


The Centre for Ecological and Evolutionary Synthesis (CEES)
combines a broad spectrum of disciplines (such as population
biology, statistical and mathematical modelling, and genomics) °
to foster the concept of ecology as a driving force of evolution
via selective processes, with a corresponding influence of
“evolutionary changes on ecology.
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CEES IN BRIEF

In 2016, CEES consisted of 189 members (including Core staff, postdocs and
researchers, PhDs, research assistants, technical and administrative staff, and
Master’s students). In addition, 24 guests stayed for more than one month, and
29 guests for less than one month. The members represented 25 nationalities
and the guests 22 nationalities (a total of 34 unique nationalities). The centre
has a core group of 16 employees (not counting the Chair and Deputy Chair);
two are employed by the Department of Mathematics and one by the Institute
of Marine Research. CEES is chaired by Professor Nils Chr. Stenseth.

CEES supervised 44 Master’s and 35 PhD students in 2016, and CEES permanent
scientific staff was also involved in the teaching of 11 PhD/Master’s courses and
13 Bachelor’s courses. 8 new PhD students were employed, and 3 PhD students
and 17 Master’s students completed their degrees. The CEES Student Confer-
ence was held at Holmen Fjordhotell with 139 delegates.

Approximately 88 MNOK of the total budget of 1770 MNOK came from the 53
externally funded research projects conducted by CEES in 2016. Most of these
were funded through the Research Council of Norway. CEES is also involved in
various EU-funded projects. 18 new projects were started.

CEES members published 151 articles in peer-reviewed journals and 12 books/
book chapters/reports in 2016. The majority of these results lie within the core
scope of CEES. 187 talks at conferences were conducted. The centre hosted 31
guest speakers, primarily from abroad.

The work of CEES is structured into Colloquia and Themes, the former being fo-
cussed projects each lasting for three years and the latter consisting of ongoing,
long-term work that is accommodated within the centre. The Themes are Theme
1: The role of population structuring in adaptive evolution. Theme 2: The poten-
tial for adaptation. Theme 3: The evolution of reproductive isolation. The topics
of the Colloquia are as follows: Colloquium 1: Selection and evolvability: Concepts,
measurements and statistics. Colloquium 2: Bridging the gap between genomics
and evolutionary biology. Colloquium 3: The ecology and evolution of infectious
diseases with an environmental reservoir. Colloquium 4: Integration of ecology
and evolution: A synthesis.
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1 THE CHAIR'S COMMENTS

Chair Nils Chr. Stenseth. © Eva C. Simensen.

Beyond 2017 - optimism for the future of CEES

Given the level of productivity and success that we have
achieved over the years, as documented in this and pre-
vious reports, it is difficult to come to terms with the fact
that our Centre of Excellence (CoE) is nearing its planned
conclusion in the autumn of 2017. It is obvious that we
ought to capitalise on our success and continue as a re-
search and training centre, as pointed out by both the
Board and the Scientific Advisory Board (SAB) (see pages
11-14). Indeed, in 2003, when the Centre of Excellence
programme was first established by the Research Coun-
cil of Norway (RCN) and the Norwegian Government,
the aim was to create centres that had clear visions be-
yond the CoE-funding period. Our aim is to continue as
a centre, maintaining the excellent infrastructure and
management that we have in place (an administrative
staff that serves our scientists - both students and fac-
ulty), and benefitting from the CEES trademark which
is recognised both nationally and internationally. I am
convinced that both the department as well as the entire
university will benefit from our continued existence.

A department can obviously not “absorb” the entire
CEES. We hope that a few positions within the focal ar-
eas of CEES will be advertised in the very near future.

However, we are already happy to announce that one of
our young researchers, Sanne Boessenkool, was offered
and accepted a permanent position at the department.
This will be of great importance for the scientific activity
in the ancient DNA lab, to say the least. We are further-
more happy that major parties in the Norwegian Parlia-
ment (the Conservative Party and the Labour Party) have
both included in their respective party programmes a
mechanism for continuing some of the more successful
CoEs - a category we hope CEES will be included in. It
remains to be seen though whether these political dec-
larations materialise in financial allocations. I personally
remain optimistic.

We are always working towards cooperating with the
best international partners. I would in particular like to
mention our cooperation - announced on Darwin Day,
12 February 2016 - with the newly established Milner
Centre for Evolution based at the University of Bath.
The Milner Centre for Evolution was made possible by
a generous donation from Bath alumnus, Dr. Jonathan
Milner. Its focus is on studying some of the fundamental
evolutionary questions which still persist in biology, and
using this insight to find new technological and clinical
research applications. By joining forces, we aim to pro-
mote international excellence in collaborative research
which will lead to important breakthroughs, in particu-
lar in applied healthcare.

New projects secured in 2016

In 2016, we secured several new prestigious projects,
covering a broad range of research interests. What fol-
lows is a taste of the exciting research to come:

REPEAT (Evolutionary and functional importance of
simple repeats in the genome)

This project will test the hypothesis that hypervariable
coding/regulatory repeats promote the ability of a spe-
cies or population to adapt to a changing environment.




Research will be carried out using Atlantic cod and Arabi-
dopsis as model systems. Other organisms will be looked
at as well, as representatives of the various branches in
the tree of life. A key aspect of the project is that it is
cross-disciplinary in nature, using genomics, bioinfor-
matics, statistics, and experimental approaches. Kjetill
S. Jakobsen is the project leader for REPEAT, which is
funded by the RCN through the FRIPRO Toppforsk pro-
gramme for selected frontier research projects.

Abiota, Biota, Constraints in Macroevolutionary Processes
The aim of this project is to bridge the gap between macro-
evolution and microevolution. In the process, it might chal-
lenge the viewpoint that the generation and maintenance
of new morphologies over large timescales arise from the
culmination of many smaller changes on shorter genera-
tional timescales. In order to accomplish this, the project
will study bryozoans, at both the macro- and microevolu-
tionary levels, in both living and fossil species. This project
is led by Lee Hsiang Liow, and is funded by a European
Research Council (ERC) Consolidator Grant.

MOLBAR (The molecular basis of postzygotic hybridiza-
tion barriers in plants)

This project will study the postzygotic reproductive bar-
riers that arise when two plant species cross to form hy-
brid offspring. In particular, embryo and endosperm de-
velopment in seeds resulting from these crosses will be
investigated and related to genomic imprinting and un-
derlying gene networks. The project aims to determine
whether reproductive barriers are the same 1) in differ-
ent plant genera, 2) between species pairs which have
been separated over long evolutionary time and species
pairs that have originated recently, and 3) between spe-
cies pairs having the same number of chromosomes and
species pairs with unequal number of chromosomes. To
do so, wild populations of Arabidopsis and Draba will be
used. Anne K. Brysting is the project leader for MOLBAR,
which is funded by the RCN through the FRIMEDBIO
programme.

Catching the Past

The aim of this project is to uncover long-term anthropo-
genic impacts on harvested fish populations, and to see
if evolutionary changes are driven by the impacts on the
ecology of these populations. Specifically, it will investi-
gate whether the intensive historical exploitation of At-
lantic cod has resulted in demographic and selective im-
pacts on the species. To do so, state-of-the-art genomic
tools will be used to analyse ancient DNA from Atlantic
cod bones uncovered at archaeological sites in the North
Atlantic - bones which are up to g ooo years old. This
project will be led by Bastiaan Star, and is funded by the
RCN through the FRIMEDBIO programme for Young Re-
search Talents.

NEOPOLL (Effects of Neonicotinoids and Temperature on
Crops Pollination)

This project will investigate how pesticide application
leads to exposure and accumulation in important polli-
nators, and how this might affect the ecosystem service
they provide. The effect of Current Use Pesticides (CUPs)
on wild species, such as bumblebees, will be looked at.
In particular, the widely used pesticide thiamethoxam, a
neonicotinoid, will be studied to determine its effects on
behaviour and population (colony) development of the
buff-tailed bumblebee, Bombus terrestris. Anders Nielsen
is the project leader for NEOPOLL, which is funded by
the RCN through the MILJOFORSK programme.

MICRO-MACRO EVOLUTION (Drivers of evolutionary
change: understanding stasis and non-stasis through in-
tegration of micro- and macroevolution)

The project will investigate whether - and how - mac-
roevolution can be fully understood as a result of micro-
evolutionary processes. The aim will be to bring ecology
and evolution closer together by advancing and integrat-
ing two different mathematical modelling frameworks:
1) population/species-based evolutionary modelling, and
2) community-based evolutionary modelling. Focus will
be placed on two key aspects: stasis (and non-stasis) in
macroevolution, and the relationship between evolution-
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1 THE CHAIR’'S COMMENTS

ary change and biotic and abiotic drivers of evolution. I
am the project leader, and funding comes from the RCN
through the FRIMEDBIO programme.

Current scientific research - patience and persistence

I am pleased to see that the scientific community of CEES
continues to produce high impact research in top-tier
journals. Some of the exciting research that we pub-
lished in 2016 is highlighted in our section on scientific
activity (starting on page 15). In addition, it is worth not-
ing the progress being made within our colloquia.

Two colloquia are currently running - Colloquium 3 (Ecol-
ogy and evolution of infectious diseases) and Colloquium
4 (Integration of ecology and evolution). Within the um-
brella of Colloquium 3 we are actively carrying out field-,
lab and theoretical work.

We continue our work on plague, anthrax and Lyme dis-
ease, within the framework of Colloquium 3. A proposal
for a new CoE on infectious vector-borne diseases with
an environmental reservoir, headed by Atle Mysterud,
was submitted to the last CoE-call. The proposal made it
all the way to the second stage of consideration by the
RCN. Although it was ultimately not funded, I am happy
to observe that Atle Mysterud did a fantastic job in or-
ganising and promoting it. As such he is better prepared
for the next call, four years from now. Patience and per-
sistence often pay off; it's good to remember that CEES
did not receive funding the first time we submitted our
CoE proposal - but we did receive funding the second
time around.

Our collaboration with our Chinese counterparts on
plague research continues, involving experimental work
both in the field and the laboratory, in order to under-
stand both the evolution of virulence and the possible
evolutionary effects of climate change.

Our name includes the word “synthesis”, and the syn-
thesis of ecology and evolution is the main focus of Col-
loquium 4. We are progressing with this nicely. The work

being done on bryozoans is already yielding interesting
results, published in Proc. R. Soc. B. (Liow et al. 2016). I
look forward to following further research develop-
ments in this field.

In addition, our work on the Red Queen co-evolutionary
theory is connected to our work on synthesis. The overall
question addressed is under what circumstances evolu-
tion will continue, or cease, under constant abiotic con-
ditions. Closely linked to this topic is the phenomenon of
stasis, which Kjetill L. Voje has published on (2016 Evo-
lution). We continue to make strides in our research on
the Red Queen theory, together with Professor Jan Nord-
botten from the University of Bergen - a mathematician
working on differential equations with evolution of the
structure of the system (i.e., coupling ecology and evolu-
tion). This research has sparked several developments,
including collaborative work with Eors Szathmary from
E6tvos Lorand University in Budapest, and Simon Levin
from Princeton University. I'm particularly pleased to
see that our work on multispecies communities in PNAS
(Nordbotten & Stenseth 2016) has been favourably dis-
cussed by Eors Szathmary and colleagues in Grand Views
of Evolution (de Vladar et al. 2016).

To underscore our progress on the topic of synthesis, we
are currently working on a book on the subject of how
to bring together ecological and evolutionary thinking.
In this book we will report on the work that we have
done within CEES towards bridging ecology and evolu-
tion, as well as have external colleagues contribute indi-
vidual chapters. When finished, this book will definitely
constitute an important part of our legacy. We are also
working on a major review paper with both internal and
external contributors on the relative importance of abi-
otic and biotic drivers of evolution.

Success in both quantity and quality

Having assessed the progress that CEES has made during
2016, I am pleased to see that we have maintained a high
level of activity within the Department of Biosciences.
We continue to excel with regards to our scientific out-




put, with publication in such journals as PNAS, Nature
Communications, and Nature Genetics. In addition, we con-
tribute sizably towards the non-technical communica-
tion of both evolutionary biology and science in general.
During 2016, we published 152 peer-reviewed articles in
established journals, and kept up our strong public pres-
ence both online and through the media. Additionally,
we secured a sizable amount of external funding, total-
ling 170 MNOK (divided over 53 projects).

Our community continues to evolve. In 2016, we had 189
members - 16 core members (not counting the Chair),
58 postdocs/researchers, 35 PhD students, 16 Research
Assistants, 44 Master’s students, and nine technicians.
A total of ten people, some of them on a part-time ba-
sis, have contributed to the administration of CEES. Our
family is diverse (when including our guests, we had 35
nationalities represented in 2016), young and dynamic
(the median age of our members, not including the Mas-
ter's students, was 37). We are proud of the young re-
searchers that we have educated - in 2016, 17 Master’s
students and three PhD students graduated from CEES.

Congratulations to our award recipients. Several of our
members achieved prominent awards and member-
ships in 2016, and I would like to take this opportunity
to highlight a few of the more recent ones. Lee Hsiang
Liow, together with her UC Berkeley collaborator, Seth
Finnegan, was awarded the Peder Sather Grant for the
proposal “Dissecting the timing, ecological signature,
and environmental context of the largest biodiversifica-
tion in Earth history”. Franziska Franeck, a PhD student
at CEES, received a National Geographic Young Explorers
Grant to carry out fieldwork on changes in biodiversity
in Early to Middle Ordovician sedimentary successions
on Svalbard. Leonie Fiarber, a PhD student connected to
our MARmaED project, was awarded an Early Career
Scientist Award for Best Poster from the International
Council for the Exploration of the Sea (ICES), presented
at the Annual Science Conference in Riga, Latvia.

In addition, two awards from 2015 were regrettably, and
unintentionally, omitted from the previous report: Nanna
W. Steen received the Frode Olsgards Memorial Prize,

honouring her years-long work within health, safety and
the environment (HSE). The award ceremony took place
on 13 March 2015. Also, Jo Skeie Hermansen received
the King's Gold Medal for his doctoral dissertation
on speciation by hybridisation in Passer sparrows.
The award ceremony took place on 2 September 2015.
Congratulations to all of you!

Giving credit where credit is due

Thanks. [ would like to thank Sissel Jentoft for her excel-
lent work as Deputy Chair, helping me make CEES an
exciting hub for the merger of ecology, classical evolu-
tionary biology, and genomics. Anne K. Brysting receives
thanks for being a valuable link to the department man-
agement. Anders Nielsen and colleagues did an excel-
lent job organising the 3™ Conference of the Norwegian
Ecological Society (NOF) at UiO. Special thanks go to the
many organisers of the Late Lunch Talks, various journal
clubs, and all sports and social activities. I'd like to thank
all members of CEES: the scientific staff for doing great
science, and the administrative and technical staff for
making it possible to do so.

As I have said in previous years: Excellence starts with
people - without talented people grant money is of lit-
tle use. At CEES, we have both talented people and ex-
cellent funding sources. To all members of CEES - your
contributions make our centre such a stimulating place
to work at, both intellectually and socially.

Thanks!




2 MANAGEMENT AND ADMINISTRATION

CEES is established as a Centre of Excellence (CoE) by
the Research Council of Norway (RCN). It is hosted by
the Department of Biosciences (IBV) under the Faculty of
Mathematics and Natural Sciences at the University of
Oslo (Ui0). The research at IBV is divided into five sec-
tions, of which CEES is the largest. RCN and UiO are the
main financial contributors and constitute the final re-
porting entities that define the guidelines under which
the centre operates.

Administrative structure

The centre is run on a daily basis by the Chair, the Dep-
uty Chair and the CEES administrative team. The Chair
and Deputy Chair communicate on a daily basis regard-
ing scientific progress within the centre. Management
and strategic issues are dealt with at weekly meetings. In
order to facilitate the running of CEES, and to provide a
good cooperative relationship with its host, IBV, weekly

meetings are conducted where the Head of Department,
the Head of Administration at the Department, repre-
sentatives from the economy section and HSE, and a
representative from the CEES administrative team are all
present. The CEES administrative team is responsible for
the daily running of the centre. This includes managing
the budget and accounting, coordinating funding pro-
posals and reporting (RCN, EU and other), employment,
and ensuring that guest researchers are well received
and enjoy their stay. It also includes implementing ar-
rangements like weekly seminars, conferences, work-
shops and public lectures, maintenance of the website,
and contact with the media. The administrative team
also organises and takes minutes at all Core, Board, and
SAB meetings. Most of the general correspondence with
the university, the department, RCN, and the media goes
through the CEES administration. In addition, the CEES
Lab Board is responsible for the running of the laborato-
ries, and arranges a mandatory introductory course for
new users.

Chair Nils Chr. Stenseth, Professor

Deputy Chair

Sissel Jentoft, Researcher and Project Coordinator

Administrative team

Gry Gundersen, Senior Adviser

Kari B. Rygg, Senior Adviser

Delphine C. Nicolas, Adviser (until August 2016)
Tore Wallem, Adviser

Ane Mari Bjornaes, Higher Executive Officer
Jenny Hewitt Tokstad, Higher Executive Officer

Lab Board

Anne K. Brysting, Professor, Leader of the Lab Board
Kjetill S. Jakobsen, Professor

Cecilie Mathiesen, Head Engineer

Nanna W. Steen, Head Engineer

Ave Tooming-Klunderud, Senior Engineer

Administrative Leader of Fieldwork Resources

Atle Mysterud, Professor




The Board and the Scientific Advisory Board

The CEES Board is an administrative body that meets approximately twice a year to focus on strategic and control func-
tions as well as approving budgets, accounts and annual reports.

The Board in 2016 Home institution

Chair

Knut Liestgl ‘ Head of the Department for Informatics, University of Oslo, Norway
Members

Rolf A. Ims Department of Arctic and Marine Biology, University of Tromsg, Norway

Finn-Eirik Johansen

Chair of the Department of Biosciences, University of Oslo, Norway

Hanne C. Winther-Larsen

School of Pharmacy, and Centre for Integrative Microbial Evolution (CIME), University of Oslo, Norway

Bernt Oksendal

Centre of Mathematics for Applications, Department of Mathematics, University of Oslo, Norway

Comments by the Board Chair: Knut Liestol

The CEES Board met twice

in 2016, on 17 March and on

20 October. The agendas in-

cluded discussions of budgets;

reports on economy, applica-

tions and funding; and stra-
tegic issues, with emphasis on the continuation of core
CEES activities past 2017.

The centre’s economy is well-managed, and the budget
indicates a satisfactory economy and a high activity level
in the remaining year. Nevertheless, continued work on
securing new funding is vital to keep up the high ac-
tivity level past 2017. Thus, the board is pleased by the
continued focus on applications. In 2016, a total of about
45 applications were sent to the EU/European Research
Council (ERC), the Research Council of Norway (RCN),
and other funding agencies.

An impressive list of foreign guests visited and worked
at the centre. Additionally, events like the Darwin Day
and Kristine Bonnevie Lectures were well organised and
very well attended. In general, CEES’ high activity level
was maintained in 2016 through seminars, workshops,
conferences and other scientific meetings.

