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CBD in short

The aim of CBD is to produce research that will improve our ability to predict how changes in the environment 

(e.g. caused by different forms of human activities) affect the biological diversity at different organismic levels 

(gene, species and community). Our vision is to identify general principles and patterns which can be used to 

explain variation in biological diversity from some basic properties of the systems. We will achieve this goal 

by a cross-disciplinary approach that integrates model development (focusing on stochastic effects), in-depth 

analyses of the dynamics of biological diversity in time and space in carefully selected study systems and 

comparative analyses of extensive data sets.

CBD is organized into three different research areas: (1) population ecology, (2) evolutionary biology and (3) 

community dynamics. The overall approach is to implement stochastic models of single-species population 

dynamics into theories describing phenotypic evolution and community dynamics in fluctuating environments.
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1. Management and administration

CBD is organized as a separate research centre analogue 
to a department with Faculty of Natural Science as 
host faculty. CBD involves collaborations between two 
partners: NTNU and the Norwegian Institute for Nature 
Research (NINA). Management of the centre is run by the 
Centre Director (Sæther) together with the Deputy Centre 
Director (Engen) and the Centre Coordinator (Johnsen). 
The organizational structure of the centre is flat. The 
operational unit of CBD is the research groups belonging 
to CBD’s core members, who are researchers with faculty 
positions at NTNU or positions as senior researchers at 
NINA.  A Steering board including members from each of 
the involved faculties at NTNU (including the Museum), 

NINA and the Norwegian Environment Agency oversees 
that activity at CBD is operated according to the project 
description funded by the Research Council of Norway. 
A central task for the Steering board is also to promote 
the collaboration among the different departments and 
to integrate in CBD relevant research at NINA that can 
be important for achieving the scientific goal of CBD. The 
Scientific Advisory Board consisting of 6 internationally 
leading scientists contributes to develop a strategy for 
the scientific development of the centre, facilitating the 
leadership to achieve the scientific aims.  SAD is also 
heavily involved in implementing appropriate means of 
actions to fulfil the strategy plan and act as external 
advisors for the management of CBD. 

Management structure
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Comments by the Chair

The Board and the Scientific Advisory Board of CBD

CENTRE OF BIODIVERSITY DYNAMICS (CBD) is the 
first and only centre of excellence hosted by Faculty of 
Natural Science and Technology at NTNU. Topically, the 
centre is in the core of NTNUs vision “Knowledge for a 
better world” and the ambition of the faculty to support 
this vision through its research groups. Excellence in 
science, manifested by the research accomplishments of 
CBD, is an integral element of this strategy. Furthermore, 
CBD is a major backbone of our university strategic 

thematic area “Sustainability”.  For 
CBD, 2014 has been a year of centre 
consolidation and outstanding 
scientific achievements. The progress 
of this research environment is of 
great inspiration to our students and 
scientific personnel. We are foreseeing 
new highlights from CBD in the years 
to come.

Anne Borg
Decan, NT-Faculty
Chair Board

From the left: Geir Øien, Reidar Andersen, John Fryxell, Norunn S. Myklebust, Robert O’Hara, Jean-Michel Gaillard, Marcel E. Visser, Anne Borg, Ben C. 
Sheldon, Bernt Erik Saether and Steve Beissinger.



5www.ntnu.edu/cbd

CENTRE FOR BIODIVERSITY DYNAMICSNTNU

SUMMARY of main activities

CENTRE OF BIODIVERSITY DYNAMICS (CBD) opened 
on July 1 2013. The main focus for the activity during the 
first 1.5 year of activity has been to establish a research 
environment in which multi-disciplinary research 
collaboration is encouraged, in particular bridging the 
gap between biology, mathematics and statistics. This 
has been achieved by running weekly lunch- seminars, 
organizing seminars and workshops on problems 
attracting both biologists and people with a mathematical 
focus as well as facilitating establishment of informal 
meeting areas. The areas provided by NTNU located in 
the eastern part of the Natural Science Building have 
been instrumental for facilitating such interactions.

In 2013 CBD included 13 core members (permanent 
staff) at NTNU (9 professors/associate professors)  at the 
Department of Biology, Faculty for Natural sciences and 
Technology, 3 professors at Department of Mathematical 
Sciences, Faculty of Information Technology, 
Mathematics and Electrical Engineering and 1 professor 
at the University Museum) and 4 core members at NINA. 
In addition, 6 persons were employed as researchers 
on externally financed projects. In 2014 2 of those were 
hired as associate professors at the Department of 
Biology and were then included as core members of the 
CBD. The core members are involved in teaching and in 
supervising of MSc- and PhD-students and are together 
with the steering board instrumental for coordinating 
and integrating the work at CBD with the activities of the 
institutions involved.    

An important challenge in this first period of CBD has 
been to recruit new staff to the centre. Our strategy has 
been to search for people internationally, resulting in the 
hiring of Otso Ovaskainen as professor (60 % position) 
and core member of the CBD,  2 French post docs and 1 
PhD-student. By the end of 2014 13 PhD-students and 12 
post docs were employed by CBD.  

Much of the scientific focus during these first years of 
CBD has directed towards problems in evolutionary 
biology (Research Area 2). For instance, the opening 
conference of the centre October 14-16 2013 focused 
on themes such as phenotypic evolution, estimating of 
selection in fluctuating environments, the importance 
of genetic drift and evolutionary rescue in changing 
environments. The talks on this conference were given 
by specially invited lecturers, members of the Scientific 
Advisory Board and researchers at CBD.

Another workshop in evolutionary biology entitled 
‘Evolution in Stochastic Environments’ was organized 

in January 13-15th 2014 by the core 
member Jonathan Wright. This 
workshop was aimed at under
standing the effects of unpredictable 
spatial and temporal environmental 
variation on evolution (i.e. in the 
context of variable population 
dynamics), and more specifically 
the nature of adaptive responses to 
such environmental stochasticity. 
The workshop invovled lectures and 
discussion sessions provided by Prof Philip Crowley 
(Kentucky, USA), Dr Aviv Brokman (Kentucky, USA), Prof 
Steinar Engen (CBD), Prof Dustin Rubenstein (Columbia, 
USA), Dr Irja Ratikainen (CBD), Dr Sean Ehlman 
(UCDavis, USA) and Prof David Westneat (Kentucky, 
USA). The workshop generated lots of interesting and 
illuminating discussions, mostly concerning theoretical 
issues around bet-hedging and reconciling the various 
recent models being developed by the participants and 
others.

Some of the research at CBD in evolutionary biology was 
presented by three papers in issue of the Philosophical 
Transaction of the Royal Society entitled “Integrated 
phenotypes: understanding trait covariation in plants and 
animals” published in July 2014. In these contributions, 
it was shown that genetic correlations could represent 
serious constraints to phenotypic evolution by favoring 
specific directions of evolution.

A central focus for CBD is to maintain the continuity of 
field and laboratory studies that are critical for validating  
models describing dynamical changes in biological 
diversity. One of the most comprehensive of those is 
the study of the dynamics of a metapopulation of house 
sparrows at the coast off Helgeland that has been 
running on a large number of islands since 1993.  
An important contribution in 2014 for linking ecological 
and evolutionary dynamics in this study system was 
the development of advanced statistical techniques 
to estimate the effect of genes for observed variation 
in different types of traits and the availability of new 
genomics tools for analyzing genetic dynamics in these 
house sparrow populations. Emphasis was also made 
on experimental manipulations of key evolutionary 
processes in house sparrows, such as selection 
experiments on basal metabolic rates and manipulations 
of effective population sizes through changes of the 
social structure.

Another long-term field study at the CBD is the collection 
of individual based demographic data of the moose 

Bernt-Erik Sæther
Director CBD
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at island of Vega in northern Norway, which has been 
running since 1992. An important milestone in this study 
was that detailed pedigrees of the relatedness among 
almost all individuals that have been or are still alive on 
this island became available. This has facilitated detailed 
analyses of factors affecting the genetic structure 
and phenotypic selection on different fitness-related 
characters in this population of moose.      

Researchers at CBD have previously documented that 
expected changes in climate will strongly affect the 
trophic interactions among vertebrates in high Arctic 
ecosystems. The study of the dynamics of Svalbard 
reindeer was continued in 2013 and 2014, especially 
focusing on a mechanistic understanding of how extreme 
climate events are likely to affect the dynamics of 
reindeer populations.

In order to understand how organisms respond to 
changing environmental conditions a laboratory 
study system involving ca. 30 genetically unique 
clones of Daphnia (water fleas) collected from the 
wild was established in 2013. Waterfleas have many 
characteristics that make them particularly suitable 

for such studies, including dependence of one easily 
manipulated environmental factor, temperature, clonal 
reproduction and a short generation time. The set-up 
allows quantification of the genetic variation in 
phenotypic responses to temperature treatments (i.e. 
thermal reaction norms) and estimates of population 
dynamics parameters (growth rate and carrying 
capacity). This will provide information about the 
potential for evolutionary changes in reaction norms not 
only as a response to a change in temperature, but also 
in response to changes in population density. 

In 2013 and 2014 a focus at CBD was to strengthen 
and further develop links with other research groups 
both nationally and internationally. As a consequence, 
researchers at CBD co-published during the first 1.5 
years papers that included more than 20 international 
collaborators.

An appreciation of the research conducted at CBD was 
that the director and vice-director of CBD was awarded 
the Møbius-prize by the Research Council of Norway on 
September 18 2013.

Comments by the Scientific Advisory Board

THE SCIENTIFIC ADVISORY BOARD (SAB) of the  
Centre for Biodiversity Dynamics (CBD) met from 14-16 
October 2013 and 21-23 January 2015 in Trondheim to 
review the state of the centre and its accomplishments 
since the opening of CBD July 1 2013. During the visits  
SAB listened to  presentations of graduate- and postdoc-
students associated with CBD,  received reports from 
the CBD Director Professor Saether, and discussed the 
accomplishments and directions of the centre.

