of 
the Climate Expert Group of the Arctic Monitoring 
and Assessment Programme. He continues to 
be one of the most active scholars in the fields 
of Arctic environmental change, seasonal to 
decadal variability of sea ice, predictability of 
climate change at high latitudes, and changes in 
Arctic weather in the context of rapid change.

Dr Walsh has published over 300 peer-reviewed 
papers, including insightful articles that educate 
broadly and highlight fruitful research directions. 

He works across scientific disciplines, publishing 
with numerous co-authors from many countries.

He was lead author for the cryosphere chapter 
of the Arctic Climate Impact Assessment (ACIA, 
2005), the Polar Regions chapter of the IPCC’s 
Fourth Assessment Report (AR4, 2007), the Arctic 
climate and modelling chapters of the Snow, Water, 
Ice and Permafrost in the Arctic report (SWIPA, 
2011) of the Arctic Monitoring and Assessment 
Program (AMAP) of the Arctic Council, the chapter 
“Our Changing Climate” and key appendices in the 
3rd US National Climate Assessment report (2014), 
and the Arctic Extreme Events chapter of AMAP’s 
Climate Update report (2021).
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Bjørn Øien from Bjørnøya

Ann Kristin Balto // Norwegian Polar Institute

hese are the words Fritz Øien used when 
trying to convince his future wife that 

Bjørnøya would be a great place to spend the winter. 
Bjørnøya is a precipitous, almost inaccessible 
island located at a latitude of 74° North between 
Norway and Spitsbergen. The weather is essentially 
always bad, and the island is often shrouded in 
fog. In 1930 it was home to a manned meteorological 
station, an abandoned mining town, and tens of 
thousands of seabirds that flew south to warmer 
regions every winter. The reason Øien wanted 
to go to Bjørnøya was that the foreman at the 
meteorological station had fallen seriously ill and 
needed to go to the mainland for medical treat-
ment. Consequently a new manager was required 
immediately. Fritz Øien, who had experience from 
several previous winters on Jan Mayen, was asked 
to go and was given an entire two hours to think 
about it. Fritz was tempted, but thought it would 
be preferable if he had a wife along for company. 
He was very busy for the next couple of hours.

WOMEN BANNED FROM BJØRNØYA

First, Fritz needed to overturn a provision laid 
down by Bjørnøen AS which stated: “Women are 
not permitted to stay on the island”. This provision 
applied to spending the winter there and was 
prompted by a brawl that had broken out a few 
years earlier. With the help of an acquaintance 
who was also a businessman in Tromsø, and a 
little white lie about already being married, Fritz 
persuaded Director Roaldkvam of Bjørnøen AS to 
let him take his “wife” along and spend the winter 
there. Fritz had Margareth Dalsbø in mind, so he 
dropped by to visit her. What a fantastic start for a 
marriage – a honeymoon on Bjørnøya, adventure 
just waiting for them. Fritz agreed to serve as 
manager at the weather station and the wedding 
took place in a great rush. 

In October 1930 the newlywed couple boarded 
the ship Tromsø. They had a rough crossing, but 

RETROSPECTIVE

Bjørnøya has most everything. It has a surgery 
with no doctor and a hospital with no nurse. It 
also has a cinema without no projectionist, a 
bakery with no baker, big engineering workshops 
with no workers, and an “Ocean Boulevard” lined 
with houses, but with no residents.

T
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In 1932, Fritz Øien and his family spent another 

winter on Bjørnøya. The photo shows young Bjørn 

with his parents, father Fritz arm in arm with 

mother Margareth. They are accompanied by 

Bjørn’s uncle Jens Ewald Øien (right) and the chef 

at the station. Photo: David Lack/Norwegian Polar 

Institute photo archive

after 13 days they arrived at the little polar ocean 
harbourage of Herwighamna on the northern side 
of the island. Their honeymoon soon produced 
results. Margareth was pregnant and the baby 
was due in May. Fritz spent a lot of time studying 
a large medical book he had found in the hospital 
with no doctor or nurse and learned (in theory) 
how to cut the umbilical cord. However, the  
parents-to-be were delighted when the vessel 
Sotra appeared on the horizon and Thor Iversen 
from the Directorate of Fisheries came ashore 
shortly afterwards. Margareth made it to Tromsø 
in time and gave birth to a son – who was naturally 
named Bjørn Øien. 

