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Bumblebees in relation to Aconitum septentrionale in Central 

Norway (Øyer) 

A replication of Astrid Løken’s field work in 1939–1941  

Helene K. H. Torjuul 

Centre for Ecological and Evolutionary Synthesis, Department of Biosciences, 

University of Oslo, Norway 

Supervisors: Anne Krag Brysting og Anders Nielsen (NIBIO) 

helenkhe@student.ibv.uio.no 

 

Pollination services by bumblebees are vitally important in boreal ecosystems. Over the last 80 

years, substantial shifts in bumblebee community composition have been documented in other 

parts of Scandinavia (Bommarco et al. 2012), with potential effects on the reproduction of the 

plants they pollinate.  

Astrid Løken, studied the bumblebee community in Øyer over the summers of 1939-1941 

(Løken 1949). Her recordings of bumblebees in the area give us a unique snapshot of the 

bumblebee community in Central Norway 80 years ago. Løken aimed to obtain information 

about the bumblebee species in the area and specifically those visiting A. septentrionale, 

whether altitude influenced the bumblebee community, and the importance of other nectar 

producing plants. Løken also observed the activity, collecting mode, and behavior of the 

bumblebees during the day and over the flowering season of A. septentrionale. My goal is to 

repeat Løken’s field work as similar as possible to be able to compare the bumblebee 

community 80 years ago with my observations of the current situation. 

The alpine area in Øyer, at an altitude of 900-1000 masl, has not been affected by habitat 

change, like several similar alpine areas in Central Norway, and is still used as pastures by 

local farmers, grazed mostly by sheep and some cattle. Comparing pictures (Løken 1959) of 

the area one can see that the tree line has expanded upwards in addition to a more dense growth 

of Juniperus and trees on the slopes. 

A pilot study was conducted in the summer of 2022 for a period of four days. Observations of 

bumblebee species were done at the different sites for a time period of 30 minutes at different 

times of the day. All workers of bumblebees visiting A. septentrionale were collected using a 

net and kept in 70 % ethanol. Queens were only registered, not captured.  

The main fieldwork will be carried out in three periods during the summer of 2023, each of a 

duration of four to six days; in late June, in mid-July, and at the beginning of August. In 

addition, the two lowland areas (Øyer village, ~250 masl) will be visited in mid-June due to 

the earlier flowering of A. septentrionale in the lowland area. During this fieldwork 

observations of bumblebees visiting A. septentrionale will be registered. Species, their mode 

of collecting, in addition to the flowering stage, and weather conditions will be noted. 
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Trait-Specific Responses of Wild Bees to Habitat 

Fragmentation: A Conservation Framework for Pollinators 
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1Centre for Ecological and Evolutionary Synthesis, Department of 
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Insects are declining worldwide, threatening vital ecosystem services such as pollination. Wild 

bees, considered our most efficient pollinators, provide stable food security and pollination of 

wild plants. The biggest threat to bees during global change is landscape change, including 

habitat fragmentation. As native bees are small and not able to disperse far, fragmentation 

quickly prevents connectivity between their populations, resulting in a decline in wild bee 

diversity. A conservation framework allowing generalized insights of connectivity in wild bee 

populations is therefore highly needed, saving management both time and resources assessing 

the issue. Here, I will create such a framework. I will use standardized samples of wild bees 

from Northern Europe combined with information on their ecological and functional traits to 

predict their response to connectivity in the landscape. I will also assess the impact of another 

important (yet greatly overlooked) part of global change: nitrogen deposition. The framework 

will provide answers to many questions regarding conservation of wild bees, such as what 

landscape attributes facilitate wild bee diversity and what traits predict their response to 

fragmentation and pollution. With this framework, bee species ‘hot-spots’ and barriers to their 

dispersal will be located, providing a valuable tool for mitigating biodiversity loss. Lastly, 

spatial predictions of wild bees will be linked to their genetic diversity, assessing the impact of 

landscape structure on gene flow and interbreeding between/within populations. The new 

insights of this work will improve the resilience of wild bee populations during global change, 

ensuring future well-being and ecosystem resilience. 
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Anthropogenic threats to wild pollinators over time: A 

spatiotemporal investigation of bumblebee population 

genomics 
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Wild bumblebees pollinate a diverse array of plant species throughout their wide-ranging 

distribution across various temperate habitats, many of which are pollinated exclusively or 

predominantly by bumblebees. They are thus considered keystone pollinators, and reports of 

global population declines of several bumblebee species over recent decades have been the 

source of growing alarm. The causes are believed to be a combination of anthropogenic factors, 

such as land-use change and urbanisation, leading to depletion of forage resources, widespread 

habitat fragmentation and reduced gene flow between populations. 

Recent advances in next generation sequencing technology and ancient DNA (aDNA) 

methodology allow for the temporal comparison of historical biological collections, from 

which unique insights can be obtained. Here, we will compare historical and modern 

bumblebee specimens to conduct a spatiotemporal population genomic analysis on three 

Norwegian bumblebee species with different biological traits: Bombus lapidarius, a 

widespread generalist which is seemingly resilient to urban stressors; Bombus pascuorum, a 

significantly polymorphic bumblebee species commonly found in agricultural landscapes; and 

Bombus consobrinus, a mountainous forage specialist. Both fine-scale and coarse-scale 

investigations of population structure will be conducted across a mosaic of land-use types. In 

addition, the contrasting biological features of these three species allow for different genomic 

questions to be addressed. While B. lapidarius appears to thrive in urban landscapes where 

other bumblebee species struggle, underlying genomic patterns may indicate detrimental 

effects which would otherwise be imperceptible. The genomic structure underpinning the 

various morphological variants of B. pascuorum is yet to be investigated, and the foraging 

specialisation of B. consobrinus makes it a particularly suitable model organism for studying 

the effect of habitat availability and foraging resources on population structure. 
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The impacts of human exploitation on marine life: A 

comparative analysis of extant and extinct sirenians 

Lydia Hildebrand Furness 
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Supervisors: Bastiaan Star (CEES), James Barrett (NTNU), 
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An awareness of and compassion for the extinction of species caused directly by human actions 

is marking a new chapter in ocean research. In recent history, humans have begun to switch 

from a purely economic perspective to striving to understand and mitigate the consequences of 

over-exploiting our environment. However, there is still little known about how, where and 

when marine resources were used over the last two millennia. This PhD, within the wider 