The Scientific Advisory Board (SAB) states in its 2016 re-
port that “exciting research is being done at CEES, and
that the Centre has been an outstanding success in all
key metrics”. Moreover, the SAB notes that the “devel-
opment of a cohesive, supportive and well-resourced
research environment has clearly attracted a wealth of
talent and led to a melting-pot of imaginative ideas and
research questions”. Given these statements, the press-
ing strategic issue is to ensure the continuation of core
CEES activities past 2017.

While today's research funding system includes sev-
eral options for project funding, obtaining resources for
the continuation and management of “a melting-pot of
imaginative ideas and research questions” is unfortu-
nately much more challenging. Accordingly, the board
fully supports efforts aimed at generally creating new
opportunities for the long-term funding of extraordi-
narily successful research milieus, and specific actions
to ensure the further development of the already out-
standing achievements in the CEES environment.

The board wants to thank all members of the CEES sci-
entific staff and management team for their dedicated
work, and congratulate them with another very success-
ful year.




2 MANAGEMENT AND ADMINISTRATION

The CEES Scientific Advisory Board (SAB) has been appointed by the CEES Board. The SAB holds an annual meeting,
and provides invaluable feedback on the research carried out at CEES. In 2016, the SAB meeting was held at the

University of Oslo 5-6 September.

The Scientific Advisory Board

Specialisation and home institution

Chair

Rita R. Colwell Microbiologist, University of Maryland, USA
Members

Tim Coulson Population Biologist, Imperial College, London, UK
Edward J. Feil Microbiologist, University of Bath, UK

Olivier Gimenez

Biostatistician, Center for Functional and Evolutionary Ecology (CEFE), France

Barbara Mable

Evolutionary Biologist, University of Glasgow, UK

Anne Magurran

Behavioural Ecologist, University of St. Andrews, UK

Gordon H. Orians (Corresponding member)

Evolutionary Biologist, University of Washington, Seattle, USA

Comments by the Scientific Advisory Board Chair: Rita R. Colwell

The Scientific Advisory Board

(SAB) of the Centre for Ecologi-
cal and Evolutionary Synthesis (CEES), a national Centre
of Excellence (CoE), met on 5-6 September, 2016, at the
University of Oslo. The SAB is, as ever, very grateful to
Nils Chr. Stenseth and his administrative team for or-
ganising a highly productive and informative meeting.
A full schedule of talks arranged for the SAB included a
summary of key CEES findings from the previous twelve
months, details of grants for research and networks
awarded and pending, and a broad range of research
summaries. It is clear from this meeting, as well as those
of previous years, that exciting research is being done
at CEES, and that the centre has been an outstanding
success in relation to all key metrics. It was particularly

impressive to see a marked increase in the number of
publications in the very best journals (Nature, PNAS, Sci-
ence), as well as continued success in securing signifi-
cant external funding.

The development of a cohesive, supportive and well-
resourced research environment has clearly attracted a
wealth of talent and led to a melting pot of imaginative
ideas and research questions. Given that only one year
remains of core CoE-funding, CEES is now faced with
two major challenges. The first of these is essentially
logistical, and relates to the administrative structure of
CEES and its relationship with the rest of the department
(and faculty) going forward, once the core CoE funding
ends in September, 2017.




Maintaining its administrative structure

It is the SAB’s view that one of the reasons for the suc-
cess of CEES is that it has had a dedicated administrative
team that provides direct and specialised support con-
nected to: grant writing and submission, post-grant ad-
ministration, and maintenance of a cohesive community
of researchers (including a large number of short- and
long-term visitors) at all levels through social activities
and workshops, in addition to finance and human re-
sources.

The spirit of collaboration and the interdisciplinary na-
ture of research at CEES both drive the unique and vi-
brant discovery environment that has been nurtured so
productively over the last few years. The SAB believes it
is important to protect the infrastructure (the excellent
administrative team, the sequencing facilities, and the
DNA laboratory) that facilitated this environment. The
SAB had useful discussions with the Dean of the Faculty
of Mathematics and Natural Sciences and the Head of
the Department of Biosciences on the full cognisance of
the inevitable conflict in priorities that arises in such cir-
cumstances. It is quite clear to the SAB that the success
of CEES has been wholly reliant on a robust and efficient
administrative structure and that, ultimately, the contin-
ued success of CEES will benefit the department, faculty,
University of Oslo, and even Norwegian science in gen-
eral. The CEES “brand” can be exploited to continue to
attract research funding and the best international tal-
ent. This can only occur if the dedicated team of support
staff is allowed to continue its administrative tasks as an
integral part of CEES, rather than having those tasks fall
on the academics. It is the experience of the SAB inter-
nationally that when administration is centralised, the
heavier burden falls on the academics, reducing time
and energy for research, with an inevitable fall in overall
productivity.

Blazing a trail towards a new synthesis
The second challenge is more conceptual, and almost

certainly even more difficult. This relates to how CEES
will build on its brand in order to blaze a trail towards a

new synthesis, so that the essence of CEES will continue
- not just as a great place to do science, but as an out-
standing way to do science.

The excellent review of ongoing activities in a series of
“speed talks” provided by staff scientists on their scien-
tific research gave a broad picture of the research that
is underway. The SAB was particularly impressed with
the quality of work on ancient DNA recovery and anal-
ysis, notably the findings from analysis of ancient fish
bones (as one example), providing insight into the Viking
age origin of the Norwegian cod fishery. This capacity
in genomics, as well as the tools of this new and bur-
geoning field, built by CEES, must be preserved. These
constitute a very rich resource for the University of Oslo
and should not be lost. The research conducted by CEES
scientists provides useful information towards sustain-
able management in today’s changing world. Examples
of such explored areas include the palaeogenomics of
domestic animals, and the relationship between climate
change (environmental changes) and harvested ecosys-
tems.

The SAB is impressed with the large number of high qual-
ity, high impact manuscripts being published. Clearly
the CEES team manifests a strong initiative and drive to
excellence in its prolific publication. There is a risk, how-
ever, of too many directions of research being followed,
and the SAB therefore recommends that CEES maintains
focus on its unique, scientific strengths. Nevertheless, it
should be emphasised that the CEES scientists are asking
the right questions, questions that are large in scope, and
seeking answers to these questions with new, powerful
analytic tools.

The core of CEES is based on the challenge of successful-
ly integrating ecology and evolution, thereby uncovering
relationships that would not have been discovered if the
focus had been on these two disciplines separately. The
work on emerging diseases represents a good example
of this synthesis, but it is important to highlight how a
focus on the intersection between ecology and evolution
leads to new general principles for other areas as well
(sparrows, cod, ancient DNA). The SAB strongly believes
that CEES is uniquely positioned to elucidate the many
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ways in which evolutionary change is rooted in evolu-
tionary principles, and, as a result, to influence many
other fields of science.

Success breeds success - tools for further dissemination

The SAB addressed the need for an exit strategy beyond
2017. CEES clearly has become internationally recog-
nised as a scientific unit, and visibly so. Using genomics
as a tool and working closely with classical biologists is
a commendable and successful strategy. However, the
SAB strongly recommends a greater communication of
the findings of CEES scientists. Their findings should
be communicated beyond the scientific community, ex-
panding the audience to the public in general. The SAB
recommends that a major symposium be held annually
or biannually in Oslo to highlight the knowledge gained
on diseases with an environmental origin, and on the
integration of ecology, evolution, and genomics. This
would be a valuable contribution to global science, and
would offer a mechanism for the dissemination of work
done at CEES. A suitable name for such a symposium
could be “The Oslo Symposium on Ecology, Evolution,
and Genomics”. This would become a lasting trademark
for the University of Oslo.

In addition, a scientific equivalent of the Dahlem work-
shop could possibly achieve global dialogue and produce
useful documents that are focussed on the synthesis
of ecology and evolution. The title of such a workshop
could be “The CEES Workshop on Integration of Ecology
and Evolution”. A Dahlem-type workshop was indeed
recently organised by CEES, and a publication from that
endeavour is currently under preparation (tentative title:
“Biotic drivers of macroevolution”). Perhaps infectious
diseases would be a logical theme for the next workshop.

The immediate task for CEES is to work on outward fac-
ing and branding, in order to protect and expand its suc-
cess. The tools of today’s communication - an up-to-date
blog, tweeting new papers as published, listing collabo-
rators on its website, etc. - are important to communi-
cate the success of CEES in today’s world.

Time should be dedicated to define how to continue this
extraordinary enterprise, during the closing year of core
CoE funding to CEES. The challenge is to define a core
set of characteristics that comprise the essence of CEES,
and to ensure that they continue. Much has been gained
and much has been learned. It takes a firebrand to start
such an initiative, as Nils Chr. Stenseth has done. Now
the University of Oslo has the opportunity to build on
this successful initiative.

What the future holds

Clearly, we should take a lesson from Charles Darwin;
he was just as concerned with ecology as with evolution.
His writings provide an intellectual basis that argues for
the continuation of CEES, to ensure its funding beyond
the inaugural ten-year timeframe in order to provide im-
petus and a spirit of discovery.

In summary, the SAB strongly believes that the Univer-
sity of Oslo should embrace CEES as an outstanding suc-
cess and seek further development of what has already
been achieved. The publication rate is high and the young
staff scientists are increasingly publishing their results
in top journals. An infrastructure has been created and
it should not be lost. The University of Oslo stands to
gain immeasurably in retaining the success of CEES in
recruiting outstanding faculty, and has an opportunity
to capitalise on the teaching and research, incorporating
it into its life science initiative.

Written by Rita R. Colwell, SAB chair, and SAB members:
Tim Coulson, Edward Feil, Anne Magurran, Gordon Ori-
ans, and Barbara Mable.
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“Bridging the gaps” has become a trademark of CEES -
fitting very well with our overall aim of bringing ecologi-
cal and evolutionary thinking closer together. CEES has
been successful in getting classically trained, organis-
mic-oriented scientists (focussing on both ecological and
evolutionary processes) to work together with genom-
ics-oriented scientists. That in itself is an achievement
we are very proud of, and we consider it a major accom-
plishment. To a large extent it has been made possible by
the work within Colloquium 2 (“Bridging the gap between
genomics and evolutionary biology”) and the subsequent
work building upon that colloquium. Our work on the
ecology and evolution of cod populations and on the
hybrid speciation in sparrows - both part of Colloquium
2 - are prime examples of the integration of ecological
and evolutionary thinking. Another such example is the

work that we are conducting on plague. This is part of
Colloquium 3 (“The ecology and evolution of infectious
diseases within an environmental reservoir”). Much ex-
citing synthesis work is currently taking place in that
colloquium. Our ancient DNA laboratory certainly facili-
tates this work. Colloquium 4 (“Integration of ecology and
evolution”) is the final colloquium of CEES, within which
the synthesis work is to be concluded. Within this col-
loquium we are bringing together paleobiological work,
experimental microbial work, and theoretical work. The
synthesis work within this colloquium has received ad-
ditional external funding, greatly facilitating it. Few if
any other research groups cover such a broad range of
competence in the quest to understand how evolution-
ary and ecological processes are mutually interwoven
and lead to macroevolutionary dynamics.

Coll. I: Selection and
evolvability: concepts,
measurements and statistics

Coll. 2: Bridging the gap between
genomics and evolutionary biology

Coll. 3: The ecology and evolution of infectious
diseases within an environmental reservoir

Coll. 4: Integration of ecology and
evolution: a synthesis

The vesearch at CEES is organised around three intertwined Themes and four multidisciplinary Colloquia. Each
colloquium has a limited number of years for the main activity, and together they span the 10-year CoE period.




Scientific highlights
2007-2016

At CEES, scientists operate at the cutting edge of re-
search, as indicated by our track record of publications
in top peer-reviewed journals. Our scientific highlights
span the years from 2007 to 2016, and cover all research
fields that we are actively engaged in. We mention just a
few of these highlights below.

Our sequencing of the cod genome, published in Nature
(Star et al. 2011), revealed that the Atlantic cod has lost
genes essential for the functioning of the major histo-
compatibility complex (MHC) class II pathway (one of
the pathways involved in combatting infections). The
loss of MHC 1II occurred around 100 million years ago in
the branch leading to codfishes, and the alterations in
immune genes have influenced the speciation rate in this
important group of vertebrates, as shown in Nature Ge-
netics (Malmstrom et al. 2016).

Our marine research also includes the study of poten-
tially significant economic effects resulting from fishing
pressure, published in PNAS (Eikeset et al. 2013, 2016).
Overfishing can lead to evolutionary changes in fish pop-
ulations, and both evolutionary and ecological factors in-
teract to influence the growth and size of fish.

Publications in Molecular Ecology (Hermansen et al. 2011,
Elgvin et al. 2011) have provided insight into specia-
tion by identifying an example of hybrid speciation: the
ubiquitous house sparrow has interbred with the Span-
ish sparrow, forming a third distinct species, the Italian
sparrow.

Our empirical and theoretical work explores the evolu-
tion, persistence, and distribution of disease pathogens
in the wild. We have concentrated on the rapid emer-
gence of Lyme disease in Europe, as published in Nature
Communications (Mysterud et al. 2016), and on outbreaks
of plague - caused by the bacterium Yersinia pestis. In par-
ticular, work in PNAS by Schmid et al. (2015) has shown a
strong association between climate-driven outbreaks of
Y. pestis in Asian rodents and waves of plague in Europe.

Research in Proc. R. Soc. B. (Voje et al. 2015), and Evolution
(Voje 2016) further demonstrates how we link ecological
and evolutionary thinking. Voje (2016) tackled a long-
standing question; whether established species remain
more or less unaltered during their existence. By inves-

tigating 450 fossil time series, he showed that lineages
showing stasis often undergo sizable amounts of evo-
lution. However, this evolution does not accumulate to
produce large net evolutionary changes over time. On a
related note, research published in PNAS (Nordbotten &
Stenseth 2016) shows that both Red-Queen type evolu-
tion and evolutionary stasis can occur within a multispe-
cies community, under different ecological conditions.

New scientific highlights
in 2016

The role of ecology and evolution

One of the core activities of CEES is to understand the
dynamics between ecological and evolutionary process-
es for different biological systems. In a study recently
published by PNAS (Eikeset et al. 2016), we showed how
evolutionary and ecological factors interact to influence
the growth and size of fish, using cod (Gadus morhua) as
our model organism. Overfishing can lead to evolution-
ary changes in fish populations - since fishers usually
harvest larger fish, fish populations adapt to the pres-
sure of heavy fishing by evolving to mature earlier and at
smaller sizes. Through a growing body of research, sci-
entists are sorting out to what extent observed changes
in fish populations are caused by non-reversible genetic
changes (evolution), and to what extent the changes
are influenced by the environment rather than genetics
(phenotypic changes). In our new study, we addressed
this question by exploring the relative impact of two fac-
tors: 1) density dependence, i.e., when the cod popula-
tion shrinks through fishing, more food is available and
fish mature earlier, and 2) life-history evolution, i.e.,
an evolutionary change towards earlier maturation in-
duced by the selective harvesting of larger fish.

The study focusses on northeast Arctic cod, currently
the world’s largest cod stock. We studied how the his-
toric fishing pressure from 1932-2005 affected the fish
stock at the population level, by building an individual-
based model. This model could reproduce 74 years of
historical data on age and length of maturation for this
particular cod stock (figure 1). We used this model to
show that ecological and evolutionary dynamics do not
work in isolation, but rather as part of a complex sys-
tem. Specifically, we found that a combination of these
two processes was likely responsible for the observed
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Figure 1: Comparison of model predictions and observations
for age and length at maturation in NEA cod for (A and B)
the historical growth model and (C and D) the contemporary
growth model. Observations are shown with grey lines; eco-
evolutionary model predictions, with thick black lines; and
nonevolutionary model predictions, with thin black lines. The
shown models possess the highest likelihoods among all 16
model variants and associated CV combinations. In A and B,
the nonevolving population goes extinct at the point indicated
by the filled circles and dashed lines. Model predictions are
the mean ages and lengths at maturation among individuals
in the population, averaged over 30 independent model runs
(Eikeset et al. 2016).

changes in cod age and size at maturation. Our carefully
calibrated quantitative model also revealed that the cod
population could have collapsed around 1980 had it not
undergone some life-history evolution, making it more
resilient to the high fishing pressures it experienced af-
ter World War II.

Understanding the interplay and relative contribution
from the combination of these two processes is not only
interesting from a scientific perspective, but also vital
for fisheries management. This is because this complex
dynamic is responsible for the observed changes in ex-
ploited populations worldwide. Our study underscores
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both the economic and environmental ramifications: ec-
onomically speaking, smaller fish lead to a smaller catch
for fishers; and environmentally speaking it is unclear
what the broader impact of these changes will be. It is
thus vital for fisheries management to adopt an integrat-
ed approach, as a comprehensive understanding of both
evolutionary and ecological processes will allow fisher-
ies to be understood and managed in a sustainable way.

A related study in Ecological Applications (Dunlop et al.
2015) explored the impact of evolution on population
growth rate, stock collapse and recovery potential, us-
ing a more theoretical model. The findings of that study
were further highlighted by Nusslé et al. (2016 Trends in
Ecology & Evolution); in particular, that 1) evolution has
the strongest effect on population growth when the
harvest rate is high, and 2) evolution affects how the
population growth rate changes over time. Growth rate,
v, initially decreases as the largest individuals are re-
moved via harvest, but later recovers when density is
sufficiently reduced to trigger overcompensation, i.e.,
density-dependent growth (figure 2, left side). Evolution
first slows down the initial reduction and accelerates
the subsequent recovery. During a fishing moratorium,
the transient dynamic is reversed; growth rate, r, first
increases as the moratorium protects the larger fish, but
later decreases as fish density increases and the popula-
tion approaches carrying capacity (figure 2, right side).

Our PNAS paper (Eikeset et al. 2016) received a lot of at-
tention, and generated further discussion in PNAS (Eike-
set et al. 2017). In our follow-up paper, we re-emphasised
that it is essential to carefully integrate models and em-
pirical data (figure 3). In addition, we underscored that
our research question is framed within the context of
understanding the dynamics between ecology and evo-
lution, not whether changes in the fish stock dynamics
are due to ecology or evolution. Our results emphasise
that it is important to understand these dynamics and
how they interact, in order to prevent fisheries collapse.
This is because these processes are truly intertwined,
and the underlying ecological and evolutionary mecha-
nisms continuously change over time. For example, as
density dependence grows through food availability,
competition, density, etc., so too does the selective pres-
sure through harvesting. Hence, the drivers for these
ecological and evolutionary processes are not stable, and
we therefore have to understand when one may matter
more than the other. Our study steps up to that chal-
lenge.
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Figure 2: Transient Dynamic of Population Growth Rate (r) through Time. The
unbroken line in the left side of the graph describes the transient dynamic of
population growth rvate (r) during intense fishing (i.e., harvest vate greater
than 40%), with a negative and decreasing growth vate when the largest fish
are harvested, followed by an increasing (but still negative) growth rate due

to compensatory growth linked to density-dependent factors. The population
growth rate eventually stabilizes when the population reaches carrying capac-
ity. The unbroken line in the right side of the figure represents the reverse
transient dynamic that occurs during a fishing movatorium with the same
phenomenon reversed. The broken lines represent the trajectories of species
with fast (broken-dot) versus slow (broken) life history speeds dafter evolution
of the probabilistic maturation reaction norm (PMRN), which is represented in
the box in the upper left part of the graph. The PMRN represents the combina-
tion of fish size and age at which 50% of individuals are mature (vepresented
by the unbroken bav), that is, at a given age, larger fish are more likely to be
mature than smaller ones. PMRN evolution is expected to trigger maturation at
smaller sizes and younger ages (Nusslé et al. 2016).