Source: Fritz Øien: “Honeymoon on Bjørnøya”, 
Polarboken, 1958
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Fram Centre  
Flagship Projects 2021

FRAM CENTRE FLAGSHIPS

PROJECT TITLE

FRAM CENTRE LEAD 
INSTITUTE AND  
PARTNERS PROJECT LEADER EMAIL

"POP is not dead" – environmental and ecological drivers of 
long-term trends of legacy Persistent Organic Pollutants in a 
sentinel Arctic seabird: the black-legged kittiwake

APN, NILU, NINA, 
NPI

Pierre Blévin pbl@akvaplan.niva.no

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

NINA, APN, NPI, UiT Jan Bustnes jan.bustnes@nina.no

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

NINA, NILU, NPI, UiT Jan Bustnes jan.bustnes@nina.no

Innovative Training Network on per and polyfluorinated alkyl 
substances towards the Future Of Research - The Norwegian 
Arctic link (PERFORCE-North)

NILU, APN, UiT Dorte Herzke dhe@nilu.no

Marine food safety (MarFoSa) - Legacy and emerging contami-
nants in novel arctic marine food items

UiT, NILU Karl-Erik Eilertsen karl-erik.eilertsen@uit.no

Svalbard Glaciers – a source of frozen pollutants (GLACIERS) NPI, NILU Elisabeth Isaksson elisabeth.isaksson@npolar.no

NORM in Norwegian marine areas DSA, IMR, NGU Louise Kiel Jensen louise.kiel.jensen@dsa.no

Sublethal toxicity effects of car tire rubber on lumpsucker and 
shrimps (RUBBERTOX)

APN, NILU, SINTEF Claudia Halsband clh@akvaplan.niva.no

Contaminants in local food: combined assessment of toxic 
elements, POPs and radioactive substances (CIFOOD)

DSA, APN, NILU, UiT Anna Nalban-
dyan-Schwarz

Anna.Nalbandyan-Schwarz@
dsa.no 

Screening for Emerging Arctic health Risks to Circumpolar 
Human populations (SEARCH) (year 3)

NILU  APN, UiT, NPI Nicholas Warner nw@nilu.no

PharmArctic - Sources, bioaccumulation and mitigation alter-
natives for pharmaceuticals in the marine environment around 
the settlements of Svalbard - a transdisciplinary approach

SINTEF, UNIS, NPI Ida Beathe Over-
jordet

ida.beathe.overjordet@sintef.no

Cellular responses to contaminant exposure in marine mam-
mals from the Arctic

NPI, UiT, APN Heli Routti heli.routti@npolar.no

Mercury in the Barents region – a review of terrestrial sources, 
river fluxes, and environmental effects

NIVA, APN,  NILU Hans Fredrik Veitberg 
Braaten

HansFredrik.VeitebergBraaten@
niva.no

The role of ringed seals in transferring contaminants in the 
Northern Barents Sea food web

NPI, NILU Heli Routti heli.routti@npolar.no

Miljøgiftboka (Outreach) NPI Geir Wing Gabrielsen geir.wing.gabrielsen@npolar.no

Hazardous substances
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PROJECT TITLE

FRAM CENTRE LEAD 
INSTITUTE AND  
PARTNERS PROJECT LEADER EMAIL

Multidecadal variations in ocean climate, individual fish growth 
and population demography revealed by redfish otoliths - con-
tinuation

IMR Hector Andrade hector.antonio.andrade. 
rodriguez@hi.no

SeaTrout_Cold-water adapted fish in hot water; ecological 
performances of anadromous Arctic charr (Salvelinus alpinus) 
along diversifying lake and fjord gradients

NIBIO Hallvard Jensen hallvard.jensen@nibio.no

Urban kittiwakes – human/kittiwake co-existence in urban 
space

NINA Tone Kristin  
Reiertsen

tone.reiertsen@nina.no

Drivers of fish extinction and colonization on oceanic banks 
(DRIVEBANKS): adding social science and communication with 
management to ecology and oceanography

NINA, IMR, NPI, UiT Kari Ellingsen kari.ellingsen@nina.no

Planning for coastal climate change (CoastChange) UiT, Nofima Claire Armstrong claire.armstrong@uit.no

CrabPOP - Effects of crab population increase and range expan-
sion on north Norwegian coastal ecosystems

NIVA, APN, IMR, 
Nord

Camilla With Fagerli camilla.with.fagerli@niva.no

Inclusive governance of small-scale fisheries in coastal com-
munities in Northern-Norway for resilience to environmental 
and socioeconomic changes (InclusiveCoasts)

NINA, UiT Sigrid Engen sigrid.engen@nina.no

Freshwater inputs to Svalbard's coastal waters: Fluxes, fate, 
and implications for coastal ecosystems (FreshFate)

NIVA, APN, UNIS, 
UiT

Amanda Poste amanda.poste@niva.no

The new generation of Calanus (GONAD) APN, UiT Claudia Halsband clh@akvaplan.niva.no