4Oceans project, aims to understand the impact of human exploitation on Sirenia, a taxon of 

large, herbivorous marine mammals that have been integral to human societies both culturally 

and economically across time and space. We intend for the sequencing of aDNA from extinct 

and extant species to elucidate genotypic similarities and differences between species and 

populations, providing valuable insights into inter- and intra-species genetic variation, and 

piecing together dynamic population histories. We hope that this will help us to better 

understand why one species – Steller’s sea cow – became extinct when others did not. The 

findings from this study will be placed in the wider framework of historical ecology, and 

crucially contribute to the ongoing conservation of extant sirenians in the context of ongoing 

human intervention.  
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Evidence of serial depletion within the Baltic herring 

industry since the Viking Age  
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Marine resource consumption has been a key component in European diet and culture since the 

Middle Ages, when fish consumption increased dramatically. Yet, the early origins of marine 

industries and the long-term ecological consequences of historical and contemporary fisheries 

remain debated. The Baltic Sea was home to the first “industrial” fishery ~800 years ago 

targeting the Baltic herring, a commercial species that is still economically and culturally 

important in the region today. We use ancient DNA to identify the first known long-distance 

trade in the region, illustrating that long-distance marine resource trade in the Baltic began 

during the Viking Age, much earlier than previously believed. We model past demography for 

four herring stocks within the Baltic to address impacts from fisheries in the region over time, 

illustrating demographic independence of Baltic herring stocks. Moreover, we associate these 

divergent demographic histories with changing patterns of exploitation, climatic impacts and 

interspecies dynamics, finding a pattern that is most consistent with serial depletion of Baltic 

herring stocks over the course of the last 1200 years. Our observations indicate that herring 

exploitation at both historical and recent intensities has not been and is not sustainable in the 

long term. 

 

  



8 
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The Atlantic puffin (Fratercula arctica) is one of the world’s most iconic seabirds. The 

morphologically largest subspecies (F.a. naumanii) is limited to the High Arctic, yet genomic 

data has recently revealed a hybrid population on the island of Bjørnøya, where it interbreeds 

with the smaller F.a. arctica. Here, we use whole genome sequencing of contemporary and 

historical puffins to investigate the demographic history and signals of admixture of these two 

subspecies and their hybrid population.  

We use a range of methods with varying temporal resolution to assess the demographic history 

of the three populations within the last 1M years. Additionally, we evaluate evolutionary 

dynamics and admixture timing within the hybrid zone by analyzing local ancestry in the 

modern hybrid individuals and genomic structure among the historical individuals.  

Our results indicate that F.a.naumanni and F.a.arctica shared a common ancestor from which 

they diverged ca. 20-40k years ago and that F.a.naumanni has subsequently experienced 

multiple declines in population size likely due to (inter-)glacial periods. Interestingly, our 

results place the onset of hybridization between the two subspecies on Bjørnøya within the last 

100 years, which could be the direct result of a changing climate or other anthropogenic 

impacts.  

Our observations emphasize the power of combining modern and historical DNA data and 

provide a detailed understanding of the demographic and evolutionary history of the Atlantic 

puffin, which is crucial for the conservation of these vagile seabirds in an environment that is 

changing at unprecedented rates. 
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122 000 years of fauna diversity of Nordic ecosystems 

explored through paleogenomics 
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Paleogenomics is a molecular approach to paleontological records allowing the analysis of past 

ecosystems through ancient DNA (aDNA) found in fossils and soils. The discovery of Europe’s 

northernmost bone-rich karst cave system with sediments and bones dated up to 122ka, in 

Kjøpsvik (68°50’N) Northern Norway, presents a unique opportunity to study the response of 

arctic and boreal ecosystems to climate change during the last interglacial. The objectives of 

this project are to: (i) reconstruct faunal diversity and (ii) genetic diversity of mammalian 

populations as well as (iii) their distribution throughout the last glacial cycle over a period of 

122 000 years. Metabarcoding will be used on bulk bone material (aDNA) and sediments 

(sedaDNA) to reconstruct the faunal diversity from excavated bone fragments. Genomic 

analyses based on both mitochondrial and nuclear genomes will be conducted to study historic 

biogeography of selected species. This study will provide new insights into mammalian 

diversity of high latitude ecosystems of Scandinavia throughout the last glacial cycle, and 

contribute to our understanding of their resilience and adaptive capabilities in the face of 

climate change. 
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a keystone species in the Barents Sea and Arctic Ocean 
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s.n.k.hoff@ibv.uio.no 

 

There is increasing awareness that anthropogenic stressors, including global warming and 

harvesting, impact the complex ecosystem dynamics of the Arctic Ocean. How a species 

responds to these stressors, however, will rely on its genomic architecture(s) and adaptive 

capacity. Here, we report on the genomic composition and diversity of the keystone fish species 

polar cod (Boreogadus saida) across parts of its distributional range. Preliminary analyses of 

whole genome sequencing data across the Northern Barents Sea region, including Icelandic 

and Russian waters, uncover high geneflow and little population structuring. Intriguingly, we 

identify several larger genomic rearrangements, displaying high degree of genetic divergence, 

and thus, indicative of signals of local adaptation. Our results provide new and valuable insights 

into the genomic architecture(s) and diversity of an ecological important species in a rapidly 

changing environment.  