SAB was deeply impressed by the quality of the 
presentations by the younger scientists at the centre, 
the range of topics, and the gender and age diversity 
of presenters. Many of the presenters displayed a 
strong potential for a successful career in science. 
Particular progress has been achieved in the analysis 
of the dynamics of biological system under stochastic 
dynamics, with a goal of understanding general patterns 

that can be used to predict dynamics 
and patterns of biodiversity.

Based on these presentations and 
discussions with the leadership 
of CBD, the SAB concludes that 
important scientific progress is 
currently being made at CBD. 
Advances have been particularly 
strong on questions related to 
the interface between ecology 
and evolution. We expect some of the results to have 
important impacts for the future development of this 
entire field of research. The SAB concludes, without 
any doubts, that CBD is emerging as an internationally 
leading research centre at the interface of biology and 
mathematics.

Steven A. Beissinger
Professor
Chair of SAB 
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Questions

•	 How does the age-specific variation in the stochastic 
contributions to the population growth rate differ along 
the slow-fast continuum of life history variation?

•	 To what extent can age-specific variation in the 
contribution of different age-classes to the total density 
dependence affecting the population dynamics, be 
explained by the position of the species along the slow-
fast continuum of life history variation? 

•	 How can spatial patterns in the population dynamics be 
predicted from the species’ position along the slow-fast 
continuum of life history variation?

•	 How will expected changes in climate affect spatio-
temporal variation in population fluctuations? 

Achievements

•	 Dynamics of age-structured populations not subject 
to density regulation can be well described following a 
suggestion by R.A. Fisher by the temporal variation in 
the total reproductive  value of the population.

•	 Analyses of several long-term studies of the dynamics 
of bird and mammal populations showed that changes 
in population growth rates can be surprisingly well 
explained by basic species-specific life history 
characteristics.

The aim of RA1 is to develop and apply models to describe dynamics of populations in time and space in 
fluctuating environments.

House sparrows at the coast of Helgeland.

CENTRE FOR BIODIVERSITY DYNAMICSNTNU

2. Scientific Activity

Research Area 1: Population ecology
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No biome on Earth is subject to more rapid or 
pronounced climate change than the Arctic. In particular, 
winter climate is warming at unprecedented rates in 
many regions, possibly increasing the frequency of 
warm spells and rain-on-snow (ROS). Studying the 
ecological implications of extreme weather events 
such as ROS is inherently challenging, given their rarity 
and the poor spatiotemporal resolution of most Arctic 
time-series data. In a recent inter-disciplinary study 
led by CBD and published in Environmental Research 
Letters (Hansen et al. 2014), we took the advantage of 
an extreme warm spell and historical ROS amounts in 
high Arctic Svalbard in January-February 2012 in order 
to document the geophysical characteristics, spatial 
extent and implications for wildlife and society of such 
rare events. We showed that this two-week warm spell, 
with temperatures exceeding 7 °C and frequent rainfall 
(up to 100 mm in one single day), seriously affected snow 
conditions by causing numerous slush avalanches and 
solid ground-ice exceeding 20 cm thickness. Previous 
studies from CBD have shown that the ground-ice 
encapsulates most of the vegetation and hence “locks” 
the winter pastures for herbivores. Accordingly, the (in 
an international context) unique research infrastructure 
and availability of long-term time-series enabled us to 

demonstrate that this extreme climate event resulted 
in high die-offs in all the monitored wild reindeer 
populations (Fig. 1.).

The study in Environmental Research Letters has 
important implications for how we should model and 
predict ecological climate change effects on the tundra 
under future global warming. In particular, using state-
of-the-art downscaled climate scenarios and 100 years of 
weather data the study showed that the recent increase 
in winter temperatures and ROS in Svalbard (Fig. 2) will 
probably continue throughout the century. In only few 
decades, the average mid-winter temperatures in this 
high Arctic hotspot of climate change are likely to exceed 
0°C in occasional years (Fig. 3), suggesting increased 
likelihood for ROS events and thus more frequent icy 
winters. Another recent study published in Science by 
several researchers at CBD (Hansen et al. 2013) provides 
strong indications that this may directly or indirectly 
affect the dynamics of the whole tundra ecosystem. 
Based on population monitoring data, the study 
demonstrated that occasional rainy and icy winters force 
the long-term population dynamics of all overwintering 
herbivore species (wild reindeer, rock ptarmigan and 
sibling vole) into cross-species synchrony, probably due 

Brage Bremset Hansen

Figure 1. Mortality rates were high in all the monitored populations of wild 
Svalbard reindeer in the extremely rainy and icy winter 2011-12. From Hansen 
et al. (2014). Photo: Eva Fuglei, Norwegian Polar Institute

Figure 2. Changes in winter rain-on-snow (ROS) amounts in Svalbard. From 
Hansen et al. (2014).

ANNUAL REPORT 2014

An extreme rain-on-snow event and its implications  
for wildlife in high Arctic Svalbard
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to their common reduction in winter forage accessibility 
with delayed effects on population growth. Because 
their shared predator and scavenger, the Arctic fox, 
largely relies on reindeer carcasses found on the tundra, 
its population dynamics follow the high-amplitude 
herbivore fluctuations with a time-lag. The Arctic fox also 
represents the main predator of migratory birds such as 

geese, and one plausible hypothesis is that major ROS 
events may cascade throughout the entire food-web 
in this simple trophic system. Clearly, changes in the 
frequency of mild, rainy and icy winters, as predicted by 
Hansen et al. (2014), can seriously impact the ecosystem 
dynamics on the Arctic tundra. 

FURTHER READING:

Hansen BB, Isaksen K, Benestad R, Kohler J, Pedersen ÅØ, Loe 
LE, Coulson SJ, Larsen JO and Varpe Ø (2014). Warmer and 
wetter winters: characteristics and implications of an extreme 
weather event in the High Arctic. Environmental Research 
Letters 9: 114021.

Hansen BB, Grøtan V, Aanes R, Sæther B-E, Stien A, Fuglei E, 
Ims RA, Yoccoz NG and Pedersen ÅØ (2013). Climate events 
synchronize the dynamics of a resident vertebrate community 
in the high Arctic. Science 339: 313-315.

Figure 3. Historical (black symbols) and projected average mid-winter tem-
peratures in Longyearbyen, Svalbard. Red area shows the spread between 108 
different GCM (Global Circulation Model) simulations, and the dashed lines 
indicate the 90% confidence interval. From Hansen et al. (2014).

Like most harvested populations, 
the moose population at Vega 
is also female biased. However, 
recent results show that this may 
have negative impacts processes 
such as inbreeding avoidance. The 
moose cow in the picture is a three 
year old female that have yet to 
breed successfully. P
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The concept of individual fitness Wi provided the 
foundation for Alan Robertson and George R. Price when 
they derived exact expressions for the change  Dz in 
mean phenotype z of N individuals during a time step  
( e.g. a year or generation), 

where Dz i is the mean difference between the phenotype   
zi of individual i and that of its offspring, including the 
individual itself if it survives and wi = Wi / W is the relative 
fitness of individual i. The first term in this equation is 
the selection differential  S = cov(w, s). The second term 
is a transmission term generated by the difference in 
phenotypes between adults and their offspring. Thus, the 
Robertson-Price equation originally formulated using 
fitness across generations enables statistical analyses of 
how phenotypes respond to phenotypic selection and how 
this response is affected by changes in the environment 
(e.g. as a consequence of trophic interactions).

We decomposed the selection differential S into mean 
value and components due to demographic and environ

Steinar Engen and Bernt-Erik Sæther

A new wrapping of the classical  
Robertson-Price equations for phenotypic evolution

1 1( )( ) ( )iiii
ii

z W w z z w z
N N

= +

Questions

•	 How can the evolutionary response to selection on 
a quantitative character be decomposed into age-
specific components, accounting for demographic 
stochasticity?

•	 How does density-dependent selection affect 
phenotypic evolution in fluctuating environments? 

•	 Does the rate of phenotypic evolution in response to 
a change of the environment depend on the position 
of the species along the slow-fast continuum of life 
history variation?  

Achievements

•	 A method is developed based on a modification of the 
Price-Robertson equations for evolution of quantitative 
characters that enables us to partition selection into 
age-specific components due to demographic and 
environmental stochasticity.   

•	 A theory is developed for phenotypic evolution by r- and 
K-selection in fluctuating environments

•	 Estimates are provided of age-specific components 
of selection on morphological characters of house 
sparrows.  

The aim of RA2 is to develop and apply models for phenotypic evolution in fluctuating environments.

Research Area 2: Evolutionary biology

mental stochasticity so that S = ES + DSe + DSd . 
This partitioning provides a direct link to one of the 
fundamental equations in quantitative genetics provided by 
Russell Lande, who showed that the response to selection 
on multivariate characters is R = GP-1 S, where S is a 
column vector denoting the selection differential, GP-1 is 
the heritability matrix and G and P is the additive genotypic 
and phenotypic covariance matrix, respectively.  Our 
partitioning of the covariance formulation of the selection 
differential originally provided by Alan Robertson in 1966 
shows that the response to fluctuating selection and 
random genetic drift is GP-1DSe and GP-1DSd , respectively. 
This provides an approach to separate the effects of 
selection due to random variation in individual fitness from 
fluctuating selection caused by environmental variation.   

Another advantage of this covariance approach in 
studies of selection is that it enables us to account 
for fluctuations in age-distribution, which can cause 
temporal changes in the mean phenotype that can 
mistakenly be interpreted as selection. We show that 
these fluctuations in the mean phenotype will disappear 
if reproductive value weighting is applied. Changes in 
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Figure 4. Selection differential within- and between-age classes for two 
morphological characters (body mass and tarsus length) of fledglings in a 
house sparrow population in northern Norway. The selection differential is 
calculated for the reproductive weighted mean (red solid line and circles), 
arithmetic mean (squares), mean of newborns (downward triangles), and mean 
of adults (upward triangles).