Figure 3: Heritabilities of age at maturation in our model for (A) the historical
growth model and (B) the contemporary growth model. Emevgent heritabili-
ties (h2) are estimated for the two growth models by vegressing the age at
maturation of offspring individuals on the mean age at maturation of their
parents. The median of five replicate model runs is shown for each model,
with circle sizes being proportional to counts of values for 1995-2005. The
lines indicate the vesultant linear parent-offspring regressions, with their
slopes equalling h2 (Eikeset et al. 2017).
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Summarised by Anne Maria Eikeset.

Further reading:

Dunlop, E. S., Eikeset, A. M., Stenseth, N.
C. (2015) From genes to populations: how
fisheries-induced evolution alters stock
productivity. Ecological Applications, 25 (7),
1860-1868.

Eikeset, A. M., Dunlop, E. S., Heino, M.,
Storvik, G., Stenseth, N. C., Dieckmann, U.
(2016) Roles of density-dependent growth
and life history evolution in accounting
for fisheries-induced trait changes. Pro-
ceedings of the National Academy of Sciences
of the United States of America, 113 (52),

15030-15035.

Eikeset, A. M., Dunlop, E. S., Heino, M.,
Storvik, G., Stenseth, N. C., Dieckmann,
U. (2017) Reply to Enberg and Jorgensen:
ecology and evolution both matter for
explaining stock dynamics. Proceedings
of the National Academy of Sciences of the
United States of America, doi: 10.1073/
pnas.1703865114.

Nusslé, S., Hendry, A. P., Carlson, S. M.
(2016) When should harvest evolution
matter to population dynamics? Trends in
Ecology & Evolution, 31 (7), 500-502.

Anne Maria Eikeset




Rate of evolution is consistent across modes
in the fossil record

When studied on short timescales, evolution seems easy.
Most artificial selection experiments are able to create
large phenotypic changes, and natural populations com-
monly change due to natural selection. Observations of
evolution on generational timescales (microevolution),
therefore, indicate a gradual process, one where popu-
lations have the ability to respond to natural selection.
Studies of macroevolution, however, often tell a differ-
ent story. Palaeontological data suggest species exist
more or less unaltered during their existence. Why do
we see so little evolution over million-year timescales
when evolution appears to happen all the time over
shorter timescales?

The contrast between levels of evolution observed over
long and short timescales is often referred to as the
paradox of stasis. Resolving this paradox would help
us understand how observations on microevolutionary
timescales may explain macroevolution, or if there are
processes governing long-term morphological evolution
that cannot be understood by understanding microevo-
lution alone.

A potential solution to the stasis-paradox lies in how we
interpret the fossil record. A lineage shows stasis when
its species show no net evolution over time. However,
the morphology of a species is rarely constant and usu-
ally displays fluctuations, which over time do not accu-
mulate to produce net evolutionary change. The magni-
tude of the stationary fluctuations in the morphology of
a species during stasis has commonly been assumed to
be very small, representing neglectable amounts of evo-
lution. Indeed, a fundamental assumption underlying
the paradox of stasis is that stasis represents minimal
evolution. However, to what extent fluctuations during
stasis in fact represent minimal evolution has yet to be
formally tested.

In a study published in Evolution (Voje 2016), I analysed
450 time series in order to investigate the amount of
evolutionary change in fossil lineages over time. I first
categorised the time series into different evolutionary
modes by testing which model of evolution best de-
scribed each time series (models representing stasis,
directional trend, etc.). I then tested whether traits that
fit different modes travelled different distances in mor-
phospace. For example, if we add together all the evolu-

Figure 1: Measures of net evolution and distance travelled in morphospace. Panel A shows two
traits fitting the modes directional change (ved, crosses) and stasis (black, filled circles). The stasis
trait fluctuates around a fixed mean (horizontal line), showing minimal net evolution compared to
the trait moving directionally in morphospace. Panel B shows the accumulated distance travelled
in morphospace for the two traits in panel A. The accumulated distance travelled in morphospace
shows how much the trait changes over time, irrespective of the direction of the change (i.e.,
whether the trait gets larger or smaller) (Voje 2016).
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tionary changes when a trait fluctuates during stasis, is
that amount of evolution comparable to the amount of
evolutionary change happening in a trait that shows a
directional trend over time (figure 1)?

The results of the analyses of the 450 morphological
time series show that the nonaccumulating morphologi-
cal fluctuations during stasis travel similar distances in
morphospace, compared to lineages showing directional
change. Hence, lineages showing stasis commonly un-
dergo considerable amounts of evolution, but this evo-
lution does not accumulate to produce large net evolu-
tionary changes over time. This represents a rereading
of the fossil record, one which suggests that rates of
evolutionary change across modes in the fossil record
may be more homogenous than previously assumed and
advocated.

The conclusion of the paper contradicts the dominating
view of evolution based on the fossil record - that es-
tablished species remain more or less unaltered during
their existence. The study was selected as a Research
Highlight in Nature.

Summarised by Kjetil Lysne Voje.

Further reading:

Voje, K. L. (2016) Tempo does not correlate with mode in
the fossil record. Evolution, 70 (12), 2678-2689.

Kjetil Lysne Voje

Speciation rate in teleost fishes is influenced
by their immune system

In 2011, the Atlantic cod genome was published in Nature
(Star et al. 2011). A major finding based on the complete
catalogue of its genes was that cod had lost an impor-
tant part of its adaptive immune system (MHC II), while
another part was highly expanded (MHC I). As a con-
tinuation of this discovery, Martin Malmstrom, Michael
Matschiner, and a team of colleagues from both CEES
and other international institutions investigated a large
number of additional fish species and found that cod is
not unique in this instance. It became clear that the loss
of the MHC class II pathway, normally responsible for
protection against bacterial infections, occurred already
very early on in the evolution of cod-like fishes. There-
fore, all living members of this order (Gadiformes) lack
components of the adaptive immune system (CD 4, In-
variant chain, and MHC II). However, the expanded rep-
ertoire of MHC class I - the defence mechanism against
viral pathogens - showed a more complex phylogenetic
pattern by displaying expansions both in Gadiformes
and another species-rich group, Percomorphaceae. Our
analyses suggest that copy number expansions of MHC
I have played a central role in the evolutionary success
of at least these two large clades within teleosts. Our
findings, published in Nature Genetics (Malmstrom et al.
2016), have not only changed the traditional view of a
static and highly conserved immune system in all ver-
tebrates. They have additionally illuminated that MHC
genes have a pleiotropic role by influencing speciation
rates in many different species.

Teleost fishes comprise close to 33 ooo species, and thus
constitute more than half of all living vertebrates. De-
spite this, little is known about how this group became
so numerous, and which evolutionary changes enabled
their success. These issues have been the focus of many
research projects, but only in recent years has it become
feasible to elucidate this conundrum through whole-
genome sequencing. While Atlantic cod was the first
fish species (and the second among all vertebrates) to be
sequenced with new high throughput sequencing tech-
nology, dramatic improvements in the technology have
since resulted in many new genome assemblies, as well
as a substantial improvement of the cod genome (publi-
cally available from 2016; Torresen et al. 2017). The avail-
ability of these genomic resources has changed the field
of cod research fundamentally. It has led to a shift away
from a purely ecological, fishery and economic focus and
towards becoming a model system for genomic and im-
munological research. In the process, we uncovered an
important piece in the puzzle for our understanding of
teleost speciation.
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Figure 1: Teleost phylogeny based on 76 fish genomes. Divergence times were estimated using 17 fossil constraints. Except where
noted, all nodes were supported with maximum support. Higher-level clades are indicated to the left of the respective node, and
drawings illustrate examples of the diverse fishes used for genome sequencing (Malmstrom et al. 2016).
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To investigate variation in the immune systems of cod-
fishes, Malmstrom and colleagues sequenced the genom-
es of 65 additional fish species. Twenty-six of these spe-
cies were close relatives of the Atlantic cod, representing
all major families of Gadiformes (figure 1). Altogether,
this sequencing effort more than doubled the number of
available fish genomes, and has already formed the basis
of several other research projects. This vast new dataset
allowed the CEES team to construct a new dated phy-
logeny of the bony fishes, enabling the interpretation of
the genomic data in a truly evolutionary framework. The
dataset itself has attracted considerable attention, and
has also been described by the CEES team in a separate
article in Scientific Data (Malmstrom et al. 2017) in order
to facilitate the reuse of available genomic resources.

Our main goal was initially to identify when in the At-
lantic cod’s ancestry these massive changes to the im-
mune system had occurred, and whether the loss of one
immune pathway could be connected to the extreme ex-
pansion of another. However, an even more interesting
pattern emerged from the analysis of the genomic data

Figure 2: 3D representation of the
new teleost phylogeny illustrat-

ing the evolutionary history of the
MHC class I copy-number expansion
based on ancestral-state reconstruc-
tion with the best-fitting Ornstein-
Uhlenbeck model. This model
supports five shifts towards elevated
copy-numbers of MHC I, mavrked
with coloured circles. The loss of
MHC II in the common ancestor of
Gadiformes is indicated with a black
circle (modified from Malmstrom et
al. 2016).
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@ Loss of MHC |1

when the phylogenetic relationships were taken into ac-
count. This pattern, revealed with software (SLOUCH)
developed by CEES core member Thomas Hansen,
showed that expansions of other immune genes in cod-
fishes were mirrored in other species-rich fish lineages
(figure 2). This finding was in line with previous re-
search that suggested a link between immune gene vari-
ation and the potential for lineages to speciate. To test
this hypothesis more explicitly, we incorporated data on
phylogeny, species diversity, and immune gene expan-
sions into a joint statistical analysis. The results were
unambiguous - the hypothesis that immune gene expan-
sions influence speciation received strong statistical sup-
port. Thus, despite the loss of some important immune
genes in codfishes, their unique immune systems do not
appear to have limited their evolution, and instead may
even have been the key to their extraordinary diversity.
Within less than 100 million years, codfishes diversified
into over 600 species, which is comparable to other rap-
idly diversifying groups such as wrasses (belonging to
the Percomorphaceae).




Michael Matschiner and Martin Malmstrom on fieldwork at
Soroya (Finnmark) - far away from labs and computers. ©
Paul R. Berg.

Our findings in Nature Genetics (Malmstrom et al. 2016)
were further highlighted in a “News and Views” article
in the same journal by Prof. Peter Parham, a highly re-
nowned immunologist at Stanford University (Parham
2016). In this article, Parham pointed out that these im-
munological changes may have allowed these species to
avoid retroviral attacks - viruses that circumvent the
immune system by duping the MHC II defence system -
thus allowing these species to spread to, and inhabit, a
greater variety of marine habitats.

Notably, the important biological results of this research
were the result of a multidisciplinary approach - a core
concept of CEES - and a focal point of the activities of Col-
loquium 2: “Bridging the gap between genomics and evo-
lutionary biology”. This research is thus exemplary for
how the combination of different branches of biological
science - cutting-edge genome sequencing technology,
statistical approaches, and macroevolutionary analyses
- can have synergetic effects on the scientific process.

Summarised by Martin Malmstrom, Michael Matschiner
and Kjetill S. Jakobsen.

Further reading:

Malmstroem, M., Matschiner, M., Torresen, O. K., Jakob-
sen, K. S., Jentoft, S. (2017) Whole genome sequencing
data and de novo draft assemblies for 66 teleost species.
Scientific Data, 4, doi: 10.1038/sdata.2016.132.

Malmstrem, M., Matschiner, M., Torresen, O. K., Star, B.,
Snipen, L.-G., Hansen, T. F.,, Baalsrud, H. T., Nederbragt,
A.T., Hanel, R., Salzburger, W., Stenseth, N. C., J[akobsen,
K. S., Jentoft, S. (2016) Evolution of the immune sys-
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The role deer populations play in Lyme
disease emergence in humans

The re-emergence and spread of Lyme disease through-
out Europe has been caused by global environmental
changes. There are now some 85 coo cases of Lyme dis-
ease reported annually in Europe, with 7 ooo of these
cases occurring in Norway alone. Lyme disease is usu-
ally not lethal in humans, but in severe cases may cause
a considerable decrease in quality of life for many years.
Lyme disease is caused by bacteria (spirochetes) from
the Borrelia burgdorferi sensu lato complex, with reser-
voirs in small vertebrates. The vector of the pathogen
is the tick Ixodes ricinus. It may take 3-6 years for the
life cycle of the tick to be completed, involving three life
stages (larva, nymph, and adult). Each life stage requires
a blood meal in order to moult into the next stage or to
reproduce. The life cycle of I ricinus involves a niche
shift as it develops from the larval and nymphal stages
through to the adult stage, since the various stages use
different sized hosts. The larval and nymphal stages use
a wide range of hosts, and pick up the pathogen caus-
ing Lyme disease from small vertebrates, whereas the
adult stage depends on larger (non-transmission) hosts,
typically deer (figure 1). Because of this complexity, the
role played by different host species in the emergence
of Lyme disease remains controversial. Deer specifically
may amplify tick numbers, due to their role as reproduc-
tion hosts for adult female ticks (a mechanism increas-
ing disease hazard). However, deer can also lower the

prevalence of the pathogen in ticks (dilution), as they are
not competent hosts of the pathogen (a mechanism de-
creasing disease hazard).

A team of researchers from CEES has documented in
Nature Communications (Mysterud et al. 2016) the mech-
anisms of how deer populations affect disease hazard,
and how variations in both spatial and temporal deer
population density affect the incidence of Lyme disease.
As a basis, we used a combination of techniques to look

Figure 1: The life cycle of the tick Ixodes ricinus which acts as
a vector for the pathogen causing Lyme disedse in humans.

Figuve 2: Relationship between a) the abundance
of questing tick nymphs inside and outside of
deer exclosures, b) the abundance of questing
tick nymphs and deer population density index,
¢) the nymphal tick load on red deer ears and
deer population density index, and d) the preva-
lence of Borrelia burgdorferi sensu lato in ticks
and deer population density index along the west
coast of Norway (Mysterud et al. 2016).




at the mechanisms determining disease hazard (num-
ber of infected tick nymphs). These techniques included
field sampling of host-seeking (questing) ticks, experi-
mental manipulation of deer density through fencing,
and real-time PCR techniques to detect the pathogen in
ticks. We also performed statistical analysis of the in-
cidence of Lyme disease over the whole of Norway for
the years 1991-2012. These statistics were derived from
the Norwegian Institute for Public Health, and included
only the more severe cases of (systemic) Lyme disease.
High deer density led to a somewhat higher number of
questing ticks and tick load on deer (i.e., tick amplifica-
tion), but the prevalence of pathogen in the ticks was
reduced at high deer density (i.e., pathogen dilution)
(figure 2). Nevertheless, the net sum of these opposing
mechanisms was a clear measurable increase in the inci-
dence of Lyme disease in humans as a result of both high
temporal and spatial deer population density. However,
the trajectories of deer population sizes played an overall
limited role for the recent emergence of Lyme disease in
Norway (figure 3).

Our article resolves a pointed topic that has been at the
centre of a controversial debate within Lyme disease and
other vector-borne disease research over the past sever-
al decades. The study suggests that managing deer popu-
lations will have some effect on Lyme disease incidence,
but that Lyme disease nevertheless may increase as mul-

Figure 3: The annual number of harvested deer
and Lyme disease cases in humans in region a)
West and b) South and the relationship between
LD incidence (per 10 0oo) and the temporal varia-
tion in deer density index in the c) West and d)
South regions of Norway for years 1991, 2001 and
2011 (Mysterud et al. 2016).

tiple drivers are involved. The paper has received me-
dia attention from many countries across Europe, due to
the important implications for human health. This work
provides one good example of the One Health concept,
in which the health of the environment and animals are
linked to the health of humans.

Summarised by Atle Mysterud and Hildegunn Viljugrein.

Further reading:

Mysterud, A., Easterday, W. R., Stigum, V. M., Aas, A. B,,
Meisingset, E. L., Viljugrein, H. (2016) Contrasting emer-
gence of Lyme disease across ecosystems. Nature Com-
munications, doi: 10.1038/ncomms11882.

Atle Mysterud Hildegunn Viljugrein
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Disentangling the mechanisms behind climate
effects on a key zooplankton species
Zooplankton play a key role in marine ecosystems, chan-
nelling energy from primary producers (phytoplankton)
to higher trophic levels. Throughout the North Atlantic,
the copepod Calanus finmarchicus (figure 1) is a dominant
zooplankton species and an important prey item for a
range of organisms. In the Norwegian Sea and south-
western Barents Sea, C. finmarchicus serves as a food
source for commercially valuable fish stocks such as
capelin, herring and larval cod.

Temperatures in the upper oceans are increasing, with
the strongest warming occurring at high latitudes. Ris-
ing temperatures are linked to increased thermal stratifi-
cation (shallower mixing layer), and both of these factors
potentially influence zooplankton biomass. However, in-
vestigating climate effects on zooplankton is challeng-
ing due to the influence of advection, in other words, the
movement of organisms with water currents. Observa-
tion data typically give a snapshot of the plankton com-
munity in a specific location and moment, but do not
reveal the observed individuals’ past drift trajectories or
the environment experienced en route prior to sampling.

In a study published in PNAS (Kvile et al. 2016), we ex-
plored potential climate effects on C. finmarchicus in the
northeastern Norwegian Sea and southwestern Barents
Sea. We combined long-term spatiotemporal observation
data from Russian surveys conducted between 1959 and
1993 with state-of-the-art statistical methods and ocean-
ographic particle tracking. Our goal was to quantify the
importance of both 1) drift from spring to summer and 2)
environmental variation likely experienced in spring on
the spatial variation in C. finmarchicus biomass in sum-
mer. We also explored how environmental variation in-
fluences 3) year-to-year variation in C. finmarchicus bio-
mass and 4) spatially resolved chlorophyll biomass in
spring, a proxy for phytoplankton biomass and thus for
food availability for C. finmarchicus.

A key result from the study was that the combination of
shallow mixing-layer-depth (MLD) and high wind speed
apparently increases chlorophyll biomass in spring,
and in turn C. finmarchicus biomass in summer (figure
2). Chlorophyll biomass was positively linked to ambi-
ent wind speed when MLD was shallow. Wind-induced
mixing might increase phytoplankton biomass after the
spring bloom initiation, possibly due to nutrient renewal

Figure 1: Calanus finmarchicus dominates mesozooplankton biomass in the Norwegian Sea and southwestern Barents Sea.
This water sample from the Barents Sea contained a large number of C. finmarchicus, together with one specimen of the larger
sibling-species C. hyperboreus (middle) and one predator copepod of the genus Paraeuchaeta (left). © Kristina Qie Kvile.




from deeper waters. C. finmarchicus biomass in summer
was similarly positively related to the combination of in-
creased wind and shallow MLD at back-calculated posi-
tions in spring.