Keywords: 

Genomics, management, population genetics, climate change, connectivity, marine 
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Catastrophic Dynamics in the Humboldt Marine Ecosystem Fisheries 

 

José Montero 

 

jomontero@uc.cl 

 

In the last decade, many of the world’s fisheries stocks have been declared collapsed or 

overfished, where 21% happened abruptly. This pattern suggests that stocks are susceptible to 

discontinuous dynamics with alternative stable states. Appling catastrophe theory in the 70s, 

Jones and Walters suggested that fisheries can collapse catastrophically with discontinuities 

and alternative stable states in their biomass dynamics due to increasing fishing pressure. The 

re-application of catastrophe theory in the last years showed that north Atlantic cod stocks 

collapsed catastrophically with hysteresis in their recovery due to oceanic warming and 

increasing fishing pressure. These results unveil a shift in the current understanding of the 

fisheries system and acknowledge that catastrophe theory could be used to understand potential 

catastrophic dynamics in other fisheries beyond the Atlantic Ocean. This research applied a 

stochastic cusp catastrophe model fitted with Fishing Mortality (F) and Sea surface temperature 

(SST) at different time lags to understand the collapses and catastrophic dynamics of the 

biomass of 18 data-rich stocks of crustaceans, demersal and pelagic fish from the Humboldt 

Marine Ecosystem (HME). Results show that at least 50% of the stocks behave catastrophically 

with hysteresis after collapsing. Remarkably, all demersal fish stocks show catastrophic 

collapse patterns driven by fishing mortality and time-lagged SST for several. From a 

management perspective, we suggest that environmental conditions be considered when 

deciding sustainable yields for biomass and fishing mortality. We provided strong evidence 

that a reduction in fishing pressure will not drive a fast stock recovery if the environmental 

conditions are not optimal, causing a hysteresis and multiple unstable and stable states in the 

dynamics of the HME stocks. 
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Transposable elements in chromosomal inversions of 

Atlantic cod 

Robin Arayaa. 

Supervisors: William Brynildsen Reinara, Ole Kristian Tørresena, Kjetill S. 
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aCentre for Ecological and Evolutionary Synthesis, Department of 

Biosciences, University of Oslo, Norway. 

robinaa@student.uv.uio.no 

Two ecotypes of G. morhua, the Northeast Atlantic cod (NEAC) and Norwegian coastal cod 

(NCC), exhibit fundamental differences in behavioural and life-history traits. Although both 

ecotypes share spawning grounds, mainly in the Lofoten islands, mating between them occur 

at low frequencies. The proposed genomic explanation for the ecotype divergence is frequency 

differences in large, inverted regions on chromosomes also termed linkage groups (LGs) 1, 2, 

7 and 12. Especially, the inversion on LG1 (a double inversion) is highlighted as a major 

contributor in generating different migratory behaviours between NEAC and NCC. Genomic 

inversion can be large (megabases) and contain many genes, potentially creating large-scale 

genomic islands of co-adapted alleles, so-called supergenes. How did the inversions in Atlantic 

cod arise, and could presence of transposable elements (TEs) play a role; these are key 

questions we have addressed. TEs are repetitive, mobile genetic elements, with the ability to 

transpose and amplify within the genome. Their repetitiveness and their ability to create 

secondary structures and facilitate ectopic recombination, provides potential mechanisms in 

creating both small and larger inversions. 

Using the latest reference assembly of the NEAC genome (gadMor3) we aimed to investigate 

the possible impact of TEs on the four genomic inversions on LG1, 2, 7 and 12 of Atlantic cod. 

First, we created a de novo repeat library for NEAC and performed annotation of repeats. 

Second, breakpoints were compared in each inversion of NEAC with dot plots. Areas that 

potentially indicated repetitive regions were further investigated. Third, TE content in these 

alignments were investigated for sequence similarity to investigate whether highly similar TEs 

appeared in multiple breakpoints. Further, we will compare TE content in NEAC breakpoints 

with syntenic breakpoints of NCC, investigating if there is a causal relationship between TEs 

and inversions in the cod genome. 

Preliminary results reveal the presence of several members of the TE superfamily DNA/hAT, 

which is a subcategory of TEs, in both breakpoints of LG7 and two of the breakpoints in LG1 

in NEAC. We also find significantly high repeat density in breakpoint regions of both LG1 and 

LG7. Both findings provide support of some correlation between TE presence and genomic 

inversions. 
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Lemmings have managed to carve out an impressive reputation for themselves, considering 

they only comprise one genus within the enormously diverse order Rodentia. The mystery of 

the populations’ cyclic dynamic has received much attention and remains largely unresolved, 

despite many theories. However, relatively little is also known about the evolution and 

phylogenetic relationship within the genus. Over the years, species and subspecies have been 

announced and disproved, and still today the taxonomy is not clear. 

Recent findings have suggested placing the lemmings of Novaya Zemlya – traditionally 

believed to belong to the species Lemmus sibiricus – as a subspecies of the Norwegian 

lemming, Lemmus lemmus. However, due to the probability that the new phylogenetic results 

are a result of previous mitochondrial introgression from L. lemmus, the population so far is 

treated as a part of L. sibiricus pending further research. In light of both previous uncertainties 

and new findings, it is highly relevant to investigate the molecular differences between the two 

proposed subspecies of L. lemmus.  

DNA from four different populations will be used to build a phylogeny to investigate 

relationships within the genus. Samples will be gathered from historical specimens held in the 

dry collections at The Natural History Museum of Oslo. Additionally sequences from newer 

samples through a collaboration with the University of Alaska Fairbanks will be used.  

Current studies of evolutionary relationships are mainly based on sequenced mitochondrial 

cytochrome b genes. We plan to use additional genetic markers that have proved useful in 

resolving the phylogenies of related species. Part of our research will also be the whole-genome 

sequencing of a L. lemmus specimen from Norway. This will be done as part of EBP-nor - the 

Norwegian initiative of Earth Biogenome Project – facilitated by the Centre for Ecological and 

Evolutionary Synthesis, UiO. The full genome of L. lemmus has not previously been 

sequenced, and apart from the contribution to general knowledge of all eukaryotic species’ 

genomes, this will provide an invaluable reference genome when working with historical 

samples. 
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Darwin’s overlooked radiation: genomic evidence points to 

the early stages of a radiation in the Galápagos prickly pear 

cactus (Opuntia) 

  

José Cerca, Dana McCarney, Claudia Henriquez, Bashir 

Tiamiyu, John McCormack, Jaime A Chaves, and Gonzalo 

Rivas-Torres, Felipe Zapata 

jose.cerca@gmail.com 

 

The origins, persistence, and diversification of species are best understood in oceanic islands 

where ecological communities are often simplified and environmental conditions provide 

replicates and variation for evolution to flourish. Surprisingly, many insular lineages remain 

understudied, with clear losses to our understanding of ecology and evolution. The prickly pear 

cacti (Opuntia) of the Galápagos are hypothesized to be undergoing the early stages of an 

adaptive radiation, where an ancestral lineage rapidly diversifies into multiple species, which 

are phenotypically and ecologically distinct. Here, we use genomic data to analyze patterns of 

within and among species in the Opuntia prickly-pear cacti. We address questions on the 

origins, persistence and diversification of a radiation missed by Darwin. We hypothesize that 

the wide morphological variation is decoupled from genetic variation in this charismatic group 

of plants, and that this lineage is in the early stages of radiation. 
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In an environment of high bacterial density, like the gut microbiome, horizontal gene transfer 

(HGT) between bacteria takes place. One of these mechanisms of HGT is via plasmids. In this 

study, we explore the possibility of analyzing plasmids in the human infant gut microbiome in 

a high-throughput manner using shotgun metagenomics data.  