CENTRE FOR BIODIVERSITY DYNAMICSNTNU

any weighted mean phenotype in an age-structured 
population can then be decomposed into between- and 
within- age class components. An advantage of using 
reproductive value weighting is that the between-age 
class component becomes pure noise (Fig. 4), generated 
by previous genetic drift or fluctuating selection. This 
component, which we call transient quasi-selection, 
can therefore be omitted when estimating age-specific 
selection on fecundity or viability within age classes.

We illustrated the application of this approach analyzing 
selection on two morphological characters of fledglings 
of house sparrows: tarsus length and body mass (Fig. 4). 
Although this small passerine species has a relatively 
simple life history, failure to account for fluctuations 
in age-distribution will result in biased estimates of 
selection on these two characters. 

FURTHER READING:
Engen, S., and B. E. Saether. 2014. Evolution in fluctuating 

environments: decomposing selection into additive components 
of the Robertson-Price equation. Evolution 68:854-865.

Engen, S., B.-E. Sæther, and T. Kvalnes. 2014. Estimating 
phenotypic selection in age-structured populations by 
removing transient fluctuations. Evolution 68:2509-2523.

Breathing, or more specifically the consumption of 
oxygen due to metabolism, is a prerequisite to living for 
most animals. This is true even during periods of no 
behavioral activity, when a certain level of metabolism 
is required to maintain vital organs and body functions. 
Such resting metabolism represents an energetic cost 
to individuals, and from this perspective should be kept 
at a minimum. Yet, extensive variation is observed both 
within and among species after controlling for body 
size effects, begging the question what maintains such 
variation? Is the observed variation adaptive? Can the 
optimal level of metabolism during inactivity depend on 
environmental conditions? This has for a long time been 
a crucial remaining issue in understanding the evolution 
of variation in this trait. There is a poor mechanistic 
understanding of how the optimum metabolism varies 
across environments, and hence which environmental 
factors might cause evolutionary responses, and in 
which directions these might work. This also precludes 
a mechanistic understanding of empirical studies 
demonstrating context-dependent fitness effects of 

Sigurd Einum

Does the optimal metabolism depend on the environment?

metabolism, particularly in relation to food abundance. 

I approached this question using optimality modeling. 
The starting point for the model is the accumulating 
evidence for a link between resting metabolism and 
activity metabolism. In other words, it is not possible for 
an organism to have a low resting metabolism while at 
the same time being able to maintain intense sustained 
activity. As a result, observed variation in resting 
metabolism may simply be an evolutionary side-effect of 
differences in the optimal levels of activity among species 
and populations. The model then goes on to describe 
how the rate of energy acquisition can be expressed as 
a decelerating function of activity metabolism based 
on the Holling disc equation. Results with respect to 
optimality could be found both analytically and with 
numerical calculations, and showed that optimal 
metabolism is highest at intermediate food abundances 
(Fig. 5). Intuitively the results from the present model can 
be understood by considering that as food abundance 
becomes sufficiently high, a lower activity (and hence 
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Figure 5. Illustration of the predicted relationship between food abundance 
and optimal metabolism based on a numerical example
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metabolism) is required to approach maximum energy 
aquisition. This contrasts with previous verbal arguments 
that individuals with a high resting metabolism are at an 
advantage when environmental conditions are favorable. 
The results from this work will set the stage for future 
work on ecological correlation of variation in metabolic 
rates, an area of ecology and physiology that is receiving 
increasing empirical interest but which suffers from a 
lack of theory regarding optimality.

To study these problems,  we have chosen a model orga
nism that is extremely suitable for these kinds of projects, 
the water flea Daphnia magna, which CBD  has now built 
up a lab for. Important characteristics of these organisms 
are that they reproduce clonally and have short generation 
times. In addition, logistically they are relatively easy to rear 
and to run experiments with high numbers of replicates. 

This experimental set-up allows us to address the 
fundamental question in evolutionary ecology how fast 
organisms can respond to changing environmental 
conditions. Such effects are often divided into, and 
studied separately as (1) direct effects on phenotypes, 
with corresponding effects on demographic rates (e.g. 
births, deaths) and population dynamics, and (2) changes 
in the relative fitness of different phenotypes/genotypes 
that are used to predict evolutionary changes. Here we 
will study these effects simultaneously using an easily 
manipulated environmental factor, temperature.

FURTHER READING:
Einum, S. 2014. Ecological modeling of metabolic rates predicts 

diverging optima across food abundance. American Naturalist. 
183: 410-417.

Organisms are not random collections of traits and 
organs. They are highly organized and integrated in 
a hierarchical manner, simple organs consisting of 
numerous subunits that must grow and vary in a coordi
nated manner to remain functional. The pervasiveness 
and evolutionary importance of correlated variation in 
phenotypic traits have been recognized since Darwin 
himself raised the issue in The Origin of Species,  and 
the evolutionary consistency of these patterns of 
organization have fascinated evolutionary biologists such 

as Thompson and Huxley since the beginning of the 
previous century.  In a seminal book published in 1958 
“Morphological integration”, Olson and Miller provided the 
first mathematical framework to quantify these patterns 
of organization. These authors defined morphological (i.e. 
phenotypic) integration as the patterns and magnitude 
of covariation among phenotypic traits. Phenotypic 
integration is tightly linked to the concept of modularity, 
that is, the organization of organisms into quasi-
independent units that can evolve, at least to some extent, 

Christophe Pelabon

Phenotypic integration and modularity in plants and animals

Daphnia will be used as a model organism in our lab to study eco-evolutionary 
responses to environmental change, with particular focus on temperature.



13www.ntnu.edu/cbd

Figure 6. Modularity and integration. Modules are defined by a set of traits 
(black circles) with more interactions (arrows) among them than with traits in 
other modules. Integration refers to the patterns of relationship between traits 
within module. Modules are organized in a hierarchical manner (e.g. module 
4 consists of two subunits; modules 1 and 2). Depending on the nature of the 
traits considered (genes, traits, organs) modularity can be defined at different 
levels (redrawn from Klingenberg 2008).
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Phenotypic selection experiment on Dalechampia scandens in Costa Rica 
(autumn 2014)

without disrupting the rest of the organism. Integration 
therefore refers to the tightness or density of relationships 
among traits within modules, while modularity tends to 
characterize the autonomy among modules, that is, the 
density of relationship among modules (Fig. 6).

While patterns of phenotypic integration were in the 
beginning considered  in terms of evolved properties in 
response to selection for functionality, others tended to 
consider these patterns in terms of constraints imposed 
by genetic/developmental processes. Constraints may 
themselves result from selection, and phenotypic inte
gration, and modularity, most likely evolve. Evolutionary 
causes and consequences of phenotypic integration 
therefore represent a very fertile ground for debating 
some of the core questions in evolutionary biology about 
multivariate evolution. In October 2012, Scott Armbruster 
invited leading scientists from seven nations in order 
to assemble a diverse group of evolutionary biologists 
to address these issues. This meeting gathered people 
using very different approaches, from theoretical to 
molecular-genetic, developmental, ecological, and 
paleobiological, and studying different system both 
in animals and plants. Although this group contained 
people of often diverging viewpoints, there was a shared 
interest in attaining a deep understanding of multivariate 
evolution. The contributions to the workshop included 
the following topics 1) Historical aspects, 2) Theory and 
measurement of phenotypic integration, 3) Molecular 
and developmental factors affecting integration, and 4) 
Functional, ecological, and evolutionary consequences 
of phenotypic integration. These contributions reflect the 
diversity of views exposed during the workshop and the 

dynamism of this field of research in evolutionary biology. 
A subset of these contributions has been published in 
an issue of the Philosophical Transactions of the Royal 
Society in August 2014: Phenotypic integration and 
Modularity in Plants and Animals:  
http://rstb.royalsocietypublishing.org/content/369/1649. 
Contributions by the members of the CBD focused 
around two main themes 1) the measurement of 
integration and 2) whether pattern of integration 
constrain phenotypic evolution.  

The popularity of phenotypic integration and modularity 
as a research area in evolutionary biology has produced 
a large number of methods to quantify these patterns. 
Unfortunately, most of the indices aiming at summarizing 
and comparing patterns of variance and covariance among 
multiple traits have been developed independently of 
any theoretical context. For example, a large number of 
integration indexes have been developed and estimated 
from patterns of correlation or from correlation matrix 
eigenvalues. Contrary to what was often advocated, these 
indexes, mostly based on the mathematical properties of 
correlations, largely ignore the developmental or functional 
processes that create patterns of covariance among traits. 
In the opening contribution, Armbruster et al. (2014), after 
reviewing the various concepts of phenotypic integration 
and modularity, reemphasized the importance of developing 
measurement methods based on solid theoretical ground. 
In the case of phenotypic integration, they advocate that 
integration index should account for either the genetic/ 
developmental or functional mechanisms that generate 
patterns of covariance among traits. 

This approach is the one followed by Bolstad et al. 
(2014), who used the concept of conditional evolvability 
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Figure 7. Scaling relationship between 
evolutionary rates and evolvability for 
the bract traits (From Bolstad et al. 
2014). 

Figure 8. Bivariate divergence and 
allometric slopes for the first lower 

molar (M1) within the Mimomys savini 
lineage in the Iberian Peninsula. 
Arrows represent the transitions 

through time between population 
means (dark circles). 
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to investigate whether or not integration, defined by the 
genetic architecture of multivariate traits constrains 
phenotypic evolution. This question introduced by 
Russell Lande in the 1980s in relation to the evolution 
of allometry was further developed by Dolph Schluter 
with the introduction of his concept of evolutionary lines 
of least resistance, continues to garner great interest. 
Indeed, answering this question could help solving 
the long standing issue of linking macro-evolutionary 
patterns to micro-evolutionary processes. The paper 
by Bolstad et al. (2014) is the first to develop a series of 
predictions solidly anchored in the quantitative-genetic 
theory about the different relationships we expect 
between evolvability (and conditional evolvability) and the 
patterns of phenotypic divergence among populations, 
depending on the evolutionary forces generating the 
divergence. In this paper, a data set of high quality 
comprising G-matrices of floral traits from two cryptic 
species of Dalechampia scandens and morphological 
divergence among 24 populations belonging to these 
two species to test these predictions.  Doing so, Bolstad 
et al. were able to demonstrate that directions of 
preferential evolution (i.e. directions in the multivariate 
phenotypic space showing the highest variation among 
population) were congruent with the directions of 
highest evolvability, that is, the directions with the 
highest level of multivariate genetic variance (Fig. 7).  