Seabird habitat use and migration strategies NINA, APN, NPI, 
CICERO

Borge Moe borge.moe@nina.no

Fjordic Freshwater Fluxes (FFF): Impacts on circulation and 
marine ecosystems

UiT, APN, UNIS, NPI Final Cottier Finlo.Cottier@sams.ac.uk

Assessment of ecosystem VulnErability and functioning of 
Coastal fish (AVEC)

IMR&UiT, APN, NINA Ulf Lindstroem ulf.lindstroem@hi.no

Fjord and Coast

ABBREVIATIONS
APN: Akvaplan-niva AS
ASU: Arizona State University*
Bangor-U: Bangor University, UK*
BOS: Bigelow Laboratory for Ocean Science, USA*
CICERO: Center for International Climate Research
DSA: Norwegian Radiation and Nuclear Safety Authority
FSU: Florida State University*
JAMSTEC: Japan Agency for Marine-Earth Science and Technology*
ICR: International Centre for Reindeer Husbandry*
IMEDEA: Mediterranean Institute for Advanced Studies, Spain*
IMR: Institute of Marine Research
IOPAN: Institute of Oceanology, Polish Academy of Sciences*
MET: The Norwegian Meteorological Institute
NGU: Geological Survey of Norway
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
Nofima: The Norwegian Institute of Food, Fisheries and Aquaculture Research
NORCE: Norwegian Research Centre AS
Nord: Nord University*
NPI: Norwegian Polar Institute
Salt: Salt Lofoten AS*
SINTEF: The Company for Industrial and Technological Research
UGBG: The University of Gothenburg, Sweden*
UiT: UiT The Arctic University of Norway
UNIS: The University Centre in Svalbard
VET: Norwegian Veterinary Institute
WHOI: Woods Hole Oceanographic Institution, USA*

* Partner institutes not belonging to the Fram Centre
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PROJECT TITLE

FRAM CENTRE LEAD 
INSTITUTE AND  
PARTNERS PROJECT LEADER EMAIL

Herd-Accumulation as a Risk Reducing Strategy – the Regional 
Effects of Climate Change in the Norwegian Reindeer Husbandry

NINA, NIKU Bård Jørgen Bårdsen bjb@nina.no

EcoShift - Scenarios for linking biodiversity, ecosystem  
services and adaptive actions

UiT, NINA Vera Hausner vera.hausner@uit.no

Terrestrial ecosystem-climate interactions of our EMERALD planet NIBIO, NINA, NORCE Ryan Bright ryan.bright@nibio.no

COAT – Climate-ecological Observatory for Arctic Tundra UiT, NPI, NINA, MET Rolf A Ims rolf.ims@uit.no

VANWHITE: The vanishing white: management of stressors 
causing reduction of pale vegetation surfaces in the Arctic  
and the Qinghai-Tibetan Plateau

NINA, UiT, NIKU Jarle Bjerke jarle.bjerke@nina.no

Monitoring geohazards affecting cultural heritage sites at 
Svalbard (GEOCULT)

NIKU, NGU, UNIS Ionut Cristi Nicu ionut.cristi.nicu@niku.no

Reindeer herders’ traditional knowledge of large predators NINA, NIKU, UiT Jennifer Stien jennifer.stien@nina.no

NORTHERN FOREST: A multi-driver framework for near-term 
iterative forecasting of ecosystem states

UiT, MET, NINA, 
NIBIO

Ole Vinstad ole.p.vindstad@uit.no

Tools for information to farmers on grassland yields under 
stressed conditions to support management practices - GrasSAT

NIBIO, NORCE Marit Jorgensen marit.jorgensen@nibio.no

Development of methods for monitoring effect of vegetation on 
active layer depth

UNIS, NPI Simone Lang simonel@unis.no

Gut microbiota greenhouse gas emissions under climate Change 
(GutChange)

NINA, UiT Andre Frainer andre.frainer@nina.no

Changes in lake and river ice cover in West Finnmark: Impacts 
on ecosystem services (IceServices)

NIVA, APN, MET, 
UiT, ICR

NIVA kij@niva.no

High North Consortium for Advancing an Observatory of Aquat-
ic-Terrestrial Ecosystem Coupling

NINA Jane Jepsen jane.jepsen@nini.no

Terrestrial

PROJECT TITLE

FRAM CENTRE LEAD 
INSTITUTE AND  
PARTNERS PROJECT LEADER EMAIL

Plastics and associated pollutants in northern fulmars, a novel 
approach (PLASTFUL)

NPI, APN, NILU, 
Nofima

France Collard france.collard@npolar.no

The Arctic Plastic Lab APN, NILU, NPI, NIVA Claudia Halsband clh@akvaplan.niva.no