These results indicate that bottom-up effects of food
availability in spring influence C. finmarchicus biomass in
the Norwegian Sea-Barents Sea area in summer, high-
lighting the need to consider climate effects “beyond
temperature” when projecting zooplankton dynamics
under climate change. Phytoplankton production is pre-
dicted to decrease globally due to increased stratification
resulting from ocean warming. At higher latitudes, how-
ever, increased stratification might strengthen the cou-
pling between phytoplankton production and zooplank-

Figure 2: Schematic presentation of key vesults: More C. fin-
marchicus originate from warm than cold areas. The combi-
nation of shallow mixing-layer-depth (MLD) and strong winds
favours phytoplankton production, which in turn positively
influences C. finmarchicus growth and/or egg production. As
a vesult, the combination of high temperature, shallow MLD
and increased wind in spring leads to high summer biomass on
a local scale (solid arrow), while alternative combinations of
lower temperature, increased MLD and wind, or reduced MLD
and wind, result in medium or low summer biomass (dashed
or dotted arrows).

ton ingestion, increasing zooplankton biomass in late
winter/early spring (Stock et al. 2014). Our study addi-
tionally suggests that the interaction between MLD and
wind can impact the phytoplankton biomass available to
high-latitude zooplankton in spring, and thereby influ-
ence the zooplankton biomass in the following summer.

Accounting for drift, we furthermore found that spa-
tially resolved biomass in summer related positively to
temperature at back-calculated positions in spring. This
most likely occurs because more biomass originates
from warmer, southwestern areas closer to core distri-
bution areas of C. finmarchicus in the Norwegian Sea. On
the other hand, while annual mean C. finmarchicus bio-
mass in spring was positively related to temperature in
spring, the mean change in biomass from spring to sum-
mer was in general lower after a warm spring than a
cold spring. This might be due to an earlier zooplankton
biomass peak occurring with higher temperatures, ear-
lier descent to overwintering, or increased competition
or predation pressure after a warm spring. Increased
temperatures, as predicted in future climate scenarios,
might thus increase the C. finmarchicus biomass available
for predators in spring, but not necessarily in summer.

Summarised by Kristina Qie Kvile and Leif Christian
Stige.

Further reading:

Kvile, K. @., Langangen, Q., Prokopchuk, I., Stenseth, N.
C., & Stige, L. C. (2016) Disentangling the mechanisms
behind climate effects on zooplankton. Proceedings of the
National Academy of Sciences of the United States of America,
113 (7), 1841-1846.

Stock C. A., Dunne . P, John|. G. (2014) Drivers of trophic
amplification of ocean productivity trends in a changing
climate. Biogeosciences, 11, 7125-7135.

Kristina Qie Kvile  Leif Christian Stige
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The potential of prokaryotes in carbon capture
and storage

Anthropogenic CO, emissions pose a global threat, con-
tributing to global warming and ocean acidification. In
2016, atmospheric carbon dioxide levels passed the sym-
bolic 400 ppm mark. To mitigate further escalations in
warming and acidification, CO, gas can be captured from
large-source emitters, such as the cement industry, and
stored in geological formations - a process known as
carbon capture and storage (CCS). As a potential solution
to rising CO, levels, CCS has enormous promise. How-
ever, this promise comes with risks. Some of the biggest
concerns with CCS are the risk of leakages and the en-
vironmental impact if a leakage occurs. Leakages can be
abrupt or gradual, and small gradual leakages from sub-
surface reservoirs are especially difficult to detect with
the available geological and seismic tools utilised today.

Advances in high throughput sequencing techniques
during the last decade have revolutionised the field of
microbial ecology. Prokaryotes have been detected in
virtually all niches on Earth, from deep subsurface envi-
ronments to far up in the atmosphere. They encompass
a huge variety of metabolic pathways, enabling them to
thrive in all environments. Six different metabolic path-
ways for CO, assimilation have so far been identified in
Archaea and Bacteria, including the Calvin-cycle also
found in plants and other photosynthetic eukaryotes

(figure 1). Contrary to this metabolic cycle, several of the
CO, assimilation pathways found in prokaryotes can oc-
cur in darkness (using other energy sources than light).

In our paper in Trends in Biotechnology (Hicks et al. 2016),
we bridge the knowledge between microbial ecologists,
geneticists, geologists, biogeophysicists and bioinfor-
maticians. Within this multidisciplinary framework, we
suggest the utilisation of prokaryotes for monitoring
leakages from CCS, for enhanced CO, sequestration, and
for carbon capture utilisation (CCU).

Under a CCS leakage scenario, gas will migrate through
the overburden and into the overlaying surface sedi-
ments. In our paper, we argue that prokaryotic commu-
nities in surface sediments can be used to detect even
small gradual leakages, leakages that are difficult to de-
tect with the tools available today. Advancements in high
throughput sequencing techniques have the potential to
reveal even small changes in the metagenome of prokar-
yotic communities caused by environmental alterations,
such as a leakage event. We claim that a streamlined au-
tomated system for detection of leakages based on am-
plicon and/or metagenome analyses of surface sediment
prokaryotic communities is feasible. Furthermore, this
method would provide a cost- and time-efficient way of
monitoring CCS.

Figure 1: Phylogenetic representation of the diversity of CO2-
assimilating prokaryotes using any of the six COz assimila-
tion pathways. Bacteria: darker grey, Archaea: lighter grey.
The assimilation pathways depicted here are the reductive
pentose phosphate cycle (Calvin-Benson-Bassham cycle;
cyan), veductive tricarboxylic acid cycle (Arnon-Buchanan
cycle; yellow), reductive acetyl-CoA pathway (Wood-Ljung-
dahl pathway; grey), 3-hydroxypropionate bicycle (light blue),
3-hydroxypropionate-4-hydroxybutyrate cycle (pink), and the
dicarboxylate-4-hydroxybutyrate cycle (green). The figure
legend denotes ‘chemolithotrophic taxa and *photosynthetic
taxa (Hicks et al. 2016).




Leakages from CCS reservoirs can be avoided by trap-
ping the gas into a solid state, such as calcium carbonite.
Over a long timescale (tens of thousands of years), the
injected and stored CO, may naturally precipitate onto
sediment grains within the reservoirs as carbonate, and
hence be sequestered in a stabile phase. Several prokary-
otic groups are reportedly involved in biomineralisation,
converting CO, into calcium carbonite, and can poten-
tially speed up mineralisation rates. We suggest that
such groups may be inoculated into CCS reservoirs to en-
hance the mineralisation process in a minimum amount
of time, and thereby prevent leakages from these reser-
VOirs.

Today, CCS is far from being economically profitable.
Capturing and storing the gas is an energy-demanding
and costly process. A range of anaerobic prokaryotes are
able to convert CO, into a variety of different chemicals,
including fuels and other products for industrial use,
such as ethanol, acetate (acetic acid), butanol, methane,
formate (formic acid). We argue that CCS reservoirs can
be turned into CCU, where the reservoirs are used as
bioreactors for value-added chemicals. To successfully
utilise CCS reservoirs as bioreactors, the reservoirs may

be inoculated with prokaryotic taxa and/or communities
that are not only able to withstand high concentrations of
CO, but can also convert the compounds into value-add-
ed chemicals. Such inoculum may comprise of natural,
engineered, or even synthetic prokaryotes. It is neces-
sary to identify highly CO,-tolerant prokaryotes in order
to reveal the genes encoding for enzymes and metabolic
pathways that promote the ability to withstand elevated
levels of CO,. Enzymes and metabolic pathways with de-
sired traits (e.g., utilising CO, with maximum efficiency)
can then be identified. Using these genes in synthetic
and engineered biology could provide a novel method of
engineering prokaryotes to alter existing carbon assimi-
lation, fixation, or conversion pathways, thereby maxim-
ising the efficiency of CO, utilisation.

Summarised by Unni Vik and Kjetill S. Jakobsen.

Further reading:

Hicks, N., Vik, U., Taylor, P, Ladoukakis, E., Park, [., Koli-
sis, F., Jakobsen, K. S. (2016) Using prokaryotes for car-
bon capture storage. Trends in Biotechnology, 35 (1), 22-32.

Unni Vik and Kjetill S. Jakobsen. Source: https://titan.uio.no/node/1924. License: CC BY 4.0. © Bjarne Rosjo.
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GreenMAR

Green Growth Based on Marine Resources: Ecological and Socio-Economic Constraints

GreenMAR is a project funded by Nordforsk that studies the complexi-
ties of marine systems in the Nordic regions, and how these systems
adapt to increasing stress factors. Marine ecosystems provide unique
opportunities to meet a growing global demand for healthy and nutri-
tious food, if harvested more efficiently and sustainably. Yet, overex-
ploitation, climate change and other anthropogenic stressors challenge
such a development. The fundamental challenge of green growth is
to use our renewable natural resources more efficiently, while ensur-
ing that ecosystems retain their functionality. By investigating how
the ecological and social components of complex marine systems can
adapt to growing stress factors, we can provide management recom-
mendations for improved harvesting strategies.

The GreenMAR panel at the Arctic Circle meeting in Reykjavik, Iceland. From
left to vight: Nils Chr. Stenseth (CEES), Jostein Sundet (Novdforsk), Matilda
Valman (Stockholm Resilience Center - SRC), Susa Niiranen (SRC), Bryhildur
Davidsdottir, (University of Iceland), Anne Maria Eikeset (CEES), and Thorsten
Blenckner (SRC). © Anna V. B. Mazzarella.

GreenMAR consists of an interdisciplinary
Nordic research team, linked to research-
ers in the USA, Russia, and the Netherlands.
We bring together some of the best scien-
tists in the fields of climatology, ecology,
sociology, and economy. All of our partners
have considerable experience within the
broad theme of sustainability, but typically
focus on different sub-topics or have differ-
ent and complementary approaches. Their
disciplines need to be integrated to produce
the knowledge necessary to achieve green
growth. To achieve such integration, Green-
MAR brings together research groups which
in the past have only collaborated loosely or
not at all.

Our climatologists and oceanographers pro-
vide state-of-the-art model results on how
climate affects sea surface temperature,
ocean circulation, and freshwater run-off.
Modelled and observed environmental data
are combined with biological time-series
to unravel effects on fish populations, with
particular focus on possible critical thresh-
olds in the effects of climate and fishing.
Our sociologists perform in-depth studies
on how fishermen adapt to changes in their
environment. These insights are now be-
ing integrated in social-ecological models to
quantify how systemic properties, such as
resilience, sustainability, and viability, will
be affected by climate change. In parallel,
bio-economic models are being developed
to predict the economic effects of climate
change and to investigate how industry and
regulation can adapt in a cost effective way.
Together, such a multidisciplinary approach
provides knowledge to ensure the sustain-
able management of our oceans, as a neces-
sity and a catalyst for green growth. In ad-




dition, by including a leading Nordic fishing
company (Havfisk ASA), the relevance and
utility of the research is enhanced. Moreo-
ver, through a strong focus on training and
communication, we aim to contribute to the
formation of a new generation of multi-dis-
ciplinarily skilled scientists, administrators
and industrialists. Our training and com-
munication initiatives include: 1) organis-
ing a special issue in Marine Policy, 2) having
Special Sessions at international scientific
meetings such as Arctic Circle, Arctic Fron-
tiers, and the American Association for the
Advancement of Science (AAAS), and 3) oth-
er outreach events, workshops and courses.
Our consortium is contributing profoundly
to the competitiveness of the Nordic region,
both scientifically and in the sustainable
management of common resources.

The dedication of the partner institutions to
this collaboration is signified by their high
own contributions (>50% of total budget),
including funding dedicated to developing
new collaborative projects using Green-
MAR as a stepping-stone. A significant side
benefit is the establishment of interactions
between members of three Norwegian Cen-
tres of Excellence (NorMER, Nord-Star, and
SVALI), centres which otherwise would not
have a reason to collaborate. GreenMAR
further strengthens the links between aca-
demia, industry and other stakeholders
within the topic of green growth, through
the involvement of Havfisk ASA and the en-
vironmental NGO, WWF Norway. Finally,
GreenMAR is strongly devoted to hands-on
training of young researchers: they receive
a wide range of workshops and courses in
education, innovation and communication,
with emphasis on outreach. All seminars

are open for other scientists to attend/apply, and are also open to the
public where feasible. GreenMAR is thus contributing to educate, fa-
cilitate and encourage a new generation of scientists in an era with
demand for green growth.

Summarised by Anna V. B. Mazzarella.
GreenMAR is administered by CEES.

Website: greenmar.uio.no

The GreenMAR panel at the AAAS meeting in Boston, USA. From left to right:
Jane Lubchenco (Oregon State University), Scott Barrett (Columbia Univer-
sity), and Oran Young (University of California, Santa Barbava). © Anna V. B.
Mazzarella.
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MARmaED

MARine MAnagement and Ecosystem Dynamics under climate change

MARmaED is a Marie Sklodowska-Curie Innovative
Training Network funded by the European Commission.
It is an international and interdisciplinary network that
unifies specific and complementary competences in ma-
rine sciences from Norway (University of Oslo - CEES,
University of Bergen), Finland (University of Helsinki,
Abo Akademi University), Denmark (Technical Univer-
sity of Denmark), the Netherlands (Wageningen Univer-
sity), Germany (University of Hamburg) and France (Mé-
téo France). This collaboration allows us to investigate

how the cumulative stress from biodiversity loss, climate
change and harvesting will affect Europe’s complex ma-
rine systems, and the consequences this will have for op-
timal resource management. Our network integrates Eu-
ropean education and research in essential disciplines,
specifically genetics, ecophysiology, ecology, climatol-
ogy, physical oceanography, statistics and economics,
to achieve new knowledge and improved management
of the marine systems in question. Through targeted
secondments in the non-academic sector, MARmaED

Similar to its older siblings (NorMER and GreenMAR), MARmaED puts its Early Stage Researchers at the forefront. Photo taken at
the 2" Annual Meeting and course, Kristineberg Research Station, Sweden, 7 April, 2017. © Joél Durant.
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also constitutes an intersectorial project, providing the
network’s students with broad training and strong fa-
vourable employment opportunities within industry and
other non-academic sectors.

The second year of MARmaED is well in progress, and
our 15 Early Stage Researchers (ESRs) are now fully into
their respective PhD studies with their first papers pub-
lished, submitted or ready to be submitted (see table 1).
The visibility of MARmaED at international conferences
is significant. For example, five ESRs have presented pa-
pers and posters at the ICES Annual Science Conference
(ASC) in Riga, Latvia alone (where the ESR from CEES,
Leonie Farber, was awarded Best Poster). By the end of
2016, MARmaED researchers had already attended 19
conferences, presenting a total of 14 talks and ten post-
ers.

All the secondments at partner nodes have started,
and some have already been successfully completed.
Through this process the ESRs are exposed to different
scientific cultures, which will lead to a paper per second-
ment per ESR; some of them are already in the writing
process. Even more excitingly, the secondments at the
non-academic partner nodes have also taken place. We
are very satisfied with the success of these secondments;

the scientific pursuit complemented the non-academic
one so well, and achieved such strong collaboration, that
we were asked to prolong the experience with a new pe-
riod for some of the ESRs.

There is thus no doubt that the MARmaED ESRs are cur-
rently acquiring extremely valuable experience - experi-
ence which is both scientific, through the cross-discipli-
nary approach, and trans-sectorial in nature. MARmaED
is fully fulfilling its role by providing the ESRs with
broad training and increased employment opportunities
within industry and other non-academic sectors. The
new generation of researchers emerging from MARma-
ED will, I am sure, continue the legacy of NorMER and
become a trademark of the marine research coming out
of CEES for the international scientific community, as
these researchers move through their respective careers.

Summarised by Joél Durant.
MARmaED is administered by CEES.

Website: marmaed.eu

Table 1: Tracking each Early Stage Researcher (ESR): the number of conferences attended, and papers published and in progress.

| Institution

| Conference | Papers

In progress

| # | Published

Romain Frelat University of Hamburg 4 -- 2
Camilla Sguotti University of Hamburg 2 - 1
Sezgin Tunca University of Helsinki 2 2 2
Tin-Yu Lai University of Helsinki 1 -- 1
Esther Beukhof Technical University of Denmark 1 - 2
Rob van Gemert Technical University of Denmark 1 - 1
Sanmitra Gokhale Wageningen University 1 - 1
Esther Schuch Wageningen University 1 - 1
Leonie Farber University of Oslo 1 - 3
Cecilia Helmerson University of Oslo - - 1
Pierre Olivier Abo Akademi University - 1 1
Christina Henseler Abo Akademi University - 1 1
Gabiriella Ljungstrom University of Bergen 1 - 1
Tom Langbehn University of Bergen 3 - 2
Sofia Darmaraki Météo-France 1 1 1
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SUSTAIN

SUSTAIN is a project funded by the Norwegian Research
Council that studies the combined impacts of environ-
mental change and harvesting across natural ecosys-
tems. Terrestrial, freshwater, and marine ecosystems are
currently all affected by major anthropogenic stressors,
like climate change and harvesting. Yet, the interactive
effects of these stressors remain poorly understood, and
they are generally studied separately within each sys-
tem. Such interactions may alter ecosystem functions
and processes in previously unexpected ways, impact-
ing the ability to provide ecosystem services. SUSTAIN
addresses the general question of how expected climatic
changes affect the way species can be harvested in an
ecosystem perspective, and how management strategies
can be improved to ensure sustainable exploitation and
resilience in those ecosystems.

SUSTAIN brings together three of the strongest scientific
groups within ecology and evolution in Norway: CEES
at the University of Oslo, the Centre for Biodiversity Dy-
namics (CBD) at the Norwegian University of Science
and Technology (NTNU), and the Dept. of Arctic and
Marine Biology at the University of Tromse. This effort

counteracts the profound fragmentation within Nor-
wegian environmental science and establishes collabo-
ration networks for a new generation of scientists and
managers. The SUSTAIN network also consists of other
research institutions/organisations from Norway, with
expertise ranging from statistics and ecology to meteo-
rology and marine science. These partners include the
Norwegian Institute for Nature Research (NINA), Nor-
wegian Institute for Water Research (NIVA), Norwegian
Polar Institute, Norwegian Computing Center, Institute
of Marine Research, Norwegian Meteorological Institute,
and the Norwegian Ornithological Society. In addition,
SUSTAIN collaborates closely with a panel of end-users.
These are representatives from NGOs, stakeholders,
monitoring programmes and management bodies for the
ecosystems and renewable resources concerned. Exam-
ples of our end-users include the Governor of Svalbard,
the Norwegian Environmental Agency, Finnmark Estate
Agency, and the County Governor of Hedmark.

The work in SUSTAIN is organised around a “strategic
foresight protocol” (see figure 1), a framework that pro-
vides a structured process whereby rigorous science
scopes the options for an uncertain future. In collabo-
ration with the panel of end-users, SUSTAIN uses both
theoretical development and empirical analyses of high-
quality data to develop an ensemble of ecological models
and explore impacts of climate change and management
interventions across environments, spatiotemporal

The Gudbrandsdalsldgen river site is one of the SUSTAIN study areas. © Chloé Rebecca Nater.
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scales, and from single popula-
tions to entire food webs. The
project deals with terrestrial,
marine and freshwater ecosys-
tems and has seven case stud-
ies focussing on species that are
harvested in these ecosystems:
1) semi-domesticated reindeer
in boreal-Arctic ecosystems, 2)
Arctic fox, reindeer and ptar-
migan on Svalbard, 3) willow
and rock ptarmigan in moun-
tain and tundra systems, 4) in-
creasing red fox populations in
northern areas, 5) moose and
small game in boreal forest, 6)
fish stocks and brown trout in
lake Mjosa, and 7) fish stocks in
the Barents Sea.