Interestingly, the contribution by Firmat et al. (2014) 
confirmed the hypothesis of integration-as-a-constraint 
using a very different approach. In collaboration with 
Spanish palaeontologists, Firmat and colleagues 
reanalysed paleontological data of extremely high quality 
describing the morphological evolution of the first lower 
molar of the rodent species Mimomys savini. This data set, 
combining measurements from nine populations spread 
over 600,000 years, allowed them to test the congruence 
between the pattern of morphological integration and 
the patterns of population divergence. As expected from 
the integration-as-a-constraint hypothesis, these two 
patterns were highly congruent (Fig. 8), suggesting that 

morphological integration effectively canalizes phenotypic 
evolution along preferential routes. 

Further reading:
Armbruster WS, Pélabon C, Bolstad GH, Hansen TF. 2014. 

Integrated phenotypes: Understanding trait covariation in 
plants and animals. Philosophical Transactions Royal Society, 
London B. 369: 20130245.

Bolstad GH, Hansen TF, Pélabon C, Falahati-Anbaran M, Perez-
Barrales R, Armbruster WS. 2014. Genetic constraints and 
evolutionary divergence in Dalechampia blossoms. Philosophical 
Transactions Royal Society, London B. 369: 20130255. 

Firmat C, Lozano-Fernández I, Augusti J, Bolstad GH, Cuenca-
Bescos G, Hansen TF, Pélabon C. 2014. Walk the line: 600,000 
years of molar evolution constrained by the static allometry in 
the fossil rodent Miomys savini. Philosophical Transactions Royal 
Society, London B. 369: 20130257.

Lande R. 1985 Genetic and evolutionary aspects of allometry. 
Pages 21–32 in W. L. Jungers, ed. Size and scaling in primate 
biology. New York: Plenum.    

Olson EC, Miller RJ. 1958 Morphological integration. University of 
Chicago Press, Chicago, IL.

Schluter D. 1996. Adaptive radiation along genetic lines of least 
resistence. Evolution 50: 1766-1774.
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Questions

•	 Does heterogeneity among species in population 
dynamics in general represent a significant component 
of the dynamics of communities?

•	 How does similarity in community structure differ 
in time and space with the number of species in the 
community?

Achievements

•	 A review of the theoretical foundation and potential 
application of the lognormal species abundance 
distribution in analyses of community dynamics was 
published in Journal of Animal Ecology.

•	 A paper on the seasonal variation in the community 
structure of a tropical butterfly community in Costa Rica 
was published.

The aim of RA3 is to analyse how community dynamics in time and space of different taxa along ecological 
gradients are affected by environmental stochasticity

Research Area 3: Community dynamics

Central parts of Prof. Phil DeVries in Costa Rica, Central America 2009, including his hand holding a Blue Morpho (Morpho menelaus). 
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A fundamental climatic feature of all terrestrial habitats 
is the occurrence of seasonal cycles in temperature 
and precipitation that affect the resident biological 
communities. Although seasonality in tropical rainforests 
may be considerably less obvious than in temperate 
forests, seasonal precipitation has effects on tropical 
species abundance and diversity (Grøtan et al. 2012) The 
high species diversity in tropical communities makes 
them important not only for biological conservation, 
but also for testing basic theories of species diversity. 
Despite the importance of understanding the effects of 
tropical seasonality on ecological diversity, few studies 
have investigated the influence of environmental factors 
on seasonal community composition, and even fewer use 
standardized sampling and robust analytical methods 
that are directly comparable. A longterm study of 106 
fruit-feeding butterfly species in a lowland tropical forest 
in Costa Rica demonstrated biannual cycles in species 
diversity, whereas community similarity showed an annual 
cycle that peaked in the driest months (Grotan et al. 2014). 
We found that community diversity and similarity did not 
decline with increasing time lag, which we attribute to 
lack of long-term changes in species abundances. The 
apparent presence of a biannual cycle of species diversity 
represents a striking difference between this study and 
a similar study based on data from Amazonian Ecuador 
(Grøtan et al. 2012). A comparison of periodograms 
of community diversity, precipitation and temperature 
for the two localities shows a distinct biannual cycle 
(period length of 6 months) in community diversity and 
precipitation at the study site in Costa Rica while cycles 
are annual for Ecuador. At both localities the variation 
in temperature showed an annual cycle. In concert the 

present study and Grøtan et al. (2012) suggest that wet 
season-dry season cycles are major factors influencing 
neotropical rainforest butterfly species diversity and 
community similarity. Moreover, a significant number 
of fruit-feeding nymphalid genera and species occur at 
both sites. This implies that Central and South American 
butterfly communities have evolved different responses to 
local seasonal weather patterns.

By illuminating potential differences in seasonal 
community diversity patterns in Central and South 
America this study not only reveals how little we 
understand of seasonal cycles of neotropical diversity, but 
it provides a model system and the analytical methods for 
seeking comparative patterns in other tropical forests. 
Given the certainty of tropical forest destruction and 
climate change, we feel that conducting many similar 
studies of community dynamics in changing environments 
can enhance our ecological understanding of tropical 
communities and inform conservation strategies. 
Moreover, such studies can also help test and refine 
predictions on the ecological impacts of future climate 
change.

Further reading:
Grøtan, V., R. Lande, S. Engen, B.-E. Sæther, and P. J. DeVries. 2012. 

Seasonal cycles of species diversity and similarity in a tropical 
butterfly community. Journal of Animal Ecology 81:714-723.

Grotan, V., R. Lande, I. A. Chacon, and P. J. DeVries. 2014. 
Seasonal cycles of diversity and similarity in a Central 
American rainforest butterfly community. Ecography 37:509-516.

Vidar Grøtan

Seasonality in the composition of a tropical butterfly community
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CBD Workshop on ‘Evolution in Stochastic Environments’ 
January 13-15th 2014
This workshop was aimed at understanding the effects of unpredictable spatial and temporal environmental variation on evolution (i.e. in 
the context of variable population dynamics), and more specifically the nature of adaptive responses to such environmental stochasticity. 
The workshop was organised by Prof Jonathan Wright (CBD), with lectures and discussion sessions also provided by Prof Philip Crowley 
(Kentucky, USA), Dr Aviv Brokman (Kentucky, USA), Prof Steinar Engen (CBD), Prof Dustin Rubenstein (Columbia, USA), Dr Irja Ratikainen 
(CBD), Dr Sean Ehlman (UCDavis, USA) and Prof David Westneat (Kentucky, USA). The workshop generated lots of interesting and 
illuminating discussions, mostly concerning theoretical issues around bet-hedging and reconciling the various recent models being 
developed by the participants and others. The workshop lectures were attended by most CBD members, whilst the discussion sessions 
included a more specialised audience of PhDs, post-docs and staff working in this area.

Prof. Jon Wright

CENTRE FOR BIODIVERSITY DYNAMICSNTNU

In Research Area 1 an initiative co-ordinated by 
CBD and professor T. Coulson, Department of 
Zoology, University of Oxford, UK has produced a 
unique data base of individual-based demographic 
data of birds and mammals, involving a large 
number of researchers from many parts of the 
world. For instance, one paper published in the 
American Naturalist contained 16 international 
co-authors. Another truly international venture 
in this research area is the research on Svalbard 
reindeer headed at CBD by dr. Brage B. Hansen. 
The international members of this research group 
are located in United Kingdom (3) and USA (2) and 
have been essential for the data collection and 
development of biostatistical modelling tools. Three 
project meetings involving these international 
collaborators were organized during 2013 and 2014 
in Trondheim, and prof. Jeffrey Welker (Univ. Alaska 
Anchorage, US Arctic Fulbright Chair) held an 
invited talk at CBD in 2013.

Research Area 2 also involves extensive 
international collaborations. Three of the most 

important collaborators in this field of research 
have been prof. Marcel E. Visser, Netherlands 
Institute of Ecology, Wageningen, The Netherlands, 
ass. professor Niels Dingemans, Max Planck 
Institute for Ornithology, Seewisen, Germany and 
dr. Luis-Miguel Chevin, CEFE, CNRS, Montepellier, 
France. The major focus for this collaboration 
has been development of models and statistical 
methods for analysing phenotypic selection and 
evolution in the wild.  

The extent of international collaboration in 
Research Area 3 has been less extensive, focusing 
mainly on analyses of bird communities in United 
Kingdom together with prof. Robert F. Freckleton, 
University of Sheffield, United Kingdom.

Members of CBD have during the period 1.7.2013-
31.12.2014 made 29 appearances at congresses, 
conferences or workshops abroad. In addition, CBD 
organized a PhD –workshop in Trondheim (see 
below)  and the opening conference of CBD with 
several international lecturers.

3. INTERNATIONAL collaboration

Collaboration with international researchers forms an integrated part of the research activity in all the 
three Research Areas at CBD. An important part of the international strategy is to actively involve leading 
scientists in the research at CBD by use of shared positions. Prof. Russell Lande, Imperial College, UK and 
prof. Otso Ovaskainen, University of Helsinki, Finland are persons who have such part-time positions at 
CBD. Both have made valuable contributions to all the three research areas at CBD.
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Several research projects and members at CBD 
have drawn attention through mass media and 
other public outreach. Both the moose project 
at the island of Vega in northern Norway and the 
house sparrow study at the coast of Helgeland 
have been subject for interest by local and regional 
media. 