The effect of degradation and biofilm formation on the fate and 
ingestion of microplastic fibres in the Arctic (Arctic Fibre)

SINTEF, APN, NILU Lisbet Sørensen lisbet.sorensen@sintef.no

De la Plast - Deuterium labeled polymer standards in advanced 
instrumental methods for detection and quantification of nano- 
and microplastic

NILU, HI Vladimir  Nikiforov van@nilu.no

Arena for knowledge co-production: transport, abundance, 
management and mitigation of marine plastics in the Barents 
Sea (The BARRICADE Workshop) 

MET, IMR Kjersti Oppstad kjerstios@met.no

Plastic in the Arctic
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PROJECT TITLE

FRAM CENTRE LEAD 
INSTITUTE AND  
PARTNERS PROJECT LEADER EMAIL

Effects of parental exposure to petroleum on Atlantic cod embryo-
genesis: a transcriptome approach (PARENTox 2)

UiT, APN, Nofima, 
SINTEF

Jasmine Nahrgang jasmine.m.nahrgang@uit.no

Current and future vulnerability of Arctic-breeding seabirds to 
anthropogenic stressors (SeaStress)

NINA, MET, NPI Arnaud Tarroux arnaud.tarroux@nina.no

A Traditional Ecological Knowledge Database for Planning and 
Impact Assessments (TRACE)

NIKU, UiT Sanne Holmgaard sanne.holmgaard@niku.no

CurBES - Cumulative impacts of the infrastructure associated 
with industrial development on biodiversity and ecosystem 
services

UiT, NINA, Nofima Francisco Murguzur francisco.j.murguzur@uit.no

ArcticStakes - Addressing the sustainability challenges of 
increased industrial growth by advancing stakeholder involve-
ment in science

UiT, NINA, IMR, 
Nofima

Vera Hausner vera.hausner@uit.no

Contrasting molecular and morphological tools to assess eco-
system impacts of aquaculture  (Aqua-Impact)

UiT, APN, NPI Marta Turon marta.turon@uit.no

High North SEAFloor AquacultuRe DEbRis – an assessment with 
advanced visual technologies. (SEAFARER)

IMR, APN Katherine Mary 
Dunlop

katherine.mary.dunlop@hi.no

Toward a sustainable fishery in the North: The impacts of sea-
bird bycatch on the population dynamics of threatened seabirds

NINA, IMR, NPI Signe Dalsgaard signe.dalsgaard@nina.no

ESCE - Ecological Status of Coastal Ecosystems in Northern 
Norway

IMR, NINA, UiT Per Arneberg per.arneberg@hi.no

WINDMARK NIBIO, UiT, VET Gabriela Wagner gabriela.wagner@nibio.no

INvestigating ANthropogenic noise INterference on marine 
mammal’s vocalization in Northern Norway (INANIN)

APN, HI, UiT Luca Tassara luca.tassara@akvaplan.niva.no

MIKON

PROJECT TITLE

FRAM CENTRE LEAD 
INSTITUTE AND  
PARTNERS PROJECT LEADER EMAIL

Mesoscale physical and biogeochemical modeling of the ocean 
and sea-ice in the Arctic Ocean

NPI, IMR Pedro Duarte Pedro.Duarte@npolar.no

Barents Sea harp seals in a changing Arctic IMR, NPI, UiT Kjell Tormod Nilssen kjell.tormod.nilssen@hi.no

Delivering policy-relevant knowledge about past and projected 
change, risk and safety of maritime activities around Svalbard 
(PRISMAS)

UiT, UNIS, MET Maaike Knol maaike.knol@uit.no

Physical drivers of ice algal HOTspots in a changing Arctic Ocean 
(PHOTA) - Towards improved understanding of bio-physical sea 
ice processes using state-of-the-art technologies

NPI, APN, UNIS, UiT Benjamin Lange benjamin.lange@npolar.no

Ice-Free Arctic Ocean: Dead end or new opportunities for biodi-
versity and habitat Expansion (FADE)

UNIS, UiT, NPI Janne Soreide janne.soreide@unis.no

Arctic Ocean
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PROJECT TITLE

FRAM CENTRE LEAD 
INSTITUTE AND  
PARTNERS PROJECT LEADER EMAIL

OA WP1: Ocean acidification state and drivers in Arctic waters  
(OA-State/OA-Drivers)

NPI&IMR, NIVA Agneta Fransson, 
Melissa Chierici

agneta.fransson@npolar.no

OA WP2: Sensitivity of Marine Biota to the Acidification of 
northern waters and its effects on marine ecosystems