Some of the scientific results achieved so far provide
insight into: relationships between different species in
marine food webs and both climate and fishing, spatial
variation and synchrony in life history traits in moose
and reindeer, and changes in the seasonal dynamics of
plankton in lake Mjosa. These results, and others, are
already published in scientific journals, and have been
presented in conferences (see www.sustain.uio.no). The
results of these scientific analyses are intended to pro-
vide an integrated assessment of the studied ecosystems
and evaluate their management strategies. This informa-
tion can then be used to adjust management interven-
tions as well as monitoring programmes, facilitated in
part by continuous interaction with our panel of end-
users. This interaction began at SUSTAIN's 1% annual
meeting, in January 2016, where researchers, postdocs,
PhD students and end-users came together, and has con-
tinued through more smaller-scale, targeted meetings.

In addition to these meetings, SUSTAIN has organised
workshops with such topics as how to approach contact
with end-users, and what specific tools can be used for
statistical modelling. These workshops are important,
because a focal point of SUSTAIN is the training of young
researchers. New PhD students and postdoc researchers
make up the workforce of the project, and a number of
them are financed directly by the three main partner in-
stitutions. As part of the training provided by SUSTAIN,
younger, more junior scientists are mentored by the
more senior members of the team, in particular the PI
and co-PIs, so as to help them become project and sci-
ence leaders. This will help the junior scientists to de-

Figure 1: The strategic foresight protocol forms the backbone of SUSTAIN.

velop their careers, so that they can be more competitive
with regards to European funding. The mentoring is or-
ganised across nodes, so that each one of the three co-PIs
mentors researchers from the other two nodes, both in
person and via Skype meetings.

Mobility is another key aspect of training within SUS-
TAIN. The PhD students appointed to the project are re-
quired to spend at least four months at another national
node, as well as at a collaborating institution outside
the country, and the postdocs are encouraged to do the
same. So far, PhDs have already moved across the three
main nodes, and taken courses on Svalbard or done field-
work in Finnmark, and some postdocs and researchers
have also moved across nodes.

SUSTAIN is currently moving forward six PhD projects
and more than ten investigations at the postdoc/re-
searcher level, mentored by the three co-PIs. This reflects
the formation of a new generation of skilled scientists in
the field of sustainability. Throughout the project, and
towards its end, SUSTAIN will provide sound scientific
knowledge to assist decision makers in improving both
the management and the monitoring of important har-
vested ecosystems. In this way, SUSTAIN will contribute
greatly towards ecosystem sustainability.

Summarised by Luis Cadahia.
SUSTAIN is administered by CEES.

Website: sustain.uio.no




3 SCIENTIFIC ACTIVITY

PlagPART

An international research and training network on the study of plague

PlagPART is a Norwegian-Russian-Chinese research and
training network on the study of plague, funded by the
Research Council of Norway. In the current geopoliti-
cal, demographic and economical situation, developing
ties between European, Russian and Chinese institutions
is of great importance for meeting security challenges
on several levels. On a scientific level, rapid population
growth both globally and in Asia, climate change, and
economic instability, all mean that it is of paramount im-
portance to understand zoonotic diseases (which make
up the great bulk of emerging and re-emerging infec-
tious diseases).

Against this backdrop, PlagPART is developing a highly
visible international consortium (figure 1). This consor-
tium will play a central role in the training of disease
researchers on all levels in the study of the ecology and
evolution of infectious diseases with an environmental
reservoir, using plague as the focal model and study
system. Through student and researcher mobility and
workshops, PlagPART will organise joint courses and
develop a common platform for research and training.
The main aim of PlagPART is to extend the collabora-
tion among disease researchers and scholars, mutually
connected by their research on plague, training a new
generation of interdisciplinary students within an inter-
national setting.

The PlagPART consortium consists of CEES (Principal
Collaborating Institution) and leading research and edu-
cation institutions in China and Russia. The main Chi-
nese partners are Beijing Normal University, Tsinghua
University and Zhejiang University, and the main Rus-
sian partner is Lomonosov Moscow State University.
In addition, Chinese associated institutions include the
Chinese Academy of Sciences, the Beijing Institute of
Microbiology and Epidemiology, the Academy of Mili-

tary Medical Science, and the Chinese Center for Disease
Control and Prevention. Russian associated institutions
include the Russian Academy of Sciences and the State
Research Center for Applied Microbiology and Biotech-
nology. Third party institutions linked to the consortium
include the National Center for Disease Control and Pub-
lic Health of Georgia, the National University of Mongo-
lia, and the Republican Anti-Plague Station of Azerbai-
jan.

The main outcomes of PlagPART will be 1) students
trained in an interdisciplinary, international, world-
leading environment and 2) the informal development of
networks and skills through lectures, courses and super-
vision, by researchers at all involved institutions. Anoth-
er key outcome will be the formalisation and expansion
of course and curriculum development, to target and
improve the subjects that benefit most from joint train-
ing. In addition, PlagPART will facilitate the continuation
of research and education collaboration into the future,
with the development of agreements on various joint
activities regarding teaching, the training of research
students, and research collaboration. Added value will
result from new knowledge emerging from the compar-
ative work within the PlagPART network, as well as from
training candidates for employment at research institu-
tions and in the public sector (such as public health in-
stitutions within the countries involved).

In addition to current research, both China and Rus-
sia draw on centuries of data from plague research and
surveillance - data largely unparallelled by any other
ecological system. Collaborating with these institutions
places CEES and the University of Oslo at the centre of
zoonotic disease research, and in the global forefront of
plague research.
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Summarised by Jo Skeie Hermansen.

PlagPART is administered by CEES.

Website: mn.uio.no/cees/english/research/projects/plagpart

Figure 1: The Norwegian-Russian-Chinese Plag-
PART consortium, in relation to the spread of
plague during the three great pandemics. The red
dots on the map shows the location of the main
partners.




4 EDUCATION AND RESEARCH TRAINING

CEES aspires to provide excellent education and training
facilities for our students, to supply outstanding candi-
dates for future positions. Our host department, as well
as other units of the university, delivers the basic edu-
cation to our Bachelor’'s and Master's/PhD programmes.
In 2016, CEES permanent scientific staff contributed to
the teaching of 13 Bachelor’s courses and 11 Master’'s/
PhD courses. Forty-four Master's students were super-
vised by CEES members, and 17 completed their degrees
in 2016. We provide a stimulating research environment
for our students by organising workshops, regular semi-
nars and journal clubs, and by frequently inviting promi-
nent scientists as speakers.

The Annual Student Conference

The CEES Annual Student Conference is a compulsory
event that provides a good forum for students to hone
their communication and presentation skills in a profes-
sional setting. This year the conference was held 22-23
November at Holmen Fjordhotell with 139 delegates. A
total of 61 talks were given, including 27 by Master’s stu-
dents (or Master’s students who had just completed their
degree) and 28 by PhD students.

Journal clubs and discussion groups

CEES arranges several different journal clubs, e.g. the
Colloquium Four Reading Group (27 sessions in 2016),
the Speciation Journal Club (16 sessions), the Structured
Population Modelling Journal Club (13 sessions), the
Plague Journal Club (six sessions) and the Microbiome
Group (six sessions).

Participating students select relevant papers that focus
on scientific challenges within the field of ecology and
evolution. The journal clubs encourage critical reading
of scientific papers and provide an opportunity for stu-
dents to keep updated in their field of study, as well as in
related scientific fields, thereby also promoting synthe-
sis within the centre.

Late Lunch Talks (LLT)

The Late Lunch Talk seminar series is a forum where em-
ployees, visiting scientists, and students at CEES present
and discuss their work and ideas. The format is informal,
with the objective being the facilitation of stimulating,
topical discussions. A total of 14 sessions were held in
2016.

Delegates at the CEES Annual Student Conference, Holmen Fjordhotell. © CEES.




5 GENDER EQUALISING STRATEGY

Gender balance in high-ranking academic positions is a
priority for both the Research Council of Norway (RCN)
and the University of Oslo. CEES has implemented sev-
eral guidelines to counter the attrition of women at all
levels, from Master’s students to tenured scientific staff,
and all stages in between. Our strategy to attract and
keep women scientists is based on optimising the condi-
tions for our women students, and emphasising women
role models. We acknowledge that in order to develop
good scientific leaders for the future, one must give the
young talented women (and men) an opportunity to de-
velop, and receive the necessary training under the right
conditions.

During the ten years that CEES has been running, we
have had 153 researchers/postdocs as members of the
centre, and 41% of these have been women. Of 86 PhD
positions, 51% have been held by women. In addition,
the Scientific Advisory Board is chaired by a woman, the
Deputy Chair is a woman, and two of the three Themes
are co-chaired by women scientists.

In collaboration with CEES, the Department of Bioscienc-
es submitted a proposal to the UiO gender balance funds
(“UiO sentrale likestillingsmidler”) in 2014. The pro-
posal was granted close to half a million NOK, and was
matched by the same amount from IBV, to perform sev-
eral measures that were initiated in 2015. All women at
the Department of Biosciences holding a PhD degree, but
without a permanent position (this constitutes approxi-
mately 40 persons), were offered two hours of career
prospects guidance with a hired professional consultant
from Yellow Research, in collaboration with different re-
source persons from the department. Each woman had
her CV reviewed, and each received specific guidance
and a tailored plan of action as to how to improve her
competitiveness and chances of pursuing a further ca-
reer within academia.

Eight women (including Sanne Boessenkool, Anne Ma-
ria Eikeset, Barbara Bramanti and Melissah Rowe from
CEES) with exceptionally good prospects were then pri-
oritised for further measures. Some were granted a re-
search stay abroad, others received some months of re-
search assistance (e.g., for lab work and fieldwork), and
one received funding to arrange a workshop to improve
her international scientific network. All of them were of-
fered help and funding in order to establish a mentoring
agreement, and received funds for travel and accommo-
dation in order to interact with their mentors. All women
were offered guidance via a research leader course, and
also offered skilled help to build their own professional
personal webpages. There were also several smaller fa-
cilitations, for instance helping them to increase their
teaching and supervising experience. Several expensive
publications were also funded. As mentioned above, each
woman received a tailored plan of action, well suited to
her specific needs. We believe that this is the reason for
the success that we have so far observed from this proj-
ect. It is worth mentioning that in 2016 Sanne Boessen-
kool was offered a permanent position as a faculty mem-
ber at IBV, and Barbara Bramanti started in a permanent
position in Italy. The project is still ongoing.




6 SCIENTIFIC OUTREACH

An important goal of CEES is to communicate our re-
search and findings, as well as to increase the apprecia-
tion and understanding of science. Our aim is to reach
both Norwegian and international audiences.

Public events

A central part of our scientific outreach is the open semi-
nars featuring high-profile researchers and communica-
tors of science, held both on the university’'s campus and
at public venues such as Oslo’s House of Literature (Lit-
teraturhuset). For the eleventh year in a row, the annual
events of Darwin Day and the Kristine Bonnevie Lectures
on Evolutionary Biology were held, the latter constitut-
ing a regular part of the university’s annual anniversary
day.

In 2016, the topic for Darwin Day (12 February) was: Still
evolving - Evolution today and in the recent past. The event
featured lectures by Richard Lenski (Michigan State Uni-
versity, USA), Ludovic Orlando (Centre for GeoGenetics,
Natural History Museum of Denmark, University of Co-
penhagen, Denmark), Peter Zimmerman (Case Western
Reserve University, Cleveland, Ohio, USA) and Marlene
Zuk (University of Minnesota, USA). Marlene Zuk also
gave a lecture the following day at the House of Litera-
ture on: Paleofantasy - What evolution tells us about the way
we eat and live.

Marlene Zuk and Richard Lenski, two of the Darwin Day
lecturers, holding the University of Oslo Science Library's 1%
edition copy of Darwin’s On the Origin of Species. © CEES.
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The Kristine Bonnevie Lectures on Evolutionary Biol-
ogy (2 September) consisted of talks by Corina E. Tarnita
(Princeton University, USA) on: The geometry of ecosys-
tems in a changing world, and Jan M. Nordbotten (Univer-
sity of Bergen, Norway) on: The unknown unknowns: Com-
municating scientific uncertainty.

The Fridtjof Nansen Lectures on Ocean Life was held for
the first time on 20 June. The event was co-organised
with the Nordic Centre of Excellence NorMER, in sup-
port of international research on the sustainable use of
marine systems. The main lecture was held by marine
biologist, explorer, and author Sylvia A. Earle on: Explor-
ing the deep frontier.

CEES’ plague research group represented the Depart-
ment of Biosciences with an information stand and
hands-on activities at the Oslo Science Expo (Forskning-
storget in Oslo - part of National Science Week), 23-24
September. This was a great opportunity to connect with
people of all ages.

Open scientific events

Our Friday seminars and Extra seminars are also open to
the public, although they are more technical and aimed
at researchers and students. In 2016, 19 such seminars
were held.

Media

The members of CEES are accessible to the media, and
are encouraged to contribute their comments on issues
of public concern when their expertise is applicable.
The press coverage of research conducted at CEES is
conveyed through a broad array of both national and
international media, including newspapers, magazines,
radio, television, and web-based information channels.
Several CEES members, though not mentioned here by
name, contributed extensively towards communicating
their research in 2016.

Social media

Scientists, academic organisations and research groups
use social media to broadcast their work, and CEES is
no exception. CEES has several active bloggers (www.
mn.uio.no/cees/english/outreach), and is active on
Facebook (www.facebook.com/CEESUIO) and Twitter
(@CEESUIO).




7 EXPERIMENTAL FACILITIES

CEES manages labs dedicated to DNA/RNA isolation, sep-
arate PCR facilities, post-PCR, sequencing services, and
ancient DNA.

The CEES DNA lab is a molecular research core facility
and is fully equipped for DNA and RNA extraction from
various types of bacteria, protists, algae, fungi, and ani-
mal and plant tissues (including blood, faeces, and an-
cient DNA). It contains all the basic instrumentation of a
modern molecular biology laboratory, including equip-
ment for gene cloning, genomic libraries, real-time PCR,
DNA/RNA quantification, and chip-based analysis of
DNA, RNA, and protein. The CEES DNA lab is open to
users from the Department of Biosciences, and is at pres-
ent actively used by CEES and the Microbial Evolution
Research Group (MERG).

The revenue from the CEES DNA lab comes mainly from
the bench fee, which in 2016 amounted to 26 400 NOK.
In addition, CEES allocates an amount of 50 ooo NOK
annually to this lab. The CEES lab has seen stable activ-
ity throughout the year, with between 26 and 28 users
per quarter. In the course of 2016, there were 58 paying
users of the lab, performing a total of 53 months’ work.

The ancient DNA (aDNA) laboratory

Ongoing methodological advancements have revolution-
ised our ability to obtain ancient DNA. These approaches
are increasingly used in a variety of research fields, such
as evolutionary biology, biomedicine, forensic sciences,
archaeology and physical anthropology. Ancient DNA
is typically degraded post mortem, resulting in limited
amounts of DNA that consist of short fragments with
specific biochemical modifications. The degraded nature
and minute quantities of aDNA require that experiments
are carried out in a dedicated and specially designed
laboratory.

An ancient DNA laboratory was recently opened at IBV
(May 2015), and established on the initiative of CEES.
A driving force behind the lab’s creation was the ERC-
funded project on medieval Yersinia pestis outbreaks (the
MedPlag project chaired by Barbara Bramanti). The lab-
oratory was established through a tight and successful
collaboration with IBV, the Museum of Cultural History
(KHM), and the Natural History Museum (NHM), and
has had strong support from the Faculty of Mathemat-
ics and Natural Sciences, the Medical Faculty, and the
Estate Department. The competence and services of the
Norwegian Sequencing Centre (NSC) at CEES provide an

Research Assistant Oliver Kersten in the milling room (used
to mill bones) in the aDNA lab. © Agata Tevesa Gondek.

ideal backdrop for the aDNA lab activities, adding inter-
national competitiveness to this interdisciplinary core
facility. The laboratory is spacious, well-equipped, and
capable of handling both human and non-human aDNA.

The laboratory board is headed by Sanne Boessenkool,
and includes representatives from all partner institutes.
In 2016, 11 scientists from UiO worked in the laboratory
(postdocs, PhD students and laboratory technicians),
financed by various projects, and there were two over-
seas visitors from Sweden and Italy who used the facil-
ity. On average, 1-2 people worked inside the laboratory
every day. Projects using the laboratory were financed
from a number of different sources, including the RCN,
Horizonzoz2o0, the Nansen Foundation and the Icelandic
Research Fund. The annual turnover of the aDNA lab
was approximately 150 ooo NOK in 2016. The daily man-
agement of the laboratory is delegated to CEES. To date,
CEES has accomplished this management by partially
funding a temporarily employed technician (10%) who
works in the lab, together with help from Nanna Winger
Steen, manager of the CEES labs.

Overall, the ancient DNA laboratory has provided UiO
with infrastructure supporting aDNA research at the in-

ternational forefront of science.

Summarised by Bastiaan Star and Sanne Boessenkool.
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7 EXPERIMENTAL FACILITIES

The Norwegian Sequencing Centre (NSC) has two nodes
hosted by the Centre for Ecological and Evolutionary
Synthesis (CEES) at the Department of Biosciences at
the University of Oslo, and the Department of Medical
Genetics (DMG) at Oslo University Hospital and the Uni-
versity of Oslo. NSC has been on the National Roadmap
for research infrastructures and large national projects
since 2014, and thus is a nationally prioritised infra-
structure in Norway.

Offered sequencing applications: NSC offers the Nor-
wegian research community access to a broad range
of high-throughput sequencing technologies (HTS) and
applications. We possess state-of-the-art facilities and
provide services covering most applications within the
deep sequencing field, e.g., de novo genome sequenc-
ing, exome sequencing, sequencing of ancient DNA and
other degraded DNA samples, as well as transcriptome-,
miRNA-, amplicon-, bisulphite- and chromatin immuno-
precipitation (ChIP)-sequencing, and base modification
detection for smaller genomes.

Platform updates: In 2015, a large increase in national
sequencing capacity was made possible by funding from
the Research Council of Norway’'s National Financing
Initiative for Research Infrastructure (INFRASTRUKTUR)
as NSC entered into partnership with HTS facilities at
Radium Hospitalet (Oslo), Haukeland Universitetssjuke-
hus (Bergen), and the Norwegian University of Science
and Technology (Trondheim). In 2016, the University
of Tromso also joined. This network of collaboration is
known as the Norwegian Consortium for Sequencing
and Personalized Medicine (NorSeq), and NSC is the ma-
jor partner (hub). As part of this agreement, several ad-
ditional sequencing instruments have been installed at
the CEES node in 2016. Taking these into account, NSC
now has the following instruments available: 4 x HiSeq
X, 2 x HiSeq 3000/4000, 2 x Illumina HiSeq 2500, 2 x II-
lumina NextSeqsoo0, 3 x Illumina MiSeq, and 1 x Pacific
Biosciences RSII. Finally, we have purchased a PacBio Se-
quel instrument (in production from 2017). According to
the specifications, the PacBio Sequel offers seven times
the output per run, relative to the RSII for the same types

of reads. However, the Sequel does not yet deliver such
amounts, and there have been some initial challenges
with this new technology. Altogether, NSC has by far
the largest instrument park for HTS in Norway. In addi-
tion, NSC has a considerable infrastructure of supporting
hardware to increase throughput and automation (Per-
kin Elmer Sciclone NGSx, Hamilton robot, Beckmann
Biomek FX robot, two Pippin Prep instruments, Covaris
DNA sonicators, etc.).