Monthly shotgun metagenomics sequences of 12 infants from birth to one year of age are 

assembled using metaplasmidSPAdes. Filtering of the resulting scaffolds is based on the 

presence of a replication protein or a plasmid origin of replication, using the Pfam and DoriC 

databases respectively. To create bins in which all scaffolds are considered to originate from 

the same plasmid, scaffolds are pairwise aligned with the NUCmer tool of MUMmer. Pairwise 

total coverage, with >99.5% identity, of each scaffold by all other scaffolds is converted into a 

graph, with the nodes representing the individual scaffolds and edges a coverage of >90% of 

the scaffold length. Connected subgraphs form plasmid bins. Roughly, a third of the 244 bins 

are contained within the plasmid database PLSDB with a 99% identity using Mash screen. 

Given that most plasmids are still unknown, this is a good indication that most, if not all, bins 

contain plasmids or fragments of plasmids. 
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Fishy business, Atlantic salmon (Salmo salar) skin mucus 

microbiome dynamics during sea lice infection 
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The microbiome in fish mucus is one of the first surfaces to encounter environmental 

disturbances. This microbiome is a part of the mucus matrix that, again, is part of forming the 

skin barrier in fish. It could be argued that, for fish and other aquatic organisms, the mucosal 

aspect of the skin barrier is even more critical than in terrestrial organisms. The fish skin and 

mucus microbiota protect against injury, infections, and hazardous substances, signaling, 

sensing, and health of the fish. Despite the apparent importance of a well-functioning mucus 

barrier for fish health, research on the microbial skin mucus community is scarce. Earlier 

studies have revealed its high complexity, rapid changes with environmental gradients, and 

distinctness from the water microbiome. In addition, the fish skin mucus microbiome can 

respond within hours to disturbances.  

Further, its small metabolites are an even less studied part of the fish mucus. Still, some studies 

indicate that proteins and smaller molecules change when Atlantic salmon are infected with 

sea lice. Furthermore, studies show that certain copepods and some fish react to the presence 

of small metabolites from the predatory fish. The combination of using metabarcoding and 

metabolomics in studying the mucus of fish is a novel approach to understanding the dynamics 

of the skin mucus barrier under parasite stress. 

This master thesis aims to combine metabarcoding and metabolomics to understand the mucus 

microbiome and metabolome dynamics in Atlantic salmon exposed to sea lice infections. The 

experimental setup is with 60 fish held in 12 separate tanks. In each tank, there are fish with 

no lice (controls), fish with 1-2 lice (replicates in each tank), and fish with up to 5-6 lice 

(replicates in each tank), during the whole experiment. Samples have been taken before any 

fish has been infected and after three months of infection. This should allow to: 

1) Describe changes if observable in the microbiome and metabolome in Atlantic salmon 

exposed to sea lice 

2) And do changes in the microbiome and metabolome in Atlantic salmon correlate with 

sea lice infection and intensity of sea lice infection? 
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eDNA detection of elusive lampreys using qPCR and DNA- 

metabarcoding in Haldenvassdraget 
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The challenge with Lampreys is that their distribution is not well known, and many details 

about their life history are unknown. This is also true for a lot of other small-sized freshwater 

fish in Norway. Several freshwater fish are generally difficult to observe, catch and identify. 

These obstacles have challenged researchers for generations but nowadays we have a new tool, 

eDNA. eDNA gives the option of sampling the environment (water) where the organism 

resides, instead of sampling the organism (fish). 

In my thesis I have looked for and identified the three species of Lampreys that inhabit one of 

Norway’s largest river systems, Haldenvassdraget. I collected water samples for eDNA-

analysis from 45 different locations in the system, all the way from Floen in Aurskog-Høland 

to the coastal water in Halden. I expected to find brook lamprey (Lampetra planeri) and 

European river lamprey (Lampetra fluviatilis) throughout the entire drainage system, and sea 

lamprey (Petromyzon marinus) only close to the sea. 

Two replicated eDNA-samples from each locality were analyzed using both qCPR and DNA-

metabarcoding. It is important to note that river and brook lamprey cannot be separated using 

these markers. qCPR, which is species specific, whereas the DNA-metabarcoding also 

identified all potential fish species including lampreys. By using both methods I have been able 

to draw conclusions about the sensitivity of the methods, and I can therefore say something 

about which is better suited to be used on a larger scale, such as at a national scale. 
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Study of the behaviour of the Atlantic cod during the spawning period 
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Atlantic cod (Gadus morhua) have a complex reproductive process. Atlantic cod is a 

polygynandrous spawner and are utilizing a lek-like mating system. The males are aggregating 

at different locations at the spawning ground, where they are showing different movements and 

sounds to attract the females. The largest and most dominant males form an individual territory, 

which they defend against other males through aggressive interactions. The females are located 

separately from the males and move to the territories of the dominant males when they are 

ready to spawn. The females are deciding if the males have managed to successfully attract 

them. When the male has accomplished to attract a female, they will mate by swimming 

together upwards towards the surface. 