The reindeer project at Svalbard has been the 
research at CBD that so far has received the 
greatest focus by the media both nationally and 
internationally. For instance, Science News 
published a news story in November 2014 focusing 
on novel findings from a cross-disciplinary 
project on climate change effects on Svalbard 
reindeer population dynamics, headed at CBD 

1 female professor (G. Rosenqvist) and 1 associate 
female professor (I. Steinsland) were actively 
involved in the CBD. This means that there is a 
strong male-bias in the sex-composition among the 

by Dr. Brage B. Hansen. In the March 2014 issue 
of the Smithsonian Magazine, a science writer 
reported “live” from the reindeer capture-mark-
recapture field work.  Also, a recent publication 
demonstrating how an extreme climate event 
in the high Arctic had dramatic effects on both 
wildlife and society was widely covered in national 
(Dagsavisen, Adresseavisen) and international 
media (The Independent, Scientific American, 
Science Daily). 

The Director presented several aspects of the 
research at CBD in a lecture for a broad audience 
on the climate conference organized by the 
Research Council of Norway in Oslo October 31 
2013.  

core members of the CBD. At the end of 2014 48 % 
of the Ph.D students and postdocs were female. 

It is a central focus for the leadership of CBD to 
increase the recruitment of females to positions 
at all levels because we strongly believe that a 
balanced sex-ratio generates an environment 
that will facilitate excellence in research. One of 
the challenges that can affect the motivation for 
a continued scientific carreer after finishing a 
postdoc-period is a reluctancy to accept necassary 
international relocations, often because of family 
commitments. CBD will facilitate such foreign visits 
by maintaining long-term collaboration with those 
research groups where visitors can soon obtain 
the logistics necessary e.g. for housing, childcare 
and schooling. We hope this will facilitate future 
recruitment also of females to senior positions at 
CBD.

4. Popular Science

5. Gender equality

0 10 20 30 40 50 60 70

Female

Male

Total

2014
All at CBD

2013

gender distribution
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Key numbers in CBD 2014 2014 2013

Staff

Senior Researchers 26 22

Postdoctorat 12 10

PhD-candidates 13 12

Adm./Tech Staff 7 3

All staff at CBD 58 47

Scientific advisory Board 6 6

Results

Journals 12

anthologies 25 14

Reports 14 25

Media attentions 50

Books/chapters 1

Costs and funding

Operational Costs 17 989 8 689

Funding

NFR 6 899 558

NTNU 11 090 8 131

6. Key Figures

0 10 20 30 40 50 60 70

Senior Researchers

Postdoctorat

PhD-candidates

Adm./Tech.Staff

All staff at CBD

Scientific advisory board

2013

2014

STAFF OVERVIEV

OVERVIEW ALL PERSONELL AT CBD  
IN 2013 AND 2014

At the end of 2014 the overall female 
involementent in the centre were 36%. 
Of our young researchers -Postdocs and Ph.Ds 
48% are female. 
Recruiting females researchers to scientific 
careers after termination of the Post-doc period,  
is a challenge.
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Appendix 1 – CBD members

CBD Board

SAB Scientific Advisory Board

PhD Students

Bernt-Erik Sæther
Director

Anne Borg
Decan NT-Faculty
Chair Board

Reidar Andersen
Director  
NTNU University 
Museum

Steinar Engen
Deputy Director 

John Fryxell
Department of 
Integrative Biology
University of Guelph, 
Canada

Erik Solbu 
PhD 
ERC CBD

Øystein Nordeide 
Kielland 
PhD IBI

Solveig Johnsen
Centre Coordinator

Jorunn Myklebust
Director 
NINA

Jean-Michel 
Gaillard
Professor
Directeur de Re-
cherche, Research 
Unit ‘Biométrie et 
Biologie Evolutive’, 
CNRS, University of 
Lyon, France

Erlend Fossen 
PhD IBI

Øystein Hjorthol 
Opedal 
PhD IBI

Yngve Svarte
Managing Director 
Norwegian Environ-
ment Agency

Geir Øien
Professor
Decan IME-faculty

Otso Ovaskainen
Professor
SAB member
Until Oct. 2014. 
University of Helsinki, 
Finland

Peter Skjolte Ranke 
PhD CBD

Endre-Grüner 
Ofstad
PhD CBD

Marcel E. Visser
Head of Department  
Animal Ecology
Netherlands Institute of 
Ecology (NIOO-KNAW),
The Netherlands

Steve Beissinger
Professor  
Department of 
Environmental 
Science, Policy & 
Management
University of California 
Berkely, USA

Ane Marlene 
Myhre 
PhD IBI

Stine Svalheim 
Markussen 
PhD IBI

Ben C. Sheldon
Professor 
Edward Grey Institute 
Dept of Zoology 
University of Oxford,
United Kingdom

Elena Albertsen 
PhD CBD

Thomas Kvalnes 
PhD IBI

Robert O’Hara
Professor
Biodiversity and 
Climate Research 
Centre  
Frankfurt am Main, 
Germany 
SAB member
Since Oct 2014

Mathilde Le Moullec 
PhD IBI

ANNUAL REPORT 2014
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Professors / Associate Professors

PostDocs

Tech Staff 

Researchers at NINA

Researchers

Jonathan Wright 
Professor
IBI

Eirin Bjørkvoll
PostDoc
IBI

Brage Bremseth 
Hansen
Researcher
CBD

Irja Ratikainen
Researcher
CBD

Otso Ovaskainen 
Professor (50%)
IME

Maja Tarka
PostDoc
CBD 

Ivar Herfindal
Researcher
CBD

Olivia Langhammer
PostDoc
IBI

Henrik Pärn
Researcher
CBD

Håkon Holand
Researcher
CBD

Thor Harald 
Rinsby
Ass Professor 
IBI

Sigurd Einum 
Professor
IBI

Marlene Gamelon
PostDoc
IBI

Hans Stenøien
Professor 
NTNU University 
Museum

Russel Lande
IBI
(20 %)

Christophe 
Pélabon 
Professor
IBI

Arild Husby
PostDoc
IBI

Anna Billing
Researcher
CBD

Ingelin Steinsland
Professor
IME

Gunilla Rosenqvist 
Professor
IBI

Bernt Rønning
PostDoc
IBI

Anna Marie 
Holand
Researcher
CBD

Ingerid Julie 
Hagen
Researcher
CBD

Vidar Grøtan 
Ass. Professor
IBI

Jarle Tufto 
Professor
IME

Henrik Jensen
Ass. Professor
IBI

Nerea Abrego
PostDoc
CBD

Hanno Sandvik
Researcher
CBD

Bram VonMoorter
Researcher
NINA

Ola Diserud
Sr. Researcher
NINA

Erling Solberg
Sr. Researcher
NINA

Manuela 
Panzacchi
Researcher
NINA

Kenneth Nygård
Engineer
IBI

Varvara Iaschcenko
Engineer
IBI

Linn-Karina Selvik
Engineer
IBI

Anna Båtnes 
Solvang
Engineer
IBI
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2014
Armbruster, William Scott; Pelabon, 

Christophe; Bolstad, Geir Hysing; Hansen, 
Thomas F. Integrated phenotypes: 
Understanding trait covariation in plants and 
animals. Philosophical Transactions of the 
Royal Society of London. Biological Sciences 
2014 ;Volum 369.(1649)

	 NTNU UiO
Baalsrud, Helle Tessand; Sæther, Bernt-Erik; 

Hagen, Ingerid Julie; Myhre, Ane Marlene; 
Ringsby, Thor Harald; Pärn, Henrik; 
Jensen, Henrik. Effects of population 
characteristics and structure on estimates 
of effective population size in a house 
sparrow metapopulation. Molecular Ecology 
2014 ;Volum 23.(11) s.2653-2668

	 NTNU
Bellier, Edwige Louise; Grøtan, Vidar; Engen, 

Steinar; Schartau, Ann Kristin; Herfindal, 
Ivar; Finstad, Anders Gravbrøt. Distance 
decay of similarity, effects of environmental 
noise and ecological heterogeneity among 
species in the spatio-temporal dynamics of 
a dispersal-limited community. Ecography 
2014 ;Volum 37.(2) s.172-182

	 NINA NTNU
Beyer, Hawthorne L.; Gurarie, Eliezer; 

Börger, Luca; Panzacchi, Manuela; Basille, 
Mathieu; Herfindal, Ivar; Van Moorter, Bram 
F. A.; Lele, Subhash R.; Matthiopoulos, 
Jason. “You shall not pass!”: quantifying 
barrier permeability and proximity avoidance 
by animals. Journal of Animal Ecology 2014

	 NINA NTNU
Bolstad, Geir Hysing; Hansen, Thomas F; 

Pelabon, Christophe; Falahati-Anbaran, 
Mohsen; Perez-Barrales, Rocio; 
Armbruster, William Scott. Genetic 
constraints predict evolutionary divergence 
in Dalechampia blossoms. Philosophical 
Transactions of the Royal Society of London.
Biological Sciences 2014 ;Volum 369.(1649)

	 NTNU UiO
Botero, Carlos A.; Weissing, Franjo J.; 

Wright, Jonathan; Rubenstein, Dustin R. 
Evolutionary tipping points in the capacity to 
adapt to environmental change. Proceedings 
of the National Academy of Science of the 
United States of America 2014 ;Volum 112.(1) 
s.184-189

	 NTNU
Dimmen, Malene Vågen. Levels and effects 

of persistent organic pollutants (POPs) 
on circulating thyroid hormones in house 
sparrows (Passer domesticus) from Leka, 
Norway. Trondheim: Department of Biology, 
Norwegian University of Science and 
Technology 2014

	 NTNU

Eftestøl, Sindre; Tsegaye, Diress; Herfindal, 
Ivar; Flydal, Kjetil; Colman, Jonathan 
Edward. Measuring effects of linear 
obstacles on wildlife movements: accounting 
for the relationship between step length and 
crossing probability. European Journal of 
Wildlife Research 2014; Volum 60.(2) s.271-278

	 NTNU UiO NMBU
Einum, Sigurd. Ecological modeling of 

metabolic rates predicts diverging optima 
across food abundances. American Naturalist 
2014; Volum 183.(3) s.410-417