IMR&NPI, IOPAN, 
APN, NINA, NIVA

Sam Rastrick, 
Haakon Hop

sam.rastrick@hi.no

OA WP2-1: The effect of OA on gametes and vulnerable  
life stages

NINA&APN&IMR, 
BOS, FSU, UNIS, 
UGBG, IMEDEA

Johanna Järnegren, 
Claudia Halsband, 
Howard Browman

johanna.jarnegren@nina.no

OA WP2-2: 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

NPI&IMR, IOPAN, 
Bangor-U,  
JAMSTEC, NIVA

Haakon Hop, Sam 
Rastrick

haakon.hop@npolar.no

OA WP2-3: Capacity for adaptation in Arctic invertebrates to 
multiple OA drivers (pCO2, salinity and temperature)

IMR&NPI, BOS, 
WHOI

Howard Browman, 
Sam Rastrick

howard.browman@hi.no

OA WP3: UndersTanding and PRedicting the acidification of 
northern waters and its iMpacts on marine ecosystems and 
biogeochemistry (TRUMP)

NIVA&IMR, NPI Philip Wallhead, 
Solfrid Hjøllo

philip.wallhead@niva.no

OA WP4: Risk governance and ocean acidification:  
understanding the role of uncertainty

NIVA, Salt,  
NORCE, ASU

Marianne Karlsson marianne.karlsson@niva.no

Ocean Acidification
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New Fram Centre
Research Programmes
SCIENCE FOR SUSTAINABLE  
GOVERNANCE OF THE ARCTIC OCEAN

Arctic Ocean

PROJECT SUMMARY 
The reduction of the Arctic sea ice extent during recent 
decades is one of the best documented effects of climate 
change. As the Arctic warms and sea ice retreats, previ-
ously inaccessible areas are becoming accessible and new 
economic prospects are being unveiled, paving the way for 
increased commercial activity, which has potential to create 
new economic value for Norway. 

RAPIDLY CHANGING ENVIRONMENTAL CONDITIONS 
The marine ecosystem in the Arctic Ocean is heavily under-
studied, but existing research suggests it is challenged by 
the rapidly changing environmental conditions. Expectations 
of increased human activity create the need for updated 
governance instruments and policies. This requires an  
integrated management approach, for which we need a  
reliable understanding of the newly accessible and soon  
to be accessible regions. Our overarching goals are therefore 
to identify and collect the core observations needed to  
understand the newly accessible marine environment  
and ecosystem, and to synthesize and communicate t 
he knowledge needed to ensure safe and sustainable  
use of these areas.

FOCUS AREAS 
Although the Arctic is warming, it remains an extreme 
environment – cold, dark and ice-covered for much of the 
year, making comprehensive studies extremely challenging. 
We will focus on the area north of Svalbard and Greenland 
where spring and summer research cruises with RV Kronprins 
Haakon are planned by partner institutes. We will add activity 
to these cruises and contribute to the establishment of an 
autonomous Central Arctic observatory consisting of an 
oceanographic mooring and annual deployments of ice- 
tethered drifting platforms that will gather year-round  
observations. This infrastructure will provide key in-situ  
observations needed to enable cost-effective remotely 
sensed and model-based studies that will deliver the 
natural science knowledge needed for effective governance. 
Ultimately, we will produce an integrated assessment of the 
risks to present and future value chains and ecosystem  
services in the study region and communicate the  
management implications to relevant stakeholders. 

Lead Institution Norwegian Polar Institute

Project manager Paul A Dodd

Participation Akvaplan-niva, Institute of Marine Research, Norwegian Meteorological Institute, NILU – Norwegian Institute for Air Research, 
Norwegian Institute for Water Research, NORCE, Norwegian Polar Institute, UiT The Arctic University of Norway,  
The University Centre in Svalbard
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FROM CATCHMENT TO COAST: INTEGRATING CROSS-ECOSYSTEM  
APPROACHES INTO CLIMATE CHANGE RESEARCH AND ECOSYSTEM-BASED  
MANAGEMENT FOR NORTHERN ECOSYSTEMS

Catchment to Coast (C2C)

PROJECT SUMMARY 
Climate change is already affecting all ecosys-
tems across the globe. This is resulting in 
 increased (and more variable) temperature, 
changes in precipitation patterns, and an i 
ncreased frequency of extreme climate events 
(e.g. floods, droughts, storms). Climate change  
impacts terrestrial, freshwater, coastal, and 
marine ecosystems simultaneously, and climate 
effects in one ecosystem may modify or enhance 
effects on adjacent ecosystems (cross-ecosystem 
impacts).