This behaviour can be observed by telemetry. In this study we had an artificial pond at the 

Flødevigen research station, owned by the institute of Marine Research, which is in Arendal, 

south-western Norway. We captured 45 cod from the sea outside Grimstad and Arendal, 

ranging in size from 43 cm to 80 cm. We tagged them with acoustic tags that had a built-in 

depth sensor and released them into the pond. There were six acoustic receivers moored at 

specific locations in the pond. The depth sensor sends a signal that reveals how deep the 

individual is in the pond. The transmitter sends an acoustic signal with an interval of a few 

seconds, which reach the nearest receivers. If the signal reach at least 3 receivers, the location 

can be triangulated to display precisely where the fish is in the pond. Once the observations are 

filtered, I will try to identify mating pairs, or mating groups, and quantify how often individuals 

spawn (they are batch spawners). 
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The European Eel (Anguilla anguilla) has a special ability to adapt to many different types of 

habitats, including freshwater, saltwater or brackish waters in  

many places in Europe. The species has a complex life cycle. They spawn in the Sargasso Sea, 

and the small leptocephalus larvae drifts with currents towards Europe to settle as yellow eel 

in continental waters until reaching the reproductive stage called silver eels. The silver eel 

finally returns to the Sargasso Sea for spawning. Even though the eels are widely distributed 

across Europe, they belong to the same panmictic population. 

European eels are protected in Norway, but a small scientific fishery operates in agreement 

with Institute of Marine Research. Every year since 2016 scientists has fished eels as part of 

this fishery. The eels are caught using fyke nets and individuals are tagged with PIT tags, each 

with its own code. If recaptured, the tags can be read with a PIT-reader. When capturing and 

marking the eels, measurements such as body length, size of eyes and length of fins were also 

written down. This can be used to do a “silvering index” to estimate the percentage of eels that 

are nearing the silver eel stage and probably will start the migration back to the spawning area. 

My master thesis focuses on the mark-recapture data collected from Austevoll, which is one of 

the sites where this scientific fishery has been done along the Norwegian coast. I will analyze 

the data using capture-mark-recapture (CMR) methods to get information on survival patterns 

and dispersal of the European Eel in the coastal zone. I will also try to estimate density and 

quantify changes over time.  
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Animal venoms are biochemical arsenals that contain a diversity of bioactive peptides and 

proteins collectively referred to as toxins, which is known for their complexity, toxicity, and 

as potential application for today‘s medicine, industry, and agriculture. Animal venoms are 

also useful models for studying the processes of evolution across levels of biological, or 

phenotypic, complexity. Centipedes are among the oldest, yet one of the least studied groups 

of predatory venomous arthropods. They have had similar morphology and life history for over 

430 Mya and can be morphologically compared to the earliest occurrence of this class. Their 

integrated venom systems are as well morphologically similar, and its venom is used for the 

same predatory/defensive purpose. Therefore, this gives us the opportunity to study how both 

a homologous venom system and its venom have evolved throughout its existence. Due to a 

discrepancy in venom complexity between larger and stronger species having greater venom 

complexity compared to smaller and weaker species, previous studies believes that the venom 

evolution is morphologically constrained. More specifically, the centipede venom evolution is 

thought to be constrained by anatomical properties of the venom glands. Our results indicates 

that venom complexity from our data correlates more to the complexity of the glands, compared 

to other morphometric parameters such as body size and gland mass. Our contribution of 

incrementally expanded a venom-specific database, creates a more correct BLAST search base 

for future studies when assessing the venom evolution in this group of arthropods. 

 

 

 

 

 

 

 

 

 

 

mailto:sebasthv@student.ibv.uio.no


21 
 

The evolution of ant venoms 

Anders Isaksen 

PhD Candidate, Centre for Ecological and Evolutionary Synthesis, 

Department of Biosciences, University of Oslo, Norway 

anders.isaksen@ibv.uio.no 

 

 

 

 

Ants are an extremely diverse family of insects, containing over 14,000 species. Like other 

hymenopterans such as bees and wasps, most ant species envenomate by a stinger. Despite the 

common misconception that ants have relatively simple, acid-based venoms, most have 

venoms dominated by peptide toxins. Research on this topic has been limited due to low venom 

yields, which make further purification and characterization challenging. With the emergence 

and increased sensitivity of different omics approaches, these challenges are now feasible to 

overcome. I will attempt to answer the question of why ants exhibit certain venomic peptide 

profiles, and how these interact across levels of biological and ecological complexity.  

Recently, the Undheim group found that the venom of the Australian greenhead ant, 

Rhytidoponera metallica, contains hyperdiverse peptides and that the source of this diversity 

is in large part intra-colony variation. I am currently characterizing the genetic and structural 

basis for toxin functional diversity in individual workers and at the colony level. We have found 

surprisingly high allelic diversity in responsible toxin genes. 

The toxins have distinct ecological roles, as reflected in differences in defensive, insecticidal 

and cytolytic properties. Under the working hypotheses that there are trade-offs in venom 

properties, I aim to test the function of selected allelic variants. Obtaining a more detailed 

understanding of functional differences between loci and, perhaps more importantly, between 

allelic variants is crucial to building accurate models with which we can better test our 

hypotheses on the underlying evolutionary mechanisms. 

I am currently investigating the venom composition and crude venom peptide spectra of the 

myrmicine red ant, Myrmica rubra. I have milked venom from workers from four different 

colonies. Also here, there seems to be differences in the venom profile among individual 

workers, both within single colonies and at the colony level. 
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Semi-domesticated reindeer Rangifer tarandus exert a major top-down control on plant 

biomass and biodiversity dynamics within the Fennoscandian arctic tundra ecosystem. 

Reindeer herding practices are complex and have been implemented for centuries by 

indigenous Sámi people. The interplay between historically established seasonal migration 

patterns and the management of reindeer stocking densities has resulted in considerable 

differences in pasture productivity, likely altering the nutritional base for reindeer. But 

surprisingly, how stocking density levels impact reindeer feeding preferences has never been 

investigated before. Comparing two herding districts with contrasting levels of reindeer 

densities, we aimed to assess the effect of reindeer density on the composition and diversity of 

the reindeer annual diet in Eastern Finnmark, the Norwegian part of Sápmi, the Sámi homeland. 