	 NTNU
Engen, Steinar; Kvalnes, Thomas; Sæther, 

Bernt-Erik. Estimating phenotypic selection 
in age-structured populations by removing 
transient fluctuations. Evolution 2014; Volum 
68.(9) s.2509-2523

	 NTNU
Engen, Steinar; Sæther, Bernt-Erik. Evolution 

in fluctuating environments: Decomposing 
selection into additive components of the 
robertson-price equation. Evolution 2014 
;Volum 68.(3) s.854-865

	 NTNU
Evans, SR; Schielzeth, Holger; Forstmeier, W.; 

Sheldon, Ben C; Husby, Arild.Nonautosomal 
genetic variation in carotenoid coloration. 
American Naturalist 2014 ;Volum 184.(3) 
s.374-383

	 NTNU
Firmat, Cyril Joel Patrick; Lozano-Fernandez, 

I; Agusti, J; Bolstad, Geir Hysing; Cuenca-
Bescos, G; Hansen, Thomas F; Pelabon, 
Christophe. Walk the line: 600 000 years of 
molar evolution constrained by allometry 
in the fossil rodent Mimomys savini. 
Philosophical Transactions of the Royal 
Society of London. Biological Sciences 2014 
;Volum 369.(1649)

	 NTNU UiO
Haanes, Hallvard; Herfindal, Ivar; Røed, Knut 

H.; Heim, Morten; Sæther, Bernt-Erik; 
Markussen, Stine Svalheim; Solberg, Erling 
Johan. Genetisk variasjon og innavl hos 
norsk elg. Hjorteviltet 2014 ;Volum 24.(1) 
s.90-94

	 NINA NTNU NMBU
Hagen, Ingerid Julie; Billing, Anna Maria; 

Husby, Arild; Elgvin, Tore Oldeide; Jensen, 
Henrik. Development and use of genomic 
tools to understand evolutionary dynamics 
of natural bird populations. Bioinformatics/
Systems Biology Group Seminar; 2014-10-31 
- 2014-10-31

	 NTNU UiO
Hagen, Ingerid Julie; Billing, Anna Maria; 

Husby, Arild; Elgvin, Tore Oldeide; Jensen, 
Henrik. Using genomic tools to understand 
eco-evolutionary dynamics of natural bird 
populations. High Throughput Genomics 
(MOL8003) course; 2014-03-17 - 2014-03-28

	 NTNU UiO

Hansen, Brage Bremset. Arctic faces an ice-
pocalypse. AAAS Science News [Internett] 
2014-11-20

	 NTNU
Hansen, Brage Bremset. As the Planet 

Warms, What Happens to the Reindeer?. 
Smithsonian Magazine [Avis] 2014-03-01

	 NTNU
Hansen, Brage Bremset. Climate change: 

reflections in the reindeer community. 
International Innovation [Avis] 2014-10-01

	 NTNU
Hansen, Brage Bremset. Ekstremregn på 

Svalbard skapte store problemer. Forskning.
no [Internett] 2014-11-20

	 NTNU
Hansen, Brage Bremset. Fast-Warming Arctic 

Proves Deadly to Animals and People. 
Scientific American [Internett] 2014-11-24

	 NTNU
Hansen, Brage Bremset. Januarregn på 

Svalbard skapte problemer. Gemini 
[Fagblad] 2014-11-20

	 NTNU
Hansen, Brage Bremset. Januarregn på 

Svalbard skapte problemer. Adresseavisen 
[Internett] 2014-11-20

	 NTNU
Hansen, Brage Bremset. Reindeer threatened 

after heavy rains in Norway freeze their food 
solid. The Independent [Avis] 2014-11-20

	 NTNU
Hansen, Brage Bremset. Varmere vær truer 

dyrelivet. Dagsavisen [Avis] 2014-11-20
	 NTNU
Hansen, Brage Bremset. Wild weather in 

the Arctic causes problems for people and 
wildlife. Science Daily [Internett] 2014-11-19

	 NTNU
Hansen, Brage Bremset; Aanes, Ronny. 

Habituation to humans in a predator-free 
wild ungulate. Polar Biology 2014 ;Volum 
38.(2) s.145-151

	 NTNU
Hansen, Brage Bremset; Isaksen, Ketil; 

Benestad, Rasmus E.; Kohler, Jack; 
Pedersen, Åshild Ø.; Loe, Leif Egil; Coulson, 
Stephen James; Larsen, Jan Otto; Varpe, 
Øystein. Warmer and wetter winters: 
characteristics and implications of an 
extreme weather event in the High Arctic. 
Environmental Research Letters 2014 ;Volum 
9.(11)

	 NTNU NMBU UNIS
Hansen, Brage Bremset; Varpe, Øystein; 

Isaksen, Ketil. Varmere, våtere, villere 
svalbardvintre. Svalbardposten 2014 ;Volum 
2014.(46) s.20-21
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Hansen, Brage Bremset; Varpe, Øystein; 
Isaksen, Ketil. Varmere, våtere, villere 
svalbardvintre? Konsekvenser for samfunn 
og dyreliv. Offtentlig informasjonsmøte om 
prosjektresultater; 2014-11-24 -2014-11-24

	 UNIS NTNU
Hansen, Brage Bremset; Varpe, Øystein; 

Isaksen, Ketil. Warm, wet and wild. 
Svalbardposten 2014

	 UNIS NTNU
Herfindal, Ivar; Haanes, Hallvard; Røed, Knut 

H.; Solberg, Erling Johan; Markussen, Stine 
Svalheim; Heim, Morten; Sæther, Bernt-
Erik. Population properties affect inbreeding 
avoidance in moose. Biology Letters 2014 
;Volum 10.(12)

	 NINA NTNU NMBU
Herfindal, Ivar; Haanes, Hallvard; Solberg, 

Erling Johan; Røed, Knut H.; Høgda, Kjell 
Arild; Sæther, Bernt-Erik. Moose body mass 
variation revisited: Disentangling effects 
of environmental conditions and genetics. 
Oecologia 2014 ;Volum 174.(2) s.447-458

	 NINA NORUT NTNU NMBU
Herfindal, Ivar; Van de Pol, Martijn; Nielsen, 

Jan Tøttrup; Sæther, Bernt-Erik; Møller, 
Anders Pape. Climatic conditions cause 
complex patterns of covariation between 
demographic traits in a long-lived raptor. 
Journal of Animal Ecology 2014

	 NTNU
Hjorthol, Lars Martin; Kvalnes, Thomas. Tidlig 

vår en fare for fugleunger. Gemini 2014
	 NTNU
Hjorthol, Lars Martin; Kvalnes, Thomas. 

Tidlig vår en fare for fuglunger. Forskning.
no : nettavis med nyheter fra norsk og inter­
nasjonal forskning 2014

	 NTNU
Holand, Anna Marie. 1. Bayesian animal 

model using Integrated Nested 
LaplaceApproximations-A wild house 
sparrow population case study2. Computer 
exercise 1: AnimalINLA R package3. 
Computer exercise 2: INLA R package. 
Animal models with applications in ecology; 
2014-11-04

	 NTNU
Holand, Anna Marie; Steinsland, Ingelin. Is 

my study system good enough?. Wild Animal 
Model Bi-Annual Meeting 5, Scotland; 2014-
07-21 - 2014-07-26

	 NTNU
Holand, Håkon; Jensen, Henrik; Tufto, Jarle; 

Soliman, M; Pärn, Henrik; Sæther, Bernt-
Erik; Ringsby, Thor Harald. Lower survival 
probability of house sparrows severely 
infected by the gapeworm parasite. Journal 
of Avian Biology 2014 ;Volum 45.(4) s.365-373

	 NTNU
Hoset, Katrine S.; Espmark, Yngve; Fossøy, 

Frode; Stokke, Bård Gunnar; Jensen, 
Henrik; Wedege, Morten I; Moksnes, Arne.

	 Extra-pair paternity in relation to regional 
and local climate in an Arctic-breeding 
passerine. Polar Biology 2014 ;Volum 37.(1) 
s.89-97

	 NTNU

Husby, Arild. Genome Wide Association 
Studies in two natural bird populations.
Society for Evolution; 2014-06-19 - 2014-
06-25

	 NTNU
Husby, Arild; Husby, Magne. Interspecific 

analysis of vehicle avoidance behavior in 
birds. Behavioral Ecology 2014 ;Volum 25.(3) 
s.504-508

	 HINT NTNU
Jensen, Henrik. Planlegging og gjennomføring 

av forskningsprosjekt i bevaringsbiologi. 
Foredrag i faget Teknologi og Forsknings
lære; 2014-01-28 - 2014-01-28

	 NTNU
Jensen, Henrik; Pärn, Henrik; Hagen, 

Ingerid Julie; Husby, Arild; Baalsrud, 
Helle Tessand; Elgvin, Tore Oldeide; 
Myhre, Ane Marlene; Skjelseth, Sigrun; 
Billing, Anna Maria; Ringsby, Thor Harald; 
Sæther, Bernt-Erik. Consequences of 
dispersal in house sparrows, and a glimpse 
of on-going work on house sparrow 
genomics. Gjesteforelesning ved Institute 
of Evolutionary Biology and Environmental 
Studies, University of Zürich; 2014-10-31 - 
2014-10-31

	 NTNU UiO
Jensen, Henrik; Szulkin, Marta; Slate, 

Jon. Molecular quantitative genetics. I: 
Quantitative Genetics in the Wild. Oxford 
University Press 2014 ISBN 978-0-19-
967423-7. s.209-227

	 NTNU
Kawakami, Takeshi; Backström, Niclas; 

Burri, Reto; Husby, Arild; Olason, PI; 
Rice, A M; Qvarström, Anna; Ellegren, 
Hans. Estimation of linkage disequilibrium 
and interspecific gene flow in Ficedula 
flycatchers by a newly developed 50k SNP 
array. Molecular Ecology Resources 2014 
;Volum 14.(6) s.1248-1260

	 NTNU
Kawakami, Takeshi; Smeds, Linnea; 