CHANGES 
For example, changes in snow accumulation and 
winter thaw events on land are impacting the 
timing and magnitude of spring snowmelt floods 
along rivers and leading to increased runoff and 
floods during autumn and winter. As a conse-
quence, the flow of carbon and nutrients from 
terrestrial to aquatic ecosystems is impacted and 
can be expected to have a broad range of effects on 
those ecosystems and the services they provide. 
Meanwhile, the current invasion of pink salmon 
in Norwegian rivers is also expected to lead to 
delivery of marine nutrients to freshwater and 
terrestrial ecosystems, as these fish die after 
spawning, leaving their carcasses behind. Taken 
together, climate and land-use change as well as 
other pressures such as changes in species distri-
bution will reshape cross-ecosystem linkages and 

Lead Institution Norwegian Institute for Nature Research and Norwegian Institute for Water Research

Project managers André Frainer (NINA) and Amanda Poste (NIVA)

Participation Akvaplan-niva, Institute of Marine Research, Norwegian Meteorological Institute, NILU – Norwegian Insti-
tute for Air Research, Norwegian Institute for Water Research, NORCE, Norwegian Polar Institute, UiT The 
Arctic University of Norway, The University Centre in Svalbard, Norwegian Institute for Nature Research, 
Norwegian Institute of Bioeconomy Research, Norwegian Institute for Cultural Heritage Research

change the flow of carbon, nutrients and organisms 
between terrestrial, freshwater, and marine eco-
systems. Although ecosystems are intrinsically 
linked, research and management of ecosystems, 
even for adjacent ecosystems, are traditionally 
highly disciplinary and compartmentalized, and 
carried out independently of each other. 

CLOSE LINKS 
Given the close links between climate change 
and other global change impacts on terrestrial, 
freshwater and marine coastal environments, 
there is an increasing need to take interdisci-
plinary cross-ecosystem approaches to studying 
the potential effects of global change on north-
ern ecosystems. In C2C, we take an integrative 
“catchment to coast” approach, bridging across 
ecosystem boundaries by assessing and quantifying 
cross-ecosystem linkages between terrestrial, 
freshwater, and coastal ecosystems. By focusing 
 on linkages that are likely to be particularly 
climate-sensitive, and of high societal relevance, 
and by relying on close cooperation between natural 
and social scientists from several disciplines and 
relevant stakeholders, C2C aims to provide critical 
new knowledge related to: 1) cross-ecosystem 
climate change impacts, and 2) how to best 
integrate relevant cross-ecosystem linkages into 
cohesive (cross-) ecosystem-based management 
approaches.

FRAM CENTRE PROGRAMMES
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CUMULATIVE IMPACT OF MULTIPLE STRESSORS  
IN HIGH NORTH ECOSYSTEMS 

CLEAN
PROJECT SUMMARY 
Project CLEAN addresses the cumulative impact and risk 
associated with multiple stressors in High North ecosys-
tems. The project investigates how climate change, short- 
and long-range transported pollutants, species invasions, 
and human activities, such as harvesting and aquaculture, 
jointly affect ecosystems, including their goods and services. 
Further, CLEAN evaluates the management challenges and 
options for reducing cumulative impact.

FOCUS 
Research activities focus on five case studies, CS1 Pasvik 
river, CS2 Terrestrial and CS3 Coastal areas in Northern  
Norway, CS4 Barents Sea and CS5 Svalbard. The case studies 
are chosen based on socio-economic importance, natural 
value, current ecological knowledge, and relevance to man-
agement processes in Norway. The research activities across 
cases will map human activities and stressors (WP1), assess 
exposure of species including their contaminant load (WP2), 
evaluate sensitivity based on biological knowledge and  
experimental effect studies (WP3), quantify cumulative  
impact on populations, communities and ecosystem goods 
and services (WP4), predict cumulative effects based on 
statistical and process models (WP5), assess vulnerability 
to, and risk to ecosystem and society from multiple stressors 
(WP6), and investigate challenges and options for sustainable 
management of multiple stressors (WP7). The research 
activities will focus on ecological targets and stressors of 
relevance for ecosystems health and management. The popu-
lations and communities considered include plankton, benthos, 
fish, birds and mammals, relying on the best available data 
from ecosystem surveys and long-term monitoring programs.