Using a state-of-the-art DNA metabarcoding approach, we quantified variations in the relative 

proportion of plant, lichen and fungi taxa in the reindeer diet, during their annual migration 

between winter and summer pastures. We found that seasonality rather than reindeer density 

explained the largest part of the variation in diet composition. Contrary to our expectations, 

diet diversity did not differ between districts with contrasting densities, except during winter 

where, surprisingly, reindeer from the high density herding district displayed higher diversity 

in their plant diet. But the intake of lichens – an essential and limiting winter food resource - 

did differ, with reindeer from high density areas incorporating a significantly smaller 

proportion of lichens in their winter diet. However, we also show that contrary to the common 

understanding, lichens represent a prevalent food resource in all seasons, and its proportion in 

the reindeer diet remains high regardless of potential differences in availability. Our results 

suggest that the impact of stocking densities on reindeer feeding preferences is complex, 

strongly dependent on the season and on whether the focus is on the plant or lichen fraction of 

the diet. In higher densities areas reindeer do have a lesser intake of lichens during winter but 

also a more diversified plant diet. This adds to the evidence that persisting herbivory by 

reindeer might induce a vegetation shift towards more diversified and productive tundra plant 

communities. 
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Agricultural practices are changing all over the world putting biodiversity at risk. Changes to 

farming includes both extension of area and intensified use of existing areas, but also 

abandonment of farmland. Understanding how different land use practices affect biodiversity 

and ecosystems has become a key issue for conservation. However, agriculture also contribute 

with subsidies to wildlife in the form of high-quality food. In this way, the natural and farmed 

landscapes have coupled dynamics. 

Red deer have shown to utilize high-nutrient grass produced in fertilized grasslands, and this 

grazing may remove more than half of the biomass production. The size of the Norwegian red 

deer (Cervus elaphus) population is today historically high, and the red deer locally damage 

agricultural crops at the west coast of Norway. Yet, we lack estimates of the level and variation 

of grazing pressure at broader scales. 

The aim of this thesis is to measure and identify landscape level drivers of red deer grazing 

pressure on agricultural meadows in the county of ‘Møre og Romsdal’, Norway. 

Field work was conducted in the periods May-June and July-August 2021. Grazing pressure 

was measured along transects following a spatially hierarchical design. I am currently working 

on analysing the spatial variation in grazing pressure within the meadow, between meadows in 

the local area and between meadows in the larger region, and relating the variation to 

population density of red deer, topography, and distance to coast. 
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Natural and agricultural landscapes have coupled dynamics as agricultural farmland 

contributes with high quality forage subsidies to wild herbivores. Land use and climate changes 

have contributed to an extreme growth in the populations of wild red deer (Cervus elaphus) 

causing damages to crop. Yet, we have little quantitative knowledge of how much farming 

contribute to the production of red deer, the drivers of their use of farmland and how to predict 

and mitigate grazing damages. Herbivores’ use of farmland has rarely been assessed at multiple 

spatial and temporal scales simultaneously, and there are few detailed studies of how the use 

of agricultural areas vary between individuals within the same species. Accordingly, the 

primary objective of my PhD project is to understand the role of farmland to the wild red deer 

under climate change as a basis for damage prediction and control. My current topic of focus 

is to understand the red deer’s patterns of use of agricultural farmland. Using 15 years of data 

from a total of 470 red deer tracked using GPS collars in Norway, I have investigated how 

individuals vary in their use of farmland depending on individual level variation such as sex 

and migration status, as well as variation in landscape and climatic factors, specifically 

population density, availability of agricultural farmland, elevation, geographic region, light 

levels, season, snow levels, temperature, and spring vegetation onset. Increased knowledge on 

the drivers and patterns of the red deer’s use of farmland can be useful in management of 

Norway’s most abundant game species and reduce human-wildlife conflict through damage 

mitigation.  
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Climate change may lead to changes in optimal timing of important life history events, such as 

calving time for large herbivores. However, quantifying changes in calving time is challenging 

for animals living in densely forested areas and hiding during calving. Recently, methods using 

GPS-data to determine calving time have been developed based on earlier observations that 

deer's behavior changes around time of calving. One of the patterns known from previous work 

is that they move less and use movement is more confined to a smaller area. I aim to determine 

calving time for red deer (Cervus elaphus) based on GPS data from 446 red deer from large 

parts of western Norway and some areas in eastern Norway collected in the period 2005-2021. 

Some animals are monitored over several years, so data include 799 possible calving events. 

For some of the animals there is known calving date, which can be used to calibrate the 

methods. I aim to test whether calving time has been affected by climate variation and 

population density. I have so far plotted step length (distance from one GPS position to the 

next) over time for each individual, and then I have read out the calving time from the results 

(based on lowest step length). The results from this simple approach proved not to identify 

likely calving time, as there was often no clear pattern of less movement at expected time of 

calving. Now I am in the process of implementation of more sophisticated methods using a 

number of different movement metrics to facilitate detection of calving time. If successful, I 

will then analyze variation in calving time related to landscape variables (distance to coast, 

topographic variation), climate and population density, and test how calving time relates to 

migration time in the spring. 
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Small mammals are competent transmission hosts to a range of pathogens with zoonotic 

potential, including the tick-borne pathogen Borrelia afzelii causing Lyme borreliosis in 

humans. Little is known of the effects B. afzelii has on the host in regard to parasitic co-

infections and changes in diet. Helminths lay many eggs that are shed and in host faecal matter. 

However, counting the eggs is time consuming as well as requires specialized training and 

expertise. Using DNA metabarcoding is preferred as it is compatible with degraded DNA, has 

proved to work well with frozen faecal samples, and enables simultaneous determination of 

diet. The aim of this study that is part of the #TimeLyme project is to quantify diet and patterns 

of parasitic co-infections in wood mice (Apodemus sylvaticus) and the bank voles (Myodes 

glareolus) using DNA metabarcoding. Using frozen faecal samples, we will compare 20 B. 

afzelii positive hosts with 20 negative hosts of each rodent species to determine the extent to 

which the tick-borne pathogens B. afzelii affect diet and/or load of gastrointestinal parasites in 

the two small mammalian species.  
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Climate warming is currently shifting the distribution of ticks to higher latitudes and altitudes, 

and the incidence of tick-borne diseases is increasing in Europe and North America. A better 

understanding of the underlying factors that influence the dynamics tick-borne diseases is 

therefore urgently needed.  