IT updates and data delivery: We have produced ap-
proximately 40 TB of data in 2016, of which nearly half
are sensitive in nature. With the purchase of seven new
sequencers, we expect the data production to increase
drastically in 2017. To cope with this, we have purchased
and installed a new primary storage solution. The cur-
rent 36 TB (18 TB effective) Dell EMC X210 has been up-
graded to 576 TB (322 TB effective) by the purchase of
four nodes of Dell EMC X410. Thus, the movement of
data within NSC will be optimised in early 2017. Inte-
gration of sequencing procedures and machines with the
Genologics Clarity Laboratory Information Management
System (LIMS) system is still ongoing. With the purchase
of HiSeq X sequencers and Seqlab solution, the Clarity
LIMS X version has been installed in parallel with our
existing LIMS gold edition. All the allied instruments
that are part of SeqlLab have been successfully installed
and connected to our NSC network and respective LIMS
systems. For storage and delivery of sensitive data, NSC
uses the “Tjeneste for Sensitive Data” (TSD) solution de-
veloped and offered by the University Center for Infor-
mation Technology (USIT) at UiO. For non-sensitive data,
we have started collaboration with ELIXIR Norway to of-
fer users the possibility of accessing their data through
the Norwegian e-Infrastructure for Life Sciences (NeLS).
NelLS can be directly used for further analysis of the
data, if desired.

Offered services: Services include project consultation,
sample preparation, and running the sequencing reac-
tions on the DNA sequencers, together with quality
assessment of the data. For projects sequenced on Illu-
mina instruments, mapping of the data to a reference




is performed. For bacterial PacBio projects, we continue
to deliver fully assembled genomes to our users. In addi-
tion to de novo genomes, base modification analyses can
be provided for bacterial and fungal genomes sequenced
on Sequel or PacBio RS II. NSC may also offer advice on
analysis software tools. For more advanced projects, users
are referred to bioinformatics services/help desks (such as
ELIXIR), or to research collaborations when appropriate.
The submission of projects is handled through our website
(www.sequencing.uio.no) where there is a single contact
point for both nodes (CEES and DMG), to help ensure that
the optimal technology is applied for each project.

Sequencing activity: In 2016, approximately 13 8oo differ-
ent samples in total were sequenced at NSC - a 46% in-
crease relative to 2015. These samples represent 307 proj-
ects - mostly from Norway, but also from several other
European countries. The largest fraction of the samples
was run on the Illumina platform (HiSeq/MiSeq). However,
the number of samples sequenced on PacBio RSII/Sequel is
still steadily growing.

Large projects: To date, the largest project that NSC has
been performing sequencing for is the Aqua Genome
(AG) project - led by CEES. In the AG project, more
than 1 ooo individuals of Atlantic cod (Gadus morhua)
have been sequenced with Illumina technology. The AG
project started in 2014 and sequencing was finished in
2016. Large projects will be increasingly important for
NSC in the future, and there are several such projects
in the pipeline - both within biomedical and biological
research.

Outreach: NSC staff, together with the Oslo node of the
ELIXIR Norway Bioinformatics Platform, participated
again in the yearly MSc/PhD course “High-throughput
sequencing technologies and bioinformatics analysis”
(INF-BIO5121/9121). NSC staff also participated in the
MSc/PhD bioinformatics course “High-throughput DNA
sequencing and variant calling in exome sequencing”
(MBV INFx410).

Summarised by Lex Nederbragt, Ave Tooming-Klunder-
ud and Kijetill S. Jakobsen.

Viking Age horse burials in Iceland have been sampled as part of the projects Tracking Viking-assisted dispersal of biodiversity
using ancient DNA and The horses and sheep of the Vikings: Archaeogenomics of domesticates in the North Atlantic.
The Icelandic horse is famous for its five gaits and great variety of coat colours. © Albina Hulda Pdlsdottir.




8 COMPUTATIONAL AND
BIOINFORMATIC RESOURCES

In 2016, the bioinformatics activities at CEES encom-
passed a still growing field. More CEES researchers than
ever are now generating large ‘digital’ datasets that need
to be analysed using sophisticated bioinformatics tools.

Infrastructure

At CEES, we use a combination of self-owned servers,
and CPU hours we have applied for on the UiO super-
computer ‘Abel’. This maximises flexibility for CEES re-
searchers in choosing the right resource for their pro-
jects. Memory-intensive applications can be run on our
own servers, while CPU-intensive applications can be
submitted to Abel and therefore do not take up valuable
time on the servers. The servers CEES owns (see below)
are attached to the Abel system. This means users can
seamlessly access the same programmes and disks on
the self-owned servers, as well as on Abel. For storage
(‘project disk space’) beyond what is available on our
own servers, we rent space from the University Center
for Information Technology (USIT) (attached to Abel) at
UiO, rather than buy and administer our own.

Hardware

Starting with the project to sequence and assemble the
genome of Atlantic cod in 2009, CEES has invested in its
own hardware for computation. These servers are host-
ed and maintained by the High Performance Computing
(HPC) group of USIT. In 2015, we completely renewed the
self-owned servers, using combined funds from the Nor-
wegian Sequencing Centre and the Aqua Genome pro-
ject, as well as a generous contribution from the Faculty
of Mathematics and Natural Sciences. As a result of this
overhaul, the following computational infrastructure is
available to CEES researchers: (i) three high-memory
servers with 32 CPUs and 1.5 Terabyte of RAM, and 64
TB local disk space each; (ii) a more modest server to be
developed into a genome browser (see below); and (iii)
256 regular CPUs, providing us with the equivalent of 2.2
million CPU hours per year.

On the university computer cluster Abel, we have alloca-
tions on the national HPC infrastructure through Notur
(notur.no), for CPU-intensive computations. We estimate
that we used roughly 9.9 million CPU hours in 2016.
CEES bioinformaticians use 280 TB of common, shared,
disk space, with another 100 TB disk space for long-term
archival of data at Norstore (norstore.no), the national
Norwegian infrastructure for the archiving of digital sci-
entific data.

Organisation

The bioinformaticians are organised through a mailing
list and occasionally meet to discuss common interests
or papers. Two journal clubs, the Genome Analysis Club
(TGAC) and the Microbiome Group, discuss papers and
programmes focussing on analytical methods for genom-
ic data. There is a wiki containing a growing number of
articles dealing with the practicalities of using the re-
sources at CEES, tips and tricks, etc. (https://github.com/
uio-cees/hpc/wiki). Although the day-to-day administra-
tion of the servers and disk space is the responsibility
of USIT, there is still a considerable amount of overhead
for CEES staff. Aspects of this include applying for, and
reporting on the use of, CPU hours on Abel; correspond-
ence with USIT on required software and interruptions
of the servers; feedback to CEES users; administration
of the user base, mailing lists, and wiki; and instructing
Nnew users.

Projects

Examples of projects requiring large computational re-
sources and large amounts of disk space are: (i) projects
to generate de novo genome assemblies of both small (bac-
terial) and large (eukaryote) genomes; (ii) resequencing
projects (SNP finding and genotyping) that require many
CPU hours for mapping sequencing data to a reference;
(iii) metagenomics and environmental sequencing pro-
jects; (iv) transcriptome assembly: mapping transcripts
to a reference genome/transcriptome, and differential
expression analysis using RNA-seq data; (v) genome an-
notation pipelines; (vi) sequencing of mitochondrial ge-
nomes; and (vii) ecological modelling.




Genome Browser

In collaboration with the Norwegian ELIXIR environ-
ment at the Norwegian University of Life Sciences
(NMBU), CEES established the Genome Browser in 2016,
which can be used for genomes resulting from research
performed at CEES. A genome browser is a graphical
interface for viewing and accessing genomic data for a
species. The first genome presented through this brows-
er was the updated Atlantic cod (Gadus morhua) genome,
gadMorz2. A sparrow genome browser is under develop-
ment.

Links to these genome browsers can be found at:

www.mn.uio.no/cees/english/genome-browser/

Outlook

In 2017, we will finalise the new wiki website and shut
down the old one, and release the second (and perhaps
third) genome(s) through the Genome Browser.

Summarised by Lex Nederbragt.

The old farmhouse museum in Hoyvik in the Faroe Islands is part of Faroe Islands National Heritage. For the project The horses and
sheep of the Vikings: Archaeogenomics of domesticates in the North Atlantic, Albina Hulda Pdlsddttir, PhD student at CEES,
visited the Faroe Islands to collect samples of sheep bones from archaeological excavations. © Albina Hulda Pdlsdottir.
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9 FINANCES

Accounting principles

CEES funding is derived primarily from RCN sources (ap-
proximately 10 MNOK in core funding per year), supple-
mented by funds from UiO (2 MNOK per year plus fund-
ing for several positions), and other sources defined as
own funding. Our own funding can be divided into the
sub-categories: funding from RCN projects; funding from
other public sector-based projects; funding from private
sector-based projects; and funding from international
projects. Expenditures are sub-categorised into salary
expenses, indirect costs, R&D services, equipment, run-

ning costs (composed mainly of operational expenses for
laboratory and fieldwork), and travel and representa-
tion. In addition to revenues and expenditures that are
accounted for, we also have those that are not account-
ed for. These are mainly defined as the expenditures of
those personnel that work within CEES, but receive their
salaries from other parties. The value of these services
is calculated using official UiO budgeting procedures. In
this report we present the accounting figures for 2016,
and the budget for 2017.

Principal Engineer Anders Herland and Master’s student Christian Htigli searching for ticks on a roe deer pelt. Roe deer serve as
hosts for all three life stages of ticks: larvae, nymphs and adults. © Atle Mysterud.
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[

Part of a walrus pelvis from the Alpingisreitur excavation in Iceland. The bone dates to between 1226 and 1500 AD, and was
sampled for aDNA for the project Investigating artifacts using ancient DNA to trace historic trade and exploitation of
Atlantic walrus. © Albina Hulda Pdlsdattir.
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CEES-members

Core scientific staff

Nationality ‘ Position Period Funding 2016 GEES
share (%)
Brysting, Anne K. Denmark Professor Oct. 2007- Uio-IBV 75
Durant, Joél France Researcher Oct. 2007- RCN/NORDFORSK 100
Ergon, Torbjern Norway Assoc. Professor Jan. 2013- Uio-IBV 50
Hansen, Thomas F. Norway Professor Oct. 2007- Uio-IBV 75
Hestmark, Geir Norway Professor Jan. 2014- uUio-IBV 75
Hjort, Nils L. Norway Professor Oct. 2007- UiO-Math 25
Jakobsen, Kjetill S. Norway Professor Oct. 2007- Uio-IBV 75
Lampe, Helene M. Norway Professor Oct. 2007- Uio-IBV 75
Mysterud, Atle Norway Professor Oct. 2007- Uio-IBV 75
Ottersen, Geir Norway Senior Scientist Oct. 2007- IMR/RCN-CoE 25
Slagsvold, Tore Norway Professor Oct. 2007- Uio-IBV 75
Stenseth, Nils Chr. Norway Professor & CEES Chair Oct. 2007- RCN-CoE 100
Stige, Leif Christian Norway Researcher Oct. 2007- RCN 100
Storvik, Geir Norway Professor Oct. 2007- UiO-Math 20
Seetre, Glenn-Peter Norway Professor Oct. 2007- Uio-IBV 75
Viljugrein, Hildegunn Norway Assoc. Professor Oct. 2007- RCN-CoE 20
Vollestad, Leif Asbjorn Norway Professor Oct. 2007- Uio-IBV 75
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Postdocs and Researchers

Nationality Position Period Funding 2016 sh(a:EeE(s%)

Atickem, Anagaw Ethiopia Researcher Apr. 2013-Sep. 2017 RCN-CoE 80
Barth, Julia Maria Isis Germany Postdoc Jan. 2014-Jan. 2017 Uio-IBV 100
Boessenkool, Sanne The Netherlands | Researcher Dec. 2012-Feb. 2018 RCN 100
Cadahia, Lorenzo Luis Spain Researcher Sep. 2014-Dec. 2018 RCN 100
de Muinck, Eric USA Postdoc Jun. 2014-Aug. 2017 Uio-IBV 100
Debeffe, Lucie Isabelle France Postdoc Oct. 2016-Sep. 2018 Uio-IBV 25
Diaz, Pauli Beatriz Spain Postdoc Nov. 2011-Oct. 2019 RCN-NMBU 17
Diekert, Florian Germany Postdoc oo 201 f::;fﬁ?g RCN/NORDFORSK -
Dupont, Nicolas France Researcher Sep. 2016-Aug. 2017 RCN 33

Researcher Jan. 2012-Dec. 2016 58
Easterday, William R. USA RCN-CoE/RCN

Postdoc Jan. 2012-May 2016 42
Eikeset, Anne Maria Norway Researcher Oct. 2007-Dec. 2017 NORDFORSK 100
Eroukhmanoff, Fabrice France Researcher Jan. 2013-Dec. 2017 Uio-IBV 100
Haverkamp, Thomas H. A. The Netherlands | Postdoc Jun. 2012-Mar. 2016 VISTA/RCN 25
Hansch, Stephanie Germany Researcher Jun. 2013-May 2018 ERC 58
Hermansen, Jo Skeie Norway Researcher Nov. 2009-Jun. 2018 RON/COE, RON 100

Postdoc
Hernandez-Aguilar, R. Adriana | Mexico Researcher Jun. 2015-May 2017 RCN-CoE 10
Holen, Qistein H. Norway Researcher Oct. 2007-Oct. 2019 RCN 100
Holt, Rebecca Emma UK Postdoc Oct. 2016-Oct. 2018 RCN-IMR 17
Hutchings, Jeffrey Canada Researcher Sep. 2010-Sep. 2017 RCN-CoE 20
Jin, Xingkun China Postdoc Jan. 2015-Mar. 2017 RCN 100
Jorde, Per Erik Norway Researcher Oct. 2007-Dec. 2016 Rﬁggggg 100
Kausrud, Kyrre Norway Postdoc Apr. 2013-May 2017 RCN 50
Kininmonth, Stuart James Australia Postdoc Nov. 2016-Oct. 2019 ERC 17
Kjesbu, Olav S. Norway Professor Sep. 2012-Sep. 2016 NORDFORSK 20
Knutsen, Halvor Norway Researcher Oct. 2007-Jun. 2018 RCN/INTERREG 10
Krzeminska, Malgorzata Poland Researcher Oct. 2016-Feb.2017 RCN 21
Kvile, Kristina @. Norway Researcher Nov. 2015-Dec. 2016 RCN 96
Langangen, Qystein Norway Researcher Sep. 2016-Aug. 2018 RCN 33




Llope, Marcos Spain Researcher Jul. 2016-Nov. 2016 GreenMAR 42
Malmstrem, Martin Norway Postdoc Sep. 2014-Feb. 2017 RCN 100
Martin, Jodie France Senior Lecturer Sep. 2015-Jan. 2016 CAS 4
Martinsen, Lene Norway Researcher Dec. 2016-Dec. 2016 RCN-CoE 3

Researcher Sep. 2016-Mar. 2017 ERC 25
Matschiner, Michael Germany

Postdoc Sep. 2013-Sep. 2016 RCN 75
Namouchi, Amine Tunisia Researcher Oct.2016-Oct. 2017 ERC 21
Nielsen, Anders Norway Researcher Oct. 2013-Mar. 2017 RCN 100
Nilsson, Anna Sweden Researcher Sep. 2013-Dec. 2017 RCN 92
Nistelberger, Heidi Maria Australia Postdoc Mar. 2015-Mar. 2018 RCN 83
Ohlberger, Jan P, Germany Researcher Jul. 2015-Dec. 2016 RCN 15
Ottoni, Claudio Italy Postdoc Aug. 2016-Apr. 2019 Uio-IBV 38
Peters, Wibke E. B. Germany Postdoc Oct. 2015-Sep. 2016 CAS 75
Ravinet, Mark S. P. UK Researcher Nov. 2015-Nov. 2018 UiO-IBV/RCN 100
Reitan, Trond Norway Researcher Oct. 2013-Aug. 2018 RCN 40
Rihter. Andries P Germany Researcher Jun. 2016-Sep. 2017 RCN 29

Postdoc Mar. 2010-Jun. 2016 9
Rivrud, Inger Maren Norway Postdoc Sep. 2008-Apr. 2019 RCN, CAS 58
Rueness, Eli K. Norway Researcher Oct. 2007-Sep. 2017 RCN-CoE 80
Schmid, Boris The Netherlands | Researcher Apr. 2012-Oct. 2016 RCN-CoE/ERC 100
Seierstad, Kristian S. Norway Researcher Sep. 2015-May 2017 RCN 100
Solbakken, Monica Norway Researcher Apr. 2016-Jul. 2017 RCN 71
Sperfeld, Erik Germany Researcher Jun. 2016-Aug. 2019 RCN 50
Star, Bastiaan The Netherlands | Researcher Sep. 2008-Aug. 2017 RCN 100
Starrfelt, Jostein Norway Postdoc Oct. 2014-Sep. 2017 RCN 58
Trosvik, Pal Norway Researcher Apr. 2012-May 2017 RCN 100
Vik, Unni Norway Researcher May 2010-Nov. 2016 RCN 18
Vindenes, Yngvild Norway Researcher Apr. 2011-Dec. 2018 RCN 100

Researcher Aug. 2008-Jan. 2017 19
Voje, Kjetil L. Norway RCN

Postdoc Aug. 2007-Jan. 2017 56
Whittington, Jason USA Researcher Sep. 2015-Aug. 2017 NORDFORSK 100
Wortel, Meike Tessa The Netherlands | Researcher Aug. 2015-Feb. 2018 RCN 75
Xu, Lei China Researcher Mar. 2016-May 2017 RCN-CoE 79
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PhD students