EFFECTS 
CLEAN will advance understanding of complex causation  
involved in cumulative impact, by addressing direct and 
higher order effects, and synergies between stressors, via 

Lead Institution UiT The Arctic University of Norway

Project manager Raul Primicerio

Participation Akvaplan-niva, Institute of Marine Research, Norwegian Meteorological Institute, NILU – Norwegian Institute for Air Research,  
Norwegian Institute for Water Research, Norwegian Polar Institute, UiT The Arctic University of Norway, The University Centre in Svalbard,  
Norwegian Institute for Nature Research, Norwegian Institute of Bioeconomy Research, Norwegian Institute for Cultural Heritage Research, 
Nofima, SINTEF Ocean

experimental studies, statistical modelling of field data and 
process models. The project relies on novel analytical tools 
and indicators for the assessment and quantification of cu-
mulative impact on populations and communities, covering 
cross-scale biodiversity implications and impact on ecosys-
tem functioning, addressed by integrating traits-based and 
food web approaches. For predictions of ecological impact 
over 5-10 years, relevant to strategic management, CLEAN 
will rely on multiple stressors forecasts and statistical models 
of abundance and distribution of populations and communi-
ties. For scenario-based predictions, considering alternative 
management decisions, and for long term projections, the 
project will rely on process models such as IBM models of 
fish populations and the spatially explicit Ecospace model 
for the Barents Sea food web. Evaluations of ecosystem 
vulnerability and integrated assessments of cumulative risk 
for the five case studies, building on project outcomes, will 
help inform management plans and sustainable solutions. 
Evaluation of management processes across case studies to 
identify challenges and opportunities, and development of 
effective means of communication of scientific findings to 
stakeholders and decision makers, will ensure management 
impact of the project.

KNOWLEDGE 
Overall, project outcomes will advance knowledge and 
understanding of multiple stressors in High North ecosys-
tems, will inform management plans, and will help identify 
sustainable management solutions to multiple stressors. 
Further, the project will help to develop, harmonize and unify  
approaches to multiple stressors research across  
disciplines and ecosystems, and promote capacity building 
within Fram Centre and the Arctic research community, 
thereby contributing to the sustainable management of High 
North ecosystems.

FRAM CENTRE PROGRAMMES
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CUMULATIVE IMPACT OF MULTIPLE STRESSORS  
IN HIGH NORTH ECOSYSTEMS  

CoastShift
PROJECT SUMMARY 
CoastShift will evaluate pathways toward an area-optimal 
sustainable production of more local, healthy food, while 
minimizing the impact on the arctic ecosystem along  
the coast. We do this by studying how existing and new 
Blue-growth combined with agriculture, will create synergies 
between the ocean and land. We investigate how this can 
stimulate to a circular economy where e.g., waste products 
can be reused as domestic food, avoiding pollution that 
damages ecosystems. These developments will be trialled 
against state-of-the-art integrated ecosystem assessments 
evaluating the impacts on ecosystems, biological diversity 
and ecosystem services, and sustainability indicators co- 
developed with Indigenous people and coastal communities 
of northern Norway. We investigate how governance is funda-
mental for facilitating and implementing this green shift, and 
for making decisions that build on the best available science, 
but also for building partnerships and to engage society in 
the implementation of novel solutions. 

BLUE GROWTH AND GREEN SHIFTS 
In this project, we address impacts, synergies and trade-offs 
associated with different scenarios for blue growth and green 
shifts in North Norway. Scenarios will be developed and analyzed 
from different positions to examine sustainable pathways and 
impacts at local levels. The analysis will focus on trade-offs  
and synergies in food production related to sustainable 
development goals, as well as impacts on local communities, 
ecosystems, area use and indigenous (Saami) rights. 

NEW TECHNOLOGIES 
The project will also assess how new technologies and  
practices in North Norwegian coastal food production  
impact area-use and coexistence, sustainability, and the 
move towards a more circular economy and a green shift. 
This will be assessed both at the scale of an individual case 
in one location and wider implementation in North Norway. 
How public policies can regulate and give incentives that 

Lead Institution Institute of Marine Research

Project managers Lis Lindal Jørgensen and Katherine Mary Dunlop

Participation Institute of Marine Research, NILU – Norwegian Institute for Air Research, Norwegian Institute for Water Research, 
 UiT The Arctic University of Norway, The University Centre in Svalbard, Norwegian Institute for Nature Research,  
Norwegian Institute of Bioeconomy Research, Nofima, SINTEF, Akvaplan-niva

maximize the benefits of these solutions and their 
implementation will also be investigated.

HUMAN ACTIVITIES 
The project will conduct a comprehensive assessment of 
 the risks from cumulative impacts of human activities on 
the marine and terrestrial coastal ecosystems, including 
important ecosystem services. Based on the scenarios and 
the evaluation of new sustainable solutions and practices in 
the food industries, we will use the assessment to explore how 
different blue-green scenarios could modify area use, ecosystem 
risks, and pressure on ecosystem services, as well as trade-offs 
and synergies between the blue growth and green shift  
objectives. 