The pathogens within the Borrelia burgdorferi sensu lato complex causing Lyme disease is 

vectored by the generalist Ixodes ricinus tick. The most common of these pathogens, Borrelia 

afzelii, has a natural reservoir in small mammals. However, we have a limited understanding 

of the role of the different species of small mammals and how individual heterogeneity in hosts 

affects infection levels and tick infestation in hosts, that in turn may affect the transmission 

dynamics of B. afzelii. My PhD project aims to investigate how tick load and pathogen 

infestation levels are affected by host traits such as body size and sex, and how they vary as a 

function of climate and host density. 

Here I present preliminary results from analyses of 415 captured individuals of small 

mammalian hosts and 1045 individual ticks, indicating how individual traits like body mass 

and sex affect larval and nymphal tick burden in three main host species, and how individual 

host traits affect successful feeding in ticks.  
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Climate change has altered the distribution of vector borne diseases globally. Lyme borreliosis 

is the most common vector borne disease in the Northern hemisphere, impacting large regions 

of Europe, North America and Asia. In Europe, Norway is at the expanding northern 

distribution range of Lyme borreliosis, with cases spreading into municipalities at higher 

elevations and higher latitudes over recent decades. Lyme borreliosis has been notifiable in 

Norway under consistent reporting criteria since 1995. The national surveillance approach in 

Norway presents a unique opportunity to study the expansion of a vector borne disease through 

diverse ecoregions unified under a single surveillance umbrella. My research explores spatial, 

temporal and demographic trends in national Lyme borreliosis disease data in Norway, with 

the ultimate goal of expanding our understanding of the complex ecological linkages 

underlying vector borne disease dynamics. I am particularly interested how identifying changes 

in the timing of cases can yield insights into climate effects on disease systems. I am also 

interested in demography and heterogeneity in populations, and demonstrating how 

consideration of demographics can yield improved insights into disease trends. 
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Bird species have declined worldwide as a result of anthropogenic disturbances such as large-

scale land use, intensified cultivation and climate change. A widely distributed colonial 

waterbird, The Black-Headed Gull (Chroicocephalus ridibundus) (BHG), has declined in 

several European countries. In Norway, the latest population estimate from 2021 is an 85% 

decrease in 30 years, putting the BHG within the category of CR (critically endangered). A 

significant proportion of the population in Norway breeds in the Oslofjord, where the colonies 

have overall low breeding success. 

In this master project BHG colonies in the Oslofjord area have been monitored with drone 

weekly (end of april to june 2022) to obtain the numbers on breeding success and pairs. A 

capture-mark-recapture analysis will be conducted to obtain an estimate on nest survival. In 

addition, four colonies have been monitored with surveillance camera to track the frequency of 

predation. 

This project aims to contribute in understanding why the BHG colonies in the inner Oslofjord 

area are declining. The first major goal is to investigate the frequency of predation and how it 

affects breeding success in various colonies in relation to colony size and nest survival. A 

secondary goal is to understand the impact of juvenile survival versus nest survival on the 

population. How important is nest survival compared to juvenile survival, and are there 

differences between the colonies? How do these life history parameters influence population 

growth? 

The black-headed gull serves as an umbrella species in the ecosystem, protecting other 

threatened bird species through their colony defense. The population estimates carried out in 

this thesis may lead to more direct conservation actions towards the BHG and help estimate 

the total population in the Oslofjord, which is crucial to assess their conservation status 

correctly.  

 

 

 

 

 

mailto:sinedh@student.ibv.uio.no


30 
 

Estimation of population density using drones: The case of red deer (Cervus elaphus) 

and chronic wasting disease management in Norway 

Julie Bommerlund 

Centre for Ecological and Evolutionary Synthesis, Department of Biosciences, University of Oslo, Norway 

juliebom@uio.no 

Supervisors: Torbjørn Ergon, Atle Mysterud, Simon Filhol 

 

Precise and accurate information about population numbers is crucial within wildlife ecology, 

for example to effectively manage disease threats. After chronic wasting disease was detected 

in a reindeer (Rangifer tarandus) population in Norway, concerns that moose and red deer in 

the area would contract the fatal disease arose. Aiming to lower the probability of such a 

spillover, the Norwegian Environment Agency recommended that the at-risk moose and red 

deer populations should be reduced to less than one animal per km2. However, accurate and 

precise estimates on absolute densities of deer are difficult, often impossible, to obtain using 

traditional data collection methods. This is especially true for elusive species living in 

inaccessible areas. Current estimates of red deer (Cervus elaphus) abundance and density in 

Norway are unreliable with no known degrees of uncertainties. Thus, these estimates do not 

suffice when it comes to determining the harvest quotas needed to reach the population density 

goal set by the authorities. The purpose of this thesis was therefore to develop a method for 

more reliable population estimates of red deer using drones. In a case study approach, the 

drones were used to collect data from four different sampling areas in Lærdal, Norway. 

Detections of red deer in the drone images were then recorded using a double-observer protocol 

and hierarchal state-space models were fitted to the data using a Bayesian approach to obtain 

posterior distributions of absolute deer density. Although the produced critical intervals were 

rather wide, the results revealed that absolute red deer density estimates with quantifiable 

uncertainties can be produced using this method. Furthermore, the method showed great 

potential for reliable spatiotemporal comparisons of deer density estimates.  
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Shade coffee plantations in Ethiopia are well known for being bird-friendly and providing 

refuge for endangered tree species. Little is known about the extent to which these plantations 

contribute to mammal conservation and their sensitivity to coffee management intensification. 

Our study examined the spatial and temporal patterns of mammals in southwestern Ethiopia 

under three coffee management systems of varying intensity (i.e., semi-forest, semi-plantation, 

and plantation) and in nearby natural forests. In addition, we investigated disturbances and 

resource gradients that influence mammal density. The infrared camera traps were set up at 90 

locations for a total of 4142 camera days in order to detect mammals. The Shannon-Wiener 

diversity index, a generalized linear mixed model for comparing independent detections, and 

non-metric multidimensional scaling were used to show the composition of the community. 