Nationality Position Period Funding 2016 CEES
share (%)
Baalsrud, Helle T. Norway Research Fellow Sep. 2012-Jul. 2017 Uio-IBV 75
Broch, Catharina Norway Research Fellow Feb. 2016-Jan. 2019 RCN 92
Cloete, Claudine C. Namibia Research Fellow Sep. 2013-Aug. 2016 RCN 100
g:ﬁ;?s’ Angelica Maria Colombia Research Fellow Feb. 2015-Feb. 2019 uio-IBV 100
Dean, Katharine Rose USA Research Fellow May 2016-Apr. 2019 RCN-CoE/ERC 67
Delkaso, Dereje Tesfaye Ethiopia Research Fellow Aug. 2014-Jul. 2017 Quota scheme 100
Deris, Leana Croatia Research Fellow Sep. 2015-Sep. 2018 Uio-IBV 100
Elgvin, Tore Oldeide Norway Research Fellow Jul. 2011-Mar. 2016 RCN 25
Farber, Leonie Anette Germany Research Fellow Feb. 2016-Jan. 2019 MSCA-ITN 92
Geberemedhin, Berihun Ethiopia Research Fellow Jan. 2009—Des. 2016 Quota scheme 100
Graffi, Giulia Italy Research Fellow Sep. 2015-Feb. 2016 ERC 13
Guellil, Meriam UK Research Fellow May 2015-Apr. 2018 ERC 100
Guldvog, Caroline @ien Norway Research Fellow Aug. 2015-Aug. 2019 RCN 100
3gLeoTli’E;ariku Ethiopia Research Fellow Jan. 2014-Dec. 2017 Quota scheme 100
Helmerson, Cecilia Sweden Research Fellow Mar. 2016-Feb. 2019 MSCA-ITN 83
!?:5::;1’ dEIisabeth Norway Research Fellow May 2013-Apr. 2017 RCN 100
Kassie, Addisu Mekonnen | Ethiopia Research Fellow Aug. 2011-Dec. 2017 Quota scheme 100
Kibaja, Mohamed Julius Tanzania Research Fellow Aug. 2014-Jul. 2017 Quota scheme 100
Krauer, Fabienne Switzerland Research Fellow Sep. 2016-Aug. 2019 Uio-IBV 33
Liliegren, Mikkel Norway Research Fellow Oct. 2012-Sep. 2016 Uio-IBV 75
Nater, Chloé Rebecca Switzerland Research Fellow Sep. 2015-Feb. 2019 Uio-IBV 100
mt‘r‘#g: Sood Tanzania Research Fellow Aug. 2012-Jun. 2015 Quota scheme 100
Nilsson, Pernille Norway Research Fellow Aug. 2013-Jun. 2018 Uio-IBV 100
Reinar, William Brynildsen | Norway Research Fellow Aug. 2016-Aug. 2020 Uio-IBV 38
Riiser, Even Sannes Norway Research Fellow Oct. 2014-Sep. 2017 Uio-1BV 100
Romagnoni, Giovanni Italy Research Fellow Sep. 2011-Sep. 2016 NORDFORSK 54
Solbakken, Monica H. Norway Research Fellow i;r: 228113_ RCN-CoE 29
\?\;:et;t;erud, Marlene Norway Research Fellow Jan. 2016-Jan. 2019 RCN 100
Seetre, Camilla Lo Cascio | Norway Research Fellow Aug. 2016-Aug. 2020 Uio-IBV 33
Toljagi¢, Olja Serbia Research Fellow Sep. 2013-Aug. 2017 Uio-IBV 100
Trier, Cassandra N. USA Research Fellow Sep. 2012-Jun. 2017 Uio-IBV 100
Tarresen, Ole Kristian Norway Research Fellow Sep. 2011-Jul. 2016 Uio-IBV 100
Varadharajan, Srinidhi India Research Fellow Sep. 2014-Sep. 2018 Uio-IBV 100
Winter, Anna-Marie Germany Research Fellow Sep. 2014-Sep. 2017 NORDFORSK 100
Worku, Ejigu Alemayehu | Ethiopia Research Fellow Aug. 2014-Jul. 2017 Quota scheme 100




Research Assistants

Nationality

Position

Period

Funding 2016

CEES
share (%)

Bahlk, Sunniva Helene Norway Research Assistant Feb. 2016-Jul. 2016 CEES 21
Botvar, Ole Henrik Norway Research Assistant Mar. 2016-Dec. 2016 CEES/RCN-IMR 10
Byrkjeland, Ragna Norway Research Assistant Jan. 2016 CEES 0.2
Enevoldsen, Emily Louise Gilbert Norway Research Assistant Aug. 2016-Apr. 2017 CEES/RCN 10
Gondek, Agata Teresa Poland Research Assistant Jan. 2016-Apr. 2017 g::ei/:gﬁ Iizg d 100
Hagelin, Jon Valbjern Norway Research Assistant Apr. 2016-Sep. 2016 CEES 21
Heiberg, Hallvard Norway Research Assistant Apr. 2016 CEES 2
Hoff, Siv Nam Khang Norway Research Assistant Oct. 2016-Jan. 2017 CEES/RCN-CoE 21
Kersten, Oliver Germany Research Assistant Jun. 2016-May 2017 CEES/ERC 58
Mjenes, Caroline Skar Norway Research Assistant Jul. 2016-Oct. 2016 CEES/RCN 13
Noordzij, Hanna Theodora Research Assistant Jul. 2016-Oct. 2016 CEES/RCN 13
Paus-Knutsen, Julie Serlie Norway Research Assistant Sep. 2016 CEES 2
Skau, Lars Fredrik Norway Research Assistant Jun. 2015-Mar. 2016 CEES/RCN-IMR 29
Stigum, Vetle Malmer Norway Research Assistant May-Sep. 2015 CEES/RCN 25
Valseth, Karoline Norway Research Assistant Jan. 2016-Jul. 2016 CEES/RCN-CoE 50
Walle, Eirik Norway Research Assistant Nov. 2016 CEES/RCN-IMR 7

Administrative and technical support staff

CEES
Nationality ‘ Position Funding 2016 share (%)

Bjornaes, Ane Mari Norway Senior Executive Officer | Aug. 2015-Sep. 2017 RCN-CoE 67
Cunningham, Sari C. USA/Belgium Senior Adviser Mar. 2016-Apr. 2016 RCN-CoE 5

Gundersen, Gry Norway Senior Adviser Oct. 2007— Uio-IBV 100
Henriksen, Jostein Strand | Norway Executive Officer Feb. 2016 RCN 3

Herland, Anders Norway Staff Engineer Jan. 2008- Uio-IBV 100
Jentoft, Sissel Norway gﬁr;iic:r Adviser & Deputy Jun. 2009-Sep. 2017 RCN-CoE 100
Kollias, Spyridon Greece Head Engineer Dec. 2014-Dec. 2017 RCN 83
Mazzarella, Anna V. B. USA Higher Executive Officer | Oct. 2014-Jun. 2018 RCN/NORDFORSK 100
Nederbragt, Alexander | ("® | Senior Engineer Oct. 2007- UI0-IBV 80
Nerli, Emelita R. Norway Senior Engineer Oct. 2007~ Uio-IBV 50
Nicolas, Delphine C. France Senior Executive Officer | Mar. 2014-Nov. 2017 RCN-CoE/UiO-IBV 58
ziﬂggﬁk’ Kjell Erik Sweden Senior Engineer Apr. 2008-Nov. 2017 RCN 100
Rygg, Kari B. Norway Senior Adviser May 2008- uio-IBV 100
Skage, Morten Norway Senior Engineer May 2008- Uio-1BV 100
Skau, Lars Fredrik Norway Executive Officer Jan. 2016-Apr. 2016 RCN-CoE 5

Steen, Nanna W. Norway Staff Engineer Oct. 2007- uio-IBV 100
Tokstad, Jenny H. UK Senior Executive Officer | Feb. 2016-Sep. 2017 RCN-CoE/MSCA-ITN 79
Tooming-Klunderud, Ave | Norway Senior Engineer Feb. 2011- Uio-IBV 100
Wallem, Tore Norway Adviser Dec. 2007- RCN-CoE 100
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Guests of CEES

Long-term research visits (more than one month)

Nationality ‘

Home institution

Period

Argany, Sergio Magallanes Spain University of Extremadura, Spain Sep.-Oct. 2016
Bailey, Richard lan UK University of Oslo, Norway Jan.-May 2016
Bramanti, Barbara Italy University of Ferrara, Italy Oct. 2015-Dec. 2016
Carneiro, Diana Portugal mzmmr:!l/History Museum, University of Oslo, Jan. 2015-Jan. 2019

Feb.-Mar. 2016
Durrant, Brad Australia

Jul.—Aug. 2016
Fashing, Peter USA California State University, Fullerton, USA Aug. 2015-Aug. 2016
Fortelius, Mikael Finland University of Helsinki, Finland Jan.-Dec. 2016
Ghorbani, Atefeh Iran Memorial University, Canada Aug.-Nov. 2016
Helberg, Morten Norway University of Oslo, Norway Jan.-Dec. 2016
Holt, Rebecca Norway University of Bergen, Norway Jun. 2016-Jul. 2017
Hunter-Thomson, Kristin Irene USA Rutgers University, USA Aug.—Oct. 2016
Labra Lillo, Antonieta Chile Universidad de Chile, Chile Jan. 2015-Dec. 2016
Langangen, @ystein Norway VISTA project Jan. 2015-Aug. 2016
Motes-Rodrigo, Alba Spain University of Lindképing, Sweden Oct.—Dec. 2016
Nguyen, Nga USA California State University, Fullerton, USA Aug. 2015-Aug. 2016

Omelchenko, Dmytro

Czech Republic

Charles University, Czech Republic

Feb.—Jul. 2016

Dalhousie University, Halifax, Canada, and

Japan

Oomen, Rebekah Canada Institute of Marine Research, Fladevigen, Norway Feb~Dec. 2016
Ottesen, Vibeke Norway Jan.-Dec. 2016
Pinsky, Malin USA Rutgers University, USA Aug.—Oct. 2016
Rinaldo, Natascia Italy University of Ferrara, Italy Jul.-Aug. 2016
Rowe, Melissah Australia Natural History Museum, University of Oslo, Jan. 2015-Dec. 2016
Norway
Runemark, Anna Sweden University of Lund, Sweden Jan. 2015-Dec. 2016
Schaffer, Benjamin USA Princeton University, USA Aug.-Oct. 2016
Tsuboi, Masahito Japan The Graduate University for Advanced Studies, Feb. 2016-Mar. 2019




Short-term guests (more than one week, less than one month)

Nationality Home institution Period

Bardarson, Hlynur Iceland Marine Academic Research in Iceland, Iceland Jun. 2016
Butler, Will UK Jun. 2016
Byrne, Conor UK University of Iceland, Iceland Apr. 2016
Coissac, Eric Ludovic Marie France University Grenoble Alpes, France Dec. 2016
Colwell, Jack USA Sep. 2016
Colwell, Rita USA University of Maryland, USA Sep. 2016
Corina, Tarnita USA Princeton University, USA Aug.-Sep. 2016
Davidsdottir, Brynhildur Iceland University of Iceland, Iceland Jun. 2016
Earle, Sylvia Alice USA Jun. 2016
Edwige, Louise Odette Bellier Canada The Arctic University of Norway, Norway ‘,{IL::/ 23112
Ferreira, Sofia Portugal Technical University of Denmark, Denmark Jun. 2016
Hansen, Brage Bremset Norway :gnrxzsian University of Science and Technology, Dec. 2016
Irvine, Robert Justin Charles UK James Hutton Institute, UK Dec. 2016
Kaandrorp, Jaap The Netherlands | University of Amsterdam, The Netherlands Nov. 2016
Kokkalis, Alexandros Greece Technical University of Denmark, Denmark Jun. 2016
Lagutov, Viktor Russia Central European University, Hungary Dec. 2016
Lenski, Richard USA Michigan State University, USA Feb. 2016
Lindroos, Marko Finland University of Helsinki, Finland Jun. 2016
Lundstrém, Maria Sweden Lindképing University, Sweden Jan. 2016
Macdonald, Jed Australia University of Iceland, Iceland Jun. 2016
Magnussen, Eydfinn Faroe Islands University of the Faroe Islands, Denmark Jun. 2016
Orlando, Ludovic Antoine France Natural History Museum of Denmark, Denmark Feb. 2016
Thorbjernsen, Susanne Norway University of Agder, Norway Jun.—Jul. 2016
Thorpe, Harry A. F. W. UK University of Bath, UK May-Jun. 2016
Weigel, Benjamin Germany Abo Akademi University, Finland jﬁ: gglg
Xingkun, Jin China East China Normal University, China Nov. 2016
Yletyinen, Johanna Finland Stockholm Resilience Centre, Sweden Jun. 2016
Zimmerman, Peter USA Case Western Reserve University, USA Feb. 2016
Zuk, Marlene USA University of Minnesota, USA Feb. 2016
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Research projects

RCN projects

Name Project leader Funding ‘ Start
Tracking Viking-assisted dispersal of biodiversity using ancient DNA Boessenkool, Sanne | RCN 2014 |2018
Sr?;r:]c;er interactions from plants and birds to humans: balancing the odds of climate Gusarova, Galina RCN 2016 | 2020
The evolution of defence systems: theory and experiment Holen, Qistein RCN 2016 |2019
Genetic variability in population responses of Atlantic cod to environmental change Hutchings, Jeffrey RCN 2014 |2016
Functional and comparative immunology of a teleost’s world without MHC I Jakobsen, Kjetill S. RCN 2013 | 2017
The Aqua Genome project Jakobsen, Kjetill S. RCN 2013 | 2017
Novel technlques'for seabed monitoring of CO, 'Ieakf';\ge and monitoring campaigns Jakobsen, Kjetill S. RCN 2014 | 2016
based on reservoir, cap rock and overburden migration models

The Norwegian Sequencing Centre — Phase Il Jakobsen, Kjetill S. RCN 2014 | 2016
Evolutionary and functional importance of simple repeats in the genome (REPEAT) Jakobsen, Kjetill S. RCN 2016 | 2021
Long-term effects of local scale OIL pollution on fish population and COMmunities in .

the Lofoten-Barents Sea systems (OILCOM) Langangen, Qystein | RCN 2016|2019
Phanerozoic diversification: linking observation and process Liow, Lee Hsiang RCN 2014 |2018
LAND: D_ellmltlng functional management units for partially migratory deer populations Mysterud, Atle RCN 2014 | 2017
(DeerUnit)

Ec<_)T|ck: La}nd use, cllmgte and tick-borne diseases in dynamic multi-host ecosystems: Mysterud, Atle RCN 2016 | 2019
estimated risk and experienced fear

Efnogeographnc and population analyses of Thermotogales bacteria from hydrocarbon- Nesbg, Camilla RCN 2008 | 2016
rich environments

Pollination; an ecosystem service affected by climate change (LAND) Nielsen, Anders RCN 2014 | 2017
Evglutlonary ecqlogy and hydrology - the effects of stream flow dynamics on the Nilsson, Anna RCN 2013|2016
white-throated dipper

On the role of hybridisation in evolution — the case of Eurasian Passer sparrows Seetre, Glenn-Peter RCN 2015 | 2018
Fisheries induced evolution in Atlantic cod investigated by ancient and historic Stenseth, Nils Chr. RCN 2011 2016
samples

Bringing together evolution and e_cology - Bringing together evolution and ecology Stenseth, Nils Chr. RCN 2012 | 2016
through the Red Queen Perspective

Strengthening the adaptive capacity of institutions in fisheries (ADCAP) Stenseth, Nils Chr. RCN 2012 | 2016
Behavioral responses to risk and uncertainty among Norwegian fishers (FishRisk) Stenseth, Nils Chr. RCN 2013 | 2016
Climate Changes and Zoonotic Epidemiology in Wildlife Systems (ZEWS) Stenseth, Nils Chr. RCN 2013 |2016
Red Queen coevolution in multispecies communities: long-term evolutionary .

consequences of biotic and abiotic interactions (ERC-Stenseth) Stenseth, Nils Chr. RCN 2013 12017
_Sustalnable management of renewable resources in a changing environment: an Stenseth, Nils Chr. RCN 2015 | 2018
integrated approach across ecosystems

Modelling microbial dynamics of the human infant gut Trosvik, Pal RCN 2014 | 2017
Applylng anew _derpographlc framework to underst_and and project consequences of Vindenes, Yngild RCN 2013 | 2016
climate change in size- and age-structured populations

Managing ecosystems in an increasingly variable world (ECOVAR) Vindenes, Yngvild RCN 2015 |2018
Dissecting evolutionary rates across time: Bridging micro-and macroevolution e

(DETERMINE) Voje, Kijetil RCN 2016 | 2019

| 56 |




Other public sector-based projects

Name

Seasonal to decadal Changes Affecting Marine Productivity: an

Project leader

Funding

interdisciplinary investigation (SCAMPI) Durant, Joél RCN/NERSC 2015 2017
CoDINA - Cod: Dlet and food web dyNAmics Durant, Joél RCN/IMR 2015 2019
Miljogifter i en urban fjord — provetaking gramake Helberg, Morten Miljodirektoratet 2015 2017
Miljggifter i en urban fjord 2016 Helberg, Morten NIVA 2016 2017
Adaptation or plasticity as response to !arge scalt_e translocations Jentoft, Sissel RCN/UIA 2014 2017
and harvesting over a climate gradient in the marine ecosystem?

Spisskompetanse inom marin och akvatisk ekologi och

genomforskning for uthallig férvaltning av fisk och skaldjur i Knutsen, Halvor INTERREG/IMR 2015 2018
Skagerrak — Kattegat — Oresund (MarGen)

Sjokoladens sate lille hemmelighet Nielsen, Anders RCN/NTNU 2016 2017
Norwegian Marine Data Centre (NMDC) Stenseth, Nils Chr. RCN/IMR 2012 2022
Produc':tlwty and -Resmence Enhancement of Exploited Fish Vollestad, Leif Asbjorn RCN/NMBU 2016 2021
stocks: an experimental approach (REEF)

Size-dependent anthropogenic perturbations — from genes to Vollestad, Leif Asbjrmn RCN/NMBU 2016 2020

ecosystems and back

Private sector-based projects

Name Project leader Funding

Genetisk bakgrunn hos ulv Canis lupus i Norge og Skandinavia Jakobsen, Kjetill S. ﬁl;cr)sgkegzrforeningen 2016 | 2016
Climate effects on harvested large mammal populations Mysterud, Atle CAS/DNVA 2015 | 2016
Queniyng e ety aspewimg PSSO O G | o
g‘r:/g?atj(%?gi?aﬂi2:“oafczlzﬁi%gv3:|$£m DNA to trace historic trade Star, Bastiaan Nansen/UNIFOR 2016 | 2017
I(\{Islg:;f:)des dynamics above and beneath the sea-surface Stenseth, Nils Chr. SNF 2015 | 2018
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International projects

Name Project leader Funding

S . Agricultural
The Hor.ses aqd Sheep of the Vllflngs. Archaeogenomics of Boessenkool, Sanne University of 2016 | 2020
Domesticates in the North Atlantic

Iceland

MedPI_ag — The medieval plagues:_ecology, transmission Bramanti, Barbara ERC EU 2013 | 2018
modalities and routes of the infections
678049 ERC NatCOOP - How nature affects cooperation in Diekert, Florian EU 2016 | 2021
common pool resource systems
MARine Management and Ecosystem Dynamics under climate .
change (H2020-MSCA-ITN 675997 MARmaED) Durant, Joél EU 2015 | 2019
TerMARlsk — A multidisciplinary approach to anticipate regime Eikseset, Anne Maria Nordforsk 2016 | 2017
shifts in ecosystems
Climate Qhange Effects on Marine Ecosystems and Resources Stenseth, Nils Chr. Nordforsk 2011 | 2016
Economics — TFI NCoE Programme
Green G.rowth basgd on Marine Resources: Ecological and Socio- Stenseth, Nils Chr. Nordforsk 2014 | 2017
Economic Constraints (GreenMAR)
Nordic-Russian Co-operation Programme in Higher Education Stenseth, Nils Chr, Nordforsk 2014 | 2017
and Research
Saving the endangered Bale monkey through protection of .
montane bamboo in the southern Ethiopian Highlands Stenseth, Nils Chr. PBNF 2016 | 2017
Workshops on the cumulative effects of the anthropogenic imprint Stenseth, Nils Chr. Nordforsk 2016 | 2017

of the Seas of Norden




Seminars with invited speakers

Friday seminars and Extra seminars

Finland

communities in spite of diverging functional
identities

Date
Name Home institution Title (Venue for all: Kristine
Bonnevie’s hus, Blindern)
John M. Fryxell University of Guelph, Human consumer-resource dynamics 15 January
Canada
Benjamin Weigel Abo Akademi University, Maintained functional diversity in benthic 29 January

Richard Lenski

Michigan State University,
USA

Dynamics of adaptation and genomic
evolution in a 60,000-generation experiment

11 February

Austria

our behaviour

Johan Héjesjo University of Gothenburg, | Behavioral tactics in salmonids; diurnal 18 February (co-organised
Sweden variation and implications of habitat with IBV)
complexity
Juan Bonachela University of Strathclyde, Eluding catastrophic shifts 26 February
Glasgow, Scotland
Elisabeth Oberzaucher University of Vienna, Homo Urbanus — How environments shape 4 March

Nancy Denslow

University of Florida,
Gainesville, USA

Combining Molecular Approaches with
Analytical Chemistry for Evaluation of
Contaminants

Peter Hodson

Queen’s University,
Kingston, Canada

Oil in Water: The Behaviour and
Environmental Impacts of Crude Oil Released
into Aqueous Environments

8 March (two part seminar
co-organised with AQUA)

diversity through deep time

Mikael Fortelius University of Helsinki, An ecometric analysis of the fossil mammal 30 March
Finland, and CEES, IBY, record of the Turkana Basin
University of Oslo, Norway

Mike Benton University of Bristol, UK Knowing the unknowable: form, function, and | 8 April

Martijn van de Pol

Netherlands Institute of
Ecology (NIOO-KNAW),
The Netherlands, and
Australian National
University, Australia

Behavioural responses to increasingly
frequent extreme climatic events

Callum Lawson

Netherlands Institute of
Ecology (NIOO-KNAW),
The Netherlands

Population responses to environmental
variation

15 April (two-part seminar)

and trout

Fabienne Krauer University of Bern, The Ebola epidemic in West Africa 2013- 27 April
Switzerland 2015 — estimation of local transmission and
quantification of population-level risk factors
David Houle Florida State University, What | learned from measuring a million fly 3 June
USA wings
Stephanie M. Carlson UC Berkeley, USA Eco-evolutionary dynamics in Pacific salmon 10 June

Robert M. Pringle

Princeton University, USA

The destruction and reconstruction of Africa’s
savanna ecosystems: large mammals as
ecological linchpins

2 September
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Jukka Corander

University of Helsinki,
Finland and University of
Oslo, Norway

100 years after William Bateson — what can
we learn about epistasis by today's statistical
machine learning?