Backström, Niclas; Husby, Arild; 
Qvarnström, Anna; Mugal, cf; Olason, PI; 
Ellegren, Hans. A high-density linkage 
map enables a second-generation collared 
flycatcher genome assembly and reveals 
the patterns of avian recombination rate 
variation and chromosomal evolution. 
Molecular Ecology 2014 ;Volum 23.(16) 
s.4035-4058

	 NTNU
Kvalnes, Thomas. Graphics in R: ggplot2. CBD 

R seminar; 2014-04-29 - 2014-04-29
	 NTNU
Kvalnes, Thomas; Engen, Steinar; Sæther, 

Bernt-Erik. Estimating phenotypic selection 
in age-structured populations. Evolution 
2014; 2014-06-20 - 2014-06-24

	 NTNU
Lande, Unni Støbet; Herfindal, Ivar; 

Willebrand, Tomas; Moa, Pål Fossland; 
Storaas, Torstein. Landscape characteristics 
explain large-scale variation in demographic 
traits in forest grouse. Landscape Ecology 
2014 ;Volum 29.(1) s.127-139

	 BIOFORSK HIHM HINT NTNU

Larsen, Camilla Thorrud; Holand, Anna Marie; 
Jensen, Henrik; Steinsland, Ingelin; Roulin, 
Alexandre. On estimation and identifiability 
issues of sex-linked inheritance with a 
case study of pigmentation in Swiss barn 
owl (Tyto alba). Ecology and Evolution 2014 
;Volum 4.(9) s.1555-1566

	 NTNU
Louhi, Paulina; Robertsen, Grethe; Fleming, 

Ian A.; Einum, Sigurd. Can timing of 
spawning explain the increase in egg size 
with female size in salmonid fish?. Ecology 
of Freshwater Fish 2014

	 NINA NTNU
Nossen, Ida. Possible Effects of Persistent 

Organic Pollutants on Steroid Hormone 
Homeostasis in House Sparrows (Passer 
domesticus) from Helgeland, Norway. 
Trondheim: Department of Biology, 
Norwegian University of Science and 
Technology 2014

	 NTNU
Pedersen, Åshild Ønvik; Bårdsen, Bård-

Jørgen; Veiberg, Vebjørn; Hansen, Brage 
Bremset. Jegernes egne data. Analyser 
av jaktstatistikk og kjevemateriale fra 
svalbardrein. Tromsø: Norsk polarinstitutt 
2014 (ISBN 978 82 7666 304 4) 27 s. 
Norwegian Polar Institute Brief Report Series 
(027)

	 NINA NTNU UiT
Pedersen, Åshild Ønvik; Josefsen, Terje D.; 

Mørk, Torill; Åsbakk, Kjetil; Das Neves, 
Carlos G; Hansen, Brage Bremset; Tryland, 
Morten. Svalbardreinen - økologi, parasitter 
og sjukdommer. Norsk Veterinærtidsskrift 
2014 ;Volum 126.(2) s.263-270

	 NTNU UiT NMBU VETINST
Pelabon, Christophe; Firmat, Cyril Joel 

Patrick; Bolstad, Geir Hysing; Voje, Kjetil 
L.; Houle, David; Cassara, Jason; Le Rouzic, 
Arnaud; Hansen, Thomas F. Evolution of 
morphological allometry. Annals of the New 
York Academy of Sciences 2014 ;Volum 1320.
(1) s.58-75

	 NTNU UiO
Pelabon, Christophe; Larsen, Line-Kristin; 

Bolstad, Geir Hysing; Viken, Åslaug; 
Fleming, Ian A.; Rosenqvist, Gunilla. The 
effects of sexual selection on life-history 
traits: an experimental study on guppies. 
Journal of Evolutionary Biology 2014 ;Volum 
27.(2) s.404-416

	 NTNU
Ratikainen, Irja Ida; Wright, Jonathan. 

Adaptations to stochasticity at multiple 
levels. CBD Workshop on ‘Evolution in 
Stochastic Environments’; 2014-01-13 - 
2014-01-15

	 NTNU
Robertsen, Grethe; Armstrong, JD; Nislow, 

KH; Herfindal, Ivar; Mckelvey, S; Einum, 
Sigurd. Spatial variation in the relationship 
between performance and metabolic rate 
in wild juvenile Atlantic salmon. Journal of 
Animal Ecology 2014 ;Volum 83.(4) s.791-799

	 NINA NTNU
Rosvold, Jørgen; Herfindal, Ivar; Andersen, 

Reidar; Hufthammer, Anne Karin. Long-
term morphological changes in the skeleton 
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of red deer (Artiodactyla, Cervidae) at its 
northern periphery. Journal of Mammalogy 
2014; Volum 95.(3) s.626-637

	 NTNU UiB
Roth, Olivia; Sundin, Josefin; Berglund, 

Anders; Rosenqvist, Gunilla; Wegner, Karl 
Mathias. Male mate choice relies on major 
histocompatibility complex class I in a sex-
role-reversed pipefish. Journal of Evolutionary 
Biology 2014 ;Volum 27.(5) s.929-938

	 NTNU
Rønning, Bernt; Moe, Børge; Berntsen, Johan 

Henrik Hårdensson; Noreen, Elin; Bech, 
Claus. Is the rate of metabolic ageing and 
survival determined by basal metabolic rate 
in the zebra finch?. PLoS ONE 2014 ;Volum 
9.(9) s.1-6

	 NINA NTNU
Sandvik, Hanno. Ecological impact assess

ment of alien species: the Norwegian set of 
criteria. Invasive Alien Species Risk Assessment 
Workshop; 2014-03-27 -2014-03-28

	 NTNU
Schielzeth, Holger; Husby, Arild. Challenges 

and prospects in genome-wide quantitative 
trait loci mapping of standing genetic 
variation in natural populations. Annals of the 
New York Academy of Sciences 2014 ;Volum 
1320.(1) s.35-57

	 NTNU
Steinsland, Ingelin; Larsen, Camilla Thorrud; 

Roulin, Alexandre; Jensen, Henrik. 
Quantitative genetic modeling and inference 
in the presence of nonignorable missing data. 
Evolution 2014 ;Volum 68.(6) s.1735-1747

	 NTNU
Svorkmo-Lundberg, Torkild; Jensen, Henrik. 

Evolusjonsbiologi og populasjonsbiologi i 
fragmenterte populasjoner: Eksempler fra 
NTNUs gråspurvprosjekt. Undervisning i 
biologi ved Charlottenlund vgs; 2014-04-28 
- 2014-04-28

	 NTNU
Voje, Kjetil L.; Hansen, Thomas F; Egset, 

Camilla Kalvatn; Bolstad, Geir Hysing; 
Pelabon, Christophe. Allometric constraints 
and the evolution of allometry. Evolution 2014 
;Volum 68.(3) s.866-885

	 NTNU UiO
Westneat, David; Bokony, Veronika; Burke, 

Terry; Chastel, Olivier; Jensen, Henrik; 
Kvalnes, Thomas; Lendvai, Adam Z.; 
Liker, Andras; Mock, Douglas; Schroeder, 
Julia; Schwagmeyer, P. L.; Sorci, Gabriele; 
Stewart, Ian R. K.. Multiple aspects 
of plasticity in clutch size vary among 
populations of a globally distributed 
songbird. Journal of Animal Ecology 2014 
;Volum 83.(4) s.876-887

	 NTNU
Westneat, David; Wright, Jonathan; 

Dingemanse, Niels J.. The biology hidden 
inside residual within-individual phenotypic 
variation. Biological Reviews 2014

	 NTNU
Wright, Jonathan. Evolution in Stochastic 

Environments. CBD Workshop on ‘Evolution 
in Stochastic Environments’; 2014-01-13

	 NTNU

2013
Acharya, Kamal Prasad; Brunet, Jörg; 

Chabrerie, Olivier; Cousins, Sara A. O.; 
Diekmann, Martin; De Frenne, Pieter; 
Hermy, Martin; Kolb, Annette; Lemke, 
Isgard; Plue, Jan; Verheyen, Kris; Pelabon, 
Christophe; Graae, Bente Jessen. Effect of 
latitude, temperature and nitrogen in traits 
of native and invasive Impatiens species. 98th 
ESA Annual Meeting; 2013-08-04 - 2013-08-09

	 NTNU
Amundsen, Bård; Sæther, Bernt-Erik. Artenes 

forståelse. Forskningsbladet [Internett] 
2013-02-28

	 NTNU
Aronsen, Tonje; Berglund, Anders; Mobley, 

Kenyon; Ratikainen, Irja Ida; Rosenqvist, 
Gunilla. Sex ratio and density affect sexual 
seleciton in a sex-role reversed fish. 
Evolution 2013 ;Volum 67.(11) s.3243-3257

	 NTNU
Aronsen, Tonje; Mobley, Kenyon B.; Berglund, 

A; Sundin, J; Billing, Anna Maria; 
Rosenqvist, Gunilla. The operational sex ratio 
and density influence spatial relationships 
between breeding pipefish. Behavioral Ecology 
2013 ;Volum 24.(4) s.888-897

	 NTNU
Basille, Mathieu; Van Moorter, Bram F. A.; 

Herfindal, Ivar; Martin, Jodie; Linnell, John 
Durrus; Odden, John; Andersen, Reidar; 
Gaillard, Jean-Michel. Selecting habitat 
to survive: The impact of road density on 
survival in a large carnivore. PLoS ONE 2013 
;Volum 8.(7)

	 NINA NTNU
Bjørkvoll, Eirin Marie; Lee, Aline Magdalena; 

Hansen, Brage Bremset; Grøtan, Vidar; 
Sæther, Bernt-Erik; Engen, Steinar. 
Svalbard Reindeer. Integrated population 
modeling. Bayesian population analysis using 
WinBUGS; 2013-08-12 - 2013-08-16

	 NTNU
Diserud, Ola Håvard; Fiske, Peder; Hindar, 

Kjetil. Forslag til kategorisering av 
laksebestander som er påvirket av rømt 
oppdrettslaks. Oppdatering for perioden 
1989-2012. Trondheim: Norsk institutt for 
naturforskning 2013 (ISBN 978-82-426-2585-
4) 22 s. NINA rapport(976)