SCIENCE–POLICY INTERFACE 
The governing of coastal areas and food-producing sectors 
such as agriculture, aquaculture and fisheries, relies heavily 
on scientific advice. The ecosystem assessments, and analysis 
of new solutions and practices for food production in coastal 
areas, will form the basis for an assessment of the science–
policy interface in coastal zone governance. This way the project 
will assess how new scientific knowledge is handled in the 
existing governance system and how it can contribute to blue 
growth and green shift in food production in the coastal zone.

TOOLBOX 
In light of the current change of coastal areas, sustainability 
assessments are needed as decision support tools to guide 
sustainable development, including the UN 2030 sustainable 
development goals. We will develop an inclusive, transparent 
and flexible sustainability toolbox based on co-developed sus-
tainability indicators and goals. The indicators will be available 
on the municipality level and will include indicators of local and 
Indigenous (Saami) participation in development of indicators. 
The toolbox will be used to co-develop a novel ex-ante  
sustainability assessment, specifically addressing the impacts 
of different scenarios of blue growth and green transition.

FRAM CENTRE PROGRAMMES
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LINKING SCIENTIFIC AND SÁMI TRADITIONAL ECOLOGICAL KNOWLEDGE  
TO ENSURE THE SUSTAINABILITY OF THE TANA SALMON AND SÁMI CULTURE 

Tana River

PROJECT SUMMARY 
Less than 25 years ago the river Tana supported the largest 
wild Atlantic salmon stock in the world and was of particular 
importance to the Sámi people. The catches had decreased 
drastically from 250 tons in 2001 to 35 tons in 2020, resulting 
in a fishing closure in 2021. Scientists have pointed to over-
exploitation as the leading cause of salmon decline. At the 
same time, Sámi and local fishers claim that an increase in 
riverine predation pressure has caused the stock collapse.

In the vicinity of the Tana river, several small- and middle- 
sized rivers are exploited only by sportfishing, showing no 
significant declines in salmon stock abundances. The salmon 
fishery in these rivers is rod-based only, while traditional 
gillnet-based methods (weirs, nets and driftnets) represent 
a significant part of the local fishery in Tana. In addition, 
on the Finnish side, there are several groups with inherited 
rights. The overall diversity of groups and interests adds to 
the management complexity and underlines the challenges 
involved in sustainably managing the Tana salmon resource.

The management of Tana represents a nested hierarchy  
with Norway and Finland at the top and a sub-division 
 of several official and informal units such as counties,  
municipalities and settlements. Additionally, several  
competing interests consisting of e.g., ethnicity (Sámis 
vs Norwegians and Finns) and different types of fisheries 
(e.g., locals vs tourists), makes the Tana river a complex 
socio-ecological system where management failures can 
stem from the lack of full integration of social considerations 
in resource management plans. Comparative evidence has 
shown that a lack of coordination may lead to the non- 
sustainable use of common-pool resources such as salm-
on in Tana. The level of trust between local stakeholders, 
researchers and managers has plummeted to the point that 

Lead Institution Norwegian Institute for Nature Research

Project manager Martin-A Svenning

Participation Norwegian Institute for Nature Research, Norwegian Institute for Cultural Heritage Research, UiT The Arctic University of Norway

the local stakeholders have stopped participating in the 
ongoing management processes that aim to establish  
criteria and principles for reopening the salmon fishery. Thus, 
there is an urgent need to develop an adaptive co-manage-
ment protocol that ensures ecologic, economic and cultural 
sustainability of the Tana river as a socio-ecological system. 
Tana has a limited geographical extent and consists of few 
stakeholders and interest groups. Yet, the Tana socio-ecological 
system is an essential resource for culture and livelihood 
in the Arctic and contributes to making the management of 
salmon a contentious issue. Nonetheless, Tana’s complexity, 
differences in opinions and conflicting user interests make it 
an ideal model for studying common-pool resource systems 
in general. The knowledge acquired through studies in Tana 
has enormous potential for understanding and thus also 
solving problems in other more unmanageable systems such 
as, e.g., international fisheries.

Management measures introduced to conserve Atlantic 
salmon usually include specific biological objectives such as 
maintaining conservation spawning requirements. However, 
modern conservation principles recognize that Indigenous 
and Local Knowledge (ILK) can benefit existing conservation 
policies and practices. This project includes ILK in ecological 
research and management to improve the conservation pros-
pects for one of the world’s largest Atlantic salmon rivers. 
Inclusion of ILK requires establishing a protocol for adaptive 
co-management that integrates Sámi and local knowledge 
with scientific knowledge. Such a protocol should provide 
a multi-objective decision-making tool bridging knowledge 
systems and contrasting beliefs to ensure the sustainability 
of the Tana salmon and the Sámi culture in a period of  
profound anthropogenic impacts.

FRAM CENTRE PROGRAMMES
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