9 September

Marcin Piwczyniski

Nicolaus Copernicus
University, Poland

Linking micro- and macroevolution: do genetic
constraints predict phenotypic divergence?

23 September

Malin Pinsky

Rutgers University, USA

Global change: how odd are the oceans?

14 October

Oscar Puebla

GEOMAR Helmholtz
Centre for Ocean
Research Kiel, Germany

Genomic islands in the Caribbean Sea

4 November

Jaap A. Kaandorp

University of Amsterdam,
The Netherlands

Modelling and analysis of growth and form of
branching scleractinian corals

25 November

D PDa D16 0 0 0 0OQ Q D
Name Home institution Title Date and venue
Nils Chr. Stenseth CEES, IBV, University of Introduction

Oslo, Norway

Richard Lenski

Michigan State University,
USA

Time travel in experimental evolution

Ludovic Orlando

Natural History Museum
of Denmark, University of
Copenhagen, Denmark

Tracking recent evolution with ancient
DNA

Peter Zimmerman

Case Western Reserve
University, Cleveland, Ohio,
USA

Malaria: Evolving beyond the barrier of
Duffy negative resistance

12 February 2016

Vilhelm Bjerknes hus, Aud.
5, Blindern, Oslo

Marlene Zuk University of Minnesota, USA | Crickets, diets and songs: adaptive signal

loss shows how evolution affects modern

life
Name Home institution Title Date and venue
Marlene Zuk University of Minnesota, Paleofantasy: What evolution tells us about 13 February 2016

USA

the way we eat and live

Litteraturhuset (The House
of Literature), Oslo




Name

Home institution

Title

Date and venue

Nils Chr. Stenseth

CEES, IBV, University of

Introduction and presentation of the final

Oslo, Norway NorMER Report
Sylvia A. Earle USA Exploring the Deep Frontier
HSH Prince Albert Monaco International cooperation to address global

Il of Monaco (Video
presentation)

marine issues

Simon Levin (Video
presentation)

Princeton University, USA,
and member of the NorMER
Centre Advisory Panel

Nordic marine research

James Hurrell (Video
presentation)

National Center for
Atmospheric Research USA

Honoring Fridtjof Nansen

Brynhildur Davidsdottir

NORDSTAR Leader/
University of Iceland, Iceland

NorMER and Beyond the added Nordic
value

Anne Maria Eikeset

CEES, IBV, University of
Oslo, Norway

Marine research: A Broader Context and Life
Sciences

Jostein Sundet

NordForsk

How the Nordic Region Aims to Meet Global
Challenges

Ole Petter Ottersen, Rector

University of Oslo, Norway

Carrying the legacy of Nansen at UiO

Siri Lill Mannes

Panel discussion chaired by Siri Lill Mannes

20 June 2016

Gamle Festsal, Domus
Academica, Karl Johans
gate 47, Oslo

Home institution

Title

Date and venue

Ragnhild Helene Hennum,
Pro-Rector

University of Oslo, Norway

Introduction

Corina E. Tarnita

Princeton University, USA

The geometry of ecosystems in a changing
world

Jan M. Nordbotten

University of Bergen,
Norway

The unknown unknowns: Communicating
scientific uncertainty

2 September 2016

Helga Eng'’s hus, Aud. 1,
Blindern, Oslo
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Name Home institution Title Date and venue
Dag Hessen IBV, University of Oslo, Introduction to the C-value paradox

Norway
Grace Wyngaard James Madison University, Programmed DNA Elimination in Copepods:

USA

A Complex Picture of Transposable
Elements, Genes, and Short Simple Repeats

Kristian Alfsnes

Norwegian Institute of
Public Health, Norway

Phylogeny and genome size in arthropods

Martin Malmstrogm

CEES, 1BV, University of
Oslo, Norway

The role of transposon silencing in genome
miniaturization

27 September 2016

Kristine Bonnevie’s hus,
Blindern, Oslo

William Brynildsen Reinar

CEES, IBV, University of
Oslo, Norway

Transposable elements in teleost fish




PhD thesis defences

Kim Magnus Beerum. 19 February. Climate-driven popula-
tion responses of resident brown trout, Salmo trutta: Trends
and future projections. Supervisors: Thrond Oddvar Hau-
gen, L. Asbjorn Vollestad and Peter Kiffney.

Elin Serhus. 7 March. Crude oil and its high toxic effect on
early life stages of Atlantic haddock - to the heart of the prob-
lem. Supervisors: Sissel Jentoft, Rolf Brudvik Edvardsen,
Nils Chr. Stenseth and Alexander Nederbragt.

Monica Hongre Solbakken. 11 October. Evolutionary and
functional insight into the teleost immune system - lessons
learned from Atlantic cod and other teleosts. Supervisors:
Kijetill S. Jakobsen, Sissel Jentoft, Tone F. Gregers and
Oddmund Bakke.

In addition, a guest researcher at CEES defended her the-
sis at the Department of Psychology, Faculty of Social
Sciences:

Vibeke Ottesen. 16 June. An evolutionary psychological
analysis of filicide in Norway. Supervisors: Anne Inger
Helmen Borge (main supervisor) and Tore Slagsvold.

Awards and Prizes

The following people were recognised in 2016, with
awards or other distinctions.

Sanne Boessenkool was awarded the Darwin Prize for
outstanding research within the field of evolutionary
biology. The award was presented at the department’s
annual Christmas party.

R. Adriana Hernandez-Aguilar received the Beca Flo-
quet de Neu (Snowflake Grant) from the Barcelona Zoo
Foundation. The grant will fund her research project on
“Assessing the spatiotemporal availability and quality of
chimpanzee foods in a dry, open and seasonal habitat”.
She is the Principal Investigator on this project.

Melissah Rowe received a research grant of 50 ooo
NOK from Nansenfondene (the Nansen Foundation).
In addition, she was awarded the Kristine Bonnevie
travel stipend for a research stay abroad, by the Fac-
ulty of Mathematics and Natural Sciences at UiO.

Nils Chr. Stenseth was elected a member of the Russian
Academy of Sciences, as a foreign associate. He is cur-
rently the only Norwegian scientist who is a member of
the Russian, French and American academies of science.

Lee Hsiang Liow and her co-collaborator were awarded
the Peder Sather Grant for their research proposal on
“Dissecting the timing, ecological signature, and envi-
ronmental context of the largest biodiversification in
Earth history”.

Two of our PhD students were also recognised in 2016.
Franziska Franeck received a National Geographic Young
Explorers Grant to support her fieldwork on Svalbard.
In addition, Leonie Firber won an Early Career Scientist
Award for Best Poster from the International Council for
the Exploration of the Sea (ICES), during its Annual Sci-
ence Conference.

Missing from the 2015 Annual Report

Three people were accidentally left out of the previous
report. Nanna W. Steen received the Frode Olsgards Me-
morial Prize, for her work within health, safety and the
environment (HSE). Jo Skeie Hermansen was awarded
the King's Gold Medal for his doctoral dissertation on
speciation by hybridisation in Passer sparrows. Last, but
not least, Nils Chr. Stenseth was elected a member of the
National Academy of Sciences (Washington, D.C., USA),
as a foreign associate.
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Production

Contributors affiliated with CEES in bold.

Articles in peer-reviewed journals

Adams, B. K., Cote, D., Hutchings, . (2016) A genetic
comparison of sympatric anadromous and resident At-
lantic salmon. Ecology of Freshwater Fish, 25 (2), 307-317.

Aguilar, M., Richardson, E., Tan, B., Walker, G., Dunfield,
P. F, Bass, D., Nesbo, C. L., Foght, [., Dacks, ]. B. (2016)
Next-generation sequencing assessment of eukaryotic
diversity in oil sands tailings ponds sediments and sur-
face water. Journal of Eukaryotic Microbiology, 63 (6), 732-
743-

Ajani, P. A., Armbrecht, L. H., Kersten, O., Kohli, G. S.,
Murray, S. A. (2016) Diversity, temporal distribution and
physiology of the centric diatom Leptocylindrus Cleve
(Bacillariophyta) from a southern hemisphere upwelling
system. Diatom Research, 31 (4), 351-365.

André, C., Svedang, H., Knutsen, H., Dahle, G., Jonsson, P,,
Ring, A.-K., Skold, M., Jorde, P. E. (2016) Population struc-
ture in Atlantic cod in the eastern North Sea-Skagerrak-
Kattegat: early life stage dispersal and adult migration.
BMC Research Notes, doi: 10.1186/513104-016-1878-9.

Ataabadi, M. M., Kaakinen, A., Kunimatsu, Y., Nakaya,
H., Orak, Z., Paknia, M., Sakai, T., Salminen, |., Sawada,
Y., Sen, S., Suwa, G., Watabe, M., Zaree, G., Zhaoqun, Z.,
Fortelius, M. (2016) The late Miocene hominoid-bearing
site in the Maragheh Formation, Northwest Iran. Palaeo-
biodiversity and Palaeoenvironments, 96 (3), 349-371.

Atickem, A. M., Cooper, D., Kock, R., Rueness, E. K., Fish-
er, M., Bekele, A., Loe, L. E., Stenseth, N. C. (2016) Immo-
bilization of Mountain nyala (Tragelaphus buxtoni) in the
Bale Mountains, Ethiopia. Gnusletter (online), 33 (2), 6-7.

Austrheim, G., Speed, |. D. M., Evju, M., Hester, A., Hol-
and, @., Loe, L. E., Martinsen, V., Mobak, R., Mulder, T,
Steen, H., Thompson, D. B. A., Mysterud, A. (2016) Syn-
ergies and trade-offs between ecosystem services in an
alpine ecosystem grazed by sheep - an experimental ap-
proach. Basic and Applied Ecology, 17 (7), 506-608.

Batista, S., Ozorio, R., Kollias, S., Dhanasiri, A., Lokesh,
I., Kiron, V., Valente, L. M. P., Fernandes, ]. (2016) Chang-
es in intestinal microbiota, immune- and stress-related
transcript levels in Senegalese sole (Solea senegalensis)
fed plant ingredient diets intercropped with probiotics
or immunostimulants. Aquaculture, 458, 149-157.
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Berg, P. R,, Star, B., Pampoulie, C., Sodeland, M., Barth, .
M. I, Knutsen, H., Jakobsen, K. S., Jentoft, S. (2016) Three
chromosomal rearrangements promote genomic diver-
gence between migratory and stationary ecotypes of At-
lantic cod. Scientific Repotts, 6, 1-12.

Blanco Gonzalez, E., Knutsen, H., Jorde, P. E. (2016) Habi-
tat discontinuities separate genetically divergent popula-
tions of a rocky shore marine fish. PLoS ONE, doi: 10.1371/
journal.pone.o163052.

Boessenkool, S., Hanghoj, K., Nistelberger, H. M., Der
Sarkissian, C., Gondek, A. T., Orlando, L., Barrett, |. H.,
Star, B. (2016) Combining bleach and mild pre-digestion
improves ancient DNA recovery from bones. Molecular
Ecology Resources, doi: 10.1111/1755-0998.12623.

Beerum, K. M., Vellestad, L. A., Kiffney, P., Remy, A. M. ],
Haugen, T. O. (2016) Population-level variation in juve-
nile brown trout growth from different climatic regions
of Norway to an experimental thermal gradient. Environ-
mental Biology of Fishes, 99, 1009-1018.

Chacon, A. F.,, Moland, E., Espeland, S. H., Kleiven, A. R.,
Olsen, E. M. (2016) Causes of mortality in depleted popu-
lations of Atlantic cod estimated from multi-event mod-
elling of mark-recapture and recovery data. Canadian
Journal of Fisheries and Aquatic Sciences, 74 (1), 116-126.

Cortesi, F., Musilova, Z., Stieb, S. M., Hart, N. S., Siebeck,
U. E., Cheney, K. L., Salzburger, W., Marshall, N. ]. (2016)
From crypsis to mimicry: changes in colour and the con-
figuration of the visual system during ontogenetic habi-
tat transitions in a coral reef fish. Journal of Experimental

Biology, 219 (16), 2545-2558.

Cramer, E. R. A, Stensrud, E., Marthinsen, G., Hogner, S.,
Johannessen, L. E., Laskemoen, T., Eybert, M.-C., Slags-
vold, T., Lifjeld, J. T., Johnsen, A. (2016) Sperm perfor-
mance in conspecific and heterospecific female fluid.
Ecology and Evolution, 6 (5), 1363-1377.

Cristofari, R., Bertorelle, G., Ancel, A., Benazzo, A., Le
Maho, Y., Ponganis, P. ]., Stenseth, N. C., Trathan, P. N,
Whittington, |., Zanetti, E., Zitterbart, D. P., Le Bohec, C.,
Trucchi, E. (2016) Full circumpolar migration ensures
evolutionary unity in the Emperor penguin. Nature Com-
munications, doi: 10.1038/ncomms11842.

Di Martino, E., Taylor, P. D., Gordon, D., Liow, L. H.
(2016) On Powellithecidae fam. nov., a new Pliocene to
Recent bryozoan family endemic to New Zealand, with




the description of Powellitheca gen. nov. (Bryozoa, Chei-
lostomata). European Journal of Taxonomy, doi: 10.5852/
ejt.2016.207.

Diekert, F. K., Nieminen, E. (2016) International fisheries
agreements with a shifting stock. Dynamic Games and Ap-
plications, doi: 10.1007/813235-016-0184-4.

Diekert, F. K., Richter, A. P., Rivrud, I. M., Mysterud, A.
(2016) How constraints affect the hunter’s decision to
shoot a deer. Proceedings of the National Academy of Sci-
ences of the United States of America, 113 (50), 14450-14455.

Edeline, E., Groth, A., Cazelles, B., Claessen, D., Winfield,
I. ]., Ohlberger, |. P., Vollestad, L. A., Stenseth, N. C., Ghil,
M. (2016) Pathogens trigger top-down climate forcing on
ecosystem dynamics. Oecologia, 181, 519-532.

Eikeset, A. M., Dunlop, E., Heino, M. P., Storvik, G. O.,
Stenseth, N. C., Dieckmann, U. (2016) Roles of density-
dependent growth and life history evolution in account-
ing for fisheries-induced trait changes. Proceedings of the
National Academy of Sciences of the United States of America,

113 (52), 15030-15035.

Ergon, T., Ergon, R. (2016) When three traits make a
line: evolution of phenotypic plasticity and genetic as-
similation through linear reaction norms in stochastic
environments. Journal of Evolutionary Biology, doi: 10.1111/
jeb.13003.

Eroukhmanoff, F., Rowe, M., Cramer, E. R. A., Haas, F,
Hermansen, |. S., Runemark, A., Johnsen, A., Seetre, G.-P.
(2016) Experimental evidence for ovarian hypofunction
in sparrow hybrids. Avian Research, doi: 10.1186/s40657-
016-0038-1.

Falahati-Anbaran, M., Stenoien, H. K., Bolstad, G. H.,
Hansen, T. F., Pérez-Barrales, R., Armbruster, W. S., Pela-
bon, C. (2016) Novel microsatellite markers for Dalecham-
pia scandens (Euphorbiaceae) and closely related taxa:
application to studying a species complex. Plant Species
Biology, doi: 10.1111/1442-1984.12142.

Fashing, N. ]., Ueckermann, E. A., Fashing, P., Nguyen,
N., Back, A. M., Allison, L. A. (2016) Bryobia abyssiniae
(Prostigmata: Tetranychidae), a new species from the
highlands of Ethiopia. International Journal of Acarology,
42 (7), 366-376.
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Fountain, T., Ravinet, M. S. P., Naylor, R., Reinhardt, K.,
Butlin, R. K. (2016) A linkage map and QTL analysis for
pyrethroid resistance in the bed bug Cimex lectularius. G3:
Genes, Genomes, Genetics, 6, 4059-4066.

Frank, [. A., Pan, Y., Tooming-Klunderud, A., Eijsink, V.,
McHardy, A. C., Nederbragt, A. |., Pope, P. (2016) Im-
proved metagenome assemblies and taxonomic binning
using long-read circular consensus sequence data. Scien-
tific Reports, doi: 10.1038/srep25373.

Feehn, T., Isaksen, E. T. (2016) Diffusion of climate tech-
nologies in the presence of commitment problems. En-
ergy Journal, 37 (2), 155-180.

Gante, H. F., Matschiner, M., Malmstrom, M., Jakobsen,
K. S., Tentoft, S., Salzburger, W. (2016) Genomics of spe-
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Lake Tanganyika. Molecular Ecology, 25 (24), 6143-6161.

Giuffra, V., Montella, A. C., Bianucci, R., Milanese, M.,
Tognotti, E., Caramella, D., Fornaciari, G., Bandiera, P.
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Testing classical species properties with contemporary
data: how “bad species” in the brassy ringlets (Erebia tyn-
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ogy, 65 (2), 292-303.
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M., Vellestad, L. A. (2016) Male biased sexual size dimor-
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