	 NINA NTNU
Diserud, Ola Håvard; Stur, Elisabeth; Aagaard, 

Kaare. How reliable are Malaise traps 
for biomonitoring? - A bivariate species 
abundance model evaluation using alpine 
Chironomidae (Diptera). Insect Conservation 
and Diversity 2013 ;Volum 6.(5) s.561-571

	 NINA NTNU
Einum, Sigurd; Brandslet, Steinar. Små 

krepsdyr er tilpasningsdyktige. http://
gemini.no/2013/11/sma-krepsdyr-er-
tilpasningsdyktige/ [Internett] 2013-11-22

	 NTNU
Engen, Steinar; Lande, Russell; Sæther, 

Bernt-Erik. A Quantitative Genetic Model 
of r- and K-Selection in a Fluctuating 
Population. American Naturalist 2013 ;Volum 
181.(6) s.725-736

	 NTNU

Engen, Steinar; Sæther, Bernt-Erik; Armitage, 
Kenneth B.; Blumstein, Daniel T.; Clutton-
Brock, Tim H.; Dobson, F. Stephen; Festa-
Bianchet, Marco; Oli, Madan K.; Ozgul, 
Arpat. Estimating the effect of temporally 
autocorrelated environments on the 
demography of density-independent age-
structured populations. Methods in Ecology 
and Evolution 2013 ;Volum 4.(6) s.573-584

	 NTNU
Falahati-Anbaran, Mohsen; Stenøien, Hans 

K.; Pelabon, Christophe; Bolstad, Geir 
Hysing; Perez-Barrales, Rocio; Hansen, 
Thomas F; Armbruster, William Scott. 
Development of microsatellite markers for 
the neotropical vine Dalechampia scandens 
(Euphorbiaceae). American Journal of Botany 
2013 ;Volum 1.(6)

	 NTNU UiO
Finstad, Anders Gravbrøt; Sættem, Leif 

Magnus; Einum, Sigurd. Historical 
abundance and spatial distributions of 
spawners determine juvenile habitat 
accessibility in salmon: implications for 
population dynamics and management 
targets. Canadian Journal of Fisheries and 
Aquatic Sciences 2013 ;Volum 70.(9) s.1339-
1345

	 NINA NTNU
Forseth, Torbjørn; Fiske, Peder; Barlaup, 

Bjørn Torgeir; Gjøsæter, Harald; Hindar, 
Kjetil; Diserud, Ola Håvard. Reference 
point based management of Norwegian 
Atlantic salmon populations. Environmental 
Conservation 2013 ;Volum 40.(4) s.356-366

	 HAVFORSK NINA UNI
Forseth, Torbjørn; Harby, Atle; Ugedal, 

Ola; Pulg, Ulrich; Fjeldstad, Hans-
Petter; Robertsen, Grethe; Barlaup, 
Bjørn Torgeir; Alfredsen, Knut; Sundt, 
Håkon; Saltveit, Svein Jakob; Skoglund, 
Helge; Kvingedal, Eli; Sundt-Hansen, 
Line Elisabeth Breivik; Finstad, Anders 
Gravbrøt; Einum, Sigurd; Arnekleiv, Jo 
Vegar. Håndbok for miljødesign i regulerte 
laksevassdrag. Trondheim: Norsk institutt 
for naturforskning 2013 (ISBN 978-82-426-
2589-2) 90 s. NINA temahefte(52)

	 ENERGISINT NINA NTNU UiO UNI
Haanes, Hallvard; Markussen, Stine Svalheim; 

Herfindal, Ivar; Røed, Knut H.; Solberg, 
Erling Johan; Heim, Morten; Midthjell, Liv; 
Sæther, Bernt-Erik. Effects of inbreeding 
on fitness-related traits in a small isolated 
moose population. Ecology and Evolution 
2013 ;Volum 3.(12) s.4230-4242

	 NINA NTNU NMBU
Hagen, Ingerid Julie; Billing, Anna Maria; 

Rønning, Bernt; Pedersen, Sindre Andre; 
Pärn, Henrik; Slate, Jon; Jensen, Henrik. 
The easy road to genome-wide medium 
density SNP screening in a non-model 
species: development and application of a 
10K SNP-chip for the house sparrow (Passer 
domesticus). Molecular Ecology Resources 
2013 ;Volum 13.(3) s.429-439

	 NTNU
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Hagen, Ingerid Julie; Herfindal, Ivar; 
Donnellan, Stephen; Bull, Michael. Fine 
Scale Genetic Structure in a Population of 
the Prehensile Tailed Skink, Corucia zebrata. 
Journal of Herpetology 2013 ;Volum 47.(2) 
s.308-313

	 NTNU
Hansen, Brage Bremset. “”. Guokr.com 

[Internett] 2013-01-18
	 NTNU
Hansen, Brage Bremset. Meteovesti [Internett] 

2013-01-18
	 NTNU
Hansen, Brage Bremset. An arctic animal 

community crashes in response to extreme 
weather events. Science Nordic [Internett] 
2013-01-19

	 NTNU
Hansen, Brage Bremset. Artico, il meteo 

minaccia gli animali. Ambiente [Internett] 
2013-01-18

	 NTNU
Hansen, Brage Bremset. Calentamiento global 

tambalea ecosistemas. National Geographic 
Spania [Internett] 2013-01-18

	 NTNU
Hansen, Brage Bremset. Clima sincronizza 

nascite e morti Artico. Corriere della Sera 
[Internett] 2013-01-18

	 NTNU
Hansen, Brage Bremset. Climate events drive 

High-Arctic vertebrate community into 
synchrony: Extreme weather potent force 
for Arctic overwintering populations. Science 
Daily [Internett] 2013-01-18

	 NTNU
Hansen, Brage Bremset.Der Regen setzt dem 

Polarfuchs zu. Stuttgarter Zeitung [Avis] 
2013-01-18

	 NTNU
Hansen, Brage Bremset.Ekstrema pogodowe 

synchronizuj gatunki. Kopalnia Wiedzy 
[Internett] 2013-01-18

	 NTNU
Hansen, Brage Bremset. Extreme weather 

synchronises Arctic populations. Cosmos 
Magazine [Avis] 2013-01-18

	 NTNU
Hansen, Brage Bremset. Extremer Regen 

verändert arktische Tierwelt. Berliner 
Zeitung [Internett] 2013-01-18

	 NTNU
Hansen, Brage Bremset. How Extreme 

Weather Links The Fates Of Four Adorable 
Arctic Species. Popsci.com [Internett] 2013-
01-18

	 NTNU
Hansen, Brage Bremset. Implications of 

Svalbard Reindeer «Population Health» in a 
Changing High-Arctic Climate. RANGIFER 
HEALTH WORKSHOP; 2013-08-29 -2013-
08-30

	 NTNU
Hansen, Brage Bremset. In Sync. Conservation 

Magazine [Internett] 2013-01-18
	 NTNU
Hansen, Brage Bremset. Isregn dreper rein. 

NRK1 [TV] 2013-02-07
	 NTNU

Hansen, Brage Bremset. Klimawandel macht 
Tierwelt in der Arktis zu schaffen. Spiegel 
[Internett] 2013-01-18

	 NTNU
Hansen, Brage Bremset. Klimawandel 

verbindet. dradio [Radio] 2013-01-18
	 NTNU
Hansen, Brage Bremset. Los cambios 

climáticos sincronizan las poblaciones de 
especies árticas. Mundo Andorra [Internett] 
2013-01-18

	 NTNU
Hansen, Brage Bremset. Mildvær dreper rein 

og rype på Svalbard. NTB [Internett] 2013-
01-18

	 NTNU
Hansen, Brage Bremset. Polarfuchs 

Krasses Klima steuert Nahrungsangebot. 
Wissenschaft Aktuell [Internett] 2013-01-18

	 NTNU
Hansen, Brage Bremset. Regen auf Schnee 

gefährlich für Tiere. Blick [Internett] 2013-
01-18

	 NTNU
Hansen, Brage Bremset. Rentiere im 

Klimawandel. Wiener Zeitung [Avis] 2013-
01-18

	 NTNU
Hansen, Brage Bremset. Sarki rókákat 

veszélyeztet a klímaváltozás. Tudomany 
[Internett] 2013-01-18

	 NTNU
Hansen, Brage Bremset. Spitzbergen: 

Winterregen gefährdet Tiere. Tagesspiegel 
[Avis] 2013-01-18

	 NTNU
Hansen, Brage Bremset. Starker Regen 

auf Schnee verändert arktische Tierwelt. 
Schweizerbauer [Internett] 2013-01-18

	 NTNU
Hansen, Brage Bremset. Så påverkas Arktis 

djur av varmare klimat. Dagens Nyheter 
[Avis] 2013-01-20

	 NTNU
Hansen, Brage Bremset. Takt der Tiere. 

Süddeutsche Zeitung [Internett] 2013-01-18
	 NTNU
Hansen, Brage Bremset.
Vinterregn hotar djurliv på Svalbard. 

Norrbottens Kuriren [Internett] 2013-01-18
	 NTNU
Hansen, Brage Bremset. Warming Arctic could 

spell doom for a community of species - 
study. ClimateWire [Internett] 2013-01-18

	 NTNU
Hansen, Brage Bremset; Grøtan, Vidar; Aanes, 

Ronny; Sæther, Bernt-Erik; Stien, Audun; 
Fuglei, Eva; Ims, Rolf Anker; Yoccoz, Nigel; 
Pedersen, Åshild Ønvik. Climate Events 
Synchronize the Dynamics of a Resident 
Vertebrate Community in the High Arctic. 
Science 2013 ;Volum 339.(6117) s.313-315

	 NINA NTNU UiT
Hansen, Brage Bremset; Sæther, Bernt-Erik. 

Mildvær dreper rein og ryper på Svalbard. 
Adresseavisen [Avis] 2013-01-18
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