Using kernel density functions of activity times, we developed activity overlap plots. There 

were 8815 digital videos recorded and 23 types of mammals were identified. Overall species 

richness, diversity, and detection of mammals were not significantly different between the 

traditional shade coffee systems and the natural forest. However, it was lower in the plantation 

coffee system. There are also differences in resilience among mammal community 

compositions to coffee management intensity, with primates generally being more tolerant. As 

coffee forest management intensifies, ungulate activity patterns shift towards crepuscular and 

nocturnal patterns. Mammal detections in shade coffee forests are correlated with nearby 

wetlands, water sources, and plant diversity. A diverse mammal community can be found on 

Ethiopian shade coffee farms that are traditionally managed. In order to ensure coexistence and 

a win-win situation, humans should reduce their interference with coffee habitats at night, early 

morning, and late afternoon. In Ethiopian coffee forests, protecting wetlands, water sources, 

nearby natural forests, and diverse plant species appear to be key factors for mammal 

conservation. To conserve mammals in Ethiopia, it is necessary to support traditional coffee 

management practices and certify them as mammal-friendly. 
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There are six species of Flamingo in the world, but only two of them can be found on the 

African continent. These two species are the Lesser Flamingo (Phoeniconaias minor) and 

Greater Flamingo (Phoenicopterus roseus), where the Lesser Flamingo is the smallest of them. 

Their presence and distribution are strongly influenced by the food supply, but factors such as 

breeding sites, predation pressure and specific water characteristics are also decisive. Lesser 

Flamingos are fine filter feeders and are specialized to eat microscopic cyanobacteria and 

benthic diatoms. However, Greater Flamingos are generalists consuming small planktonic and 

benthic animals (like mollusks and annelid worms), copepods and small fishes. Because Lesser 

and Greater Flamingos have two different feeding strategies, I will assume that these two 

species will not compete with one another, but the availability of potential food items can 

change this situation.  

In this project I will study the spatial distribution and overlap of the two flamingo species in 

the Cheleklaka wetland area in Ethiopia. Second, I will try to figure out to what degree the two 

species prefer different diets and compete for the same food. Third, I want to investigate how 

the availability of potential food items in the wetland affect the abundance and behavior of the 

two species.  
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The Mountain Nyala, Tragelaphus buxtoni, is a species of antelope endemic to the highlands 

of central Ethiopia, belonging to the spiral horned family of Bovidae. Large herbivores in many 

parts of the world are losing their habitat due to human activities such as livestock and 

poaching, and the mountain nyala is no exception. They have been on the list of endangered 

species since 2002, according to The International Union for the Conservation of Nature 

(IUCN). An adult male can weigh over 300 kg and have horns normal to the spiral-horned 

antelopes. Females usually weigh between 150-200 kg, and each individual has a unique 

pattern of spots and stripes. Since forest dwelling African ungulates generally have received 

less attention than their counterparts on the savanna grassland, shifting some of the focus over 

on these vulnerable species could prove beneficial. Trophy hunting has been proposed as an 

important tool in conservation by giving wildlife economic value for the safari companies. 

However, it could also have a negative effect due to problems such as overharvesting. By using 

existing data, we will attempt to build a model that can help us better understand the impacts 

trophy hunting has on the population of Mountain Nyala in Ethiopia. 
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The University of Oslo (UiO) is collaborating with Addis Ababa University (AAU) through 

the NORPART student exchange program. A goal behind this is to perform biodiversity 

surveys in a remote and little-known area of south-western Ethiopia. The work will be 

facilitated through collaboration with Akobo Minerals, a small Norwegian gold mining and 

exploration company.  

With taking the bio-surveys, the goal is to map, describe, and quantify biodiversity in the area 

with respect to a wide range of fish in riparian ecosystems. Ultimately, to identify conservation 

priority areas as well as threats to biodiversity in the area. 

Method: 

Some methods that can be conducted to gather data needed to perform the biodiversity-survey 

could be and may involve water sampling (environmental DNA), fish catching methods, such 

as beach seining and traditional fishing or even buying fish from a local market for tissue 

sampling. 

My goal: 

I will travel to Ethiopia and conduct bio-surveys in one or multiple riparian systems in the area 

using eDNA and tissue samples to identify different species of fish via molecular methods. 

Prior to this: 

1) I would need permits from Ethiopia to gather samples (i.e. tissue) and Mattilsynet 

(Norwegian Food Authority) to bring samples (DNA and tissue) back to Norway. 

2) I need to find out what type of database and catalogue of species are known in the area 

and if they are viable to make the comparisons to the eDNA. If not, I would need to 

make one myself with an expert who knows the species on a morphological level to 

then cross-reference these into a database. 

3) I need to get a research visa/vaccine in order. 

Hopefully everything goes swimmingly and on the end of this study there will be a molecular 

catalogue of the known fish species in the different waterways. Where the fish were found and 

how abundant they were. Finally, as a bonus design an improved phenetic tree by putting fish 

in a more accurate taxa due to the use of genomic data. 
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Synchrony is defined as the coincident changes in time-varying characteristics of 

geographically disjunct populations (Liebhold, A., Koenig, W.D., Bjørnstad, O.N., 2004). The 

phenomenon is quite common in nature, although the underlying mechanisms are often not 

known. Synchrony, and its spatial patterns, can have long-term consequences for the 

persistence of meta-populations, and can be used to infer drivers for population dynamics in 

different species (Olin et al. 2020). 

Black-legged kittiwake (Rissa tridactyla) is a pelagic-foraging seabird breeding in colonies 

along the coast of Norway. Previous studies on colonies in Great Britain has shown that 

synchrony between colonies is mostly driven by the availability of their main prey species (Olin 

et al. 2020). 

Kittiwake colonies are found along the northern parts of the Norwegian coast. In these areas 

the Norwegian coastal current is an important vector for transport of fish larvae from the 

spawning grounds on the coast of Norway to the Barents Sea of several economically important 

species, such as cod (Gadus morhua), herring (Clupea harengus), and haddock 

(Melanogrammus aeglefinus). Similar to what was shown by Olin et al (2020) in UK, where 

the breeding is synchronized by the sand eel, we suggest that the breeding of kittiwake along 

the coast of Norway is synchronized by the prey drifting on the Norwegian current. The 

relationships might, however, be more complex here.  
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