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Three incarnations of SYNTHESYS – where are we and what comes next? 
 
Irene Bisang1 
1) Swedish Museum of Natural History  
 
Natural History Collections (NHC) are an essential part of the world’s natural and cultural capital. They 
stand for collective scientific efforts of more than 500 years. European institutions maintain together 55% 
of the global NHCs, or more than 1.5 billion specimens. Eighteen major NHC organisations in Europe, 
holding almost 400 m biological, geological and paleontological specimens, have joined forces to create 
SYNTHESYS, an integrated European infrastructure for researchers in the natural sciences. 
SYNTHESYS enhances accessibility to its NHC, supports (systematic) research on them, and promotes 
collection management activities to ensure their long-term maintenance, through three main strands of 
work (Transnational Access, Joint Research Activities, Network Activities). Starting in 2004, 
SYNTHESYS has since received continuous European Commission funding to three interconnected 
projects. This clearly demonstrates the significance assigned to NHC as a key research infrastructure by 
the Commission. During its three incarnations so far, >3,800 individual scientists have benefitted from 
SYNTHESYS support for their NHC-based research, which resulted in over 4,500 scientific outputs. I 
will present both research highlights and major activities of the collaborative work strands. The future of 
SYNTHESYS is leading towards the development of a pan-European NHC infractructure to be operated 
as a "Distributed System of Scientific Collections" (DiSSCo). This initiative is currently backed up by 18 
national governments. It will increase quality and quantity of NHC research, facilitate new approaches to 
the study of natural diversity, but also open up for new uses of NHC targeted research on the societal 
challenges. 
 
 
 
Citizen science – can it contribute to your organization? 
 
Kjell Bolmgren1 
1)Swedish National Phenology Network, Swedish University of Agricultural Sciences 
 
Citizen science allows universities to open up, to invite passionate amateurs and beginners to participate 
in, contribute to and improve science. CS allows you as a scientist to repeatedly share your professional 
knowledge – your subject, scientific methodology and the culture of transparent scientific analysis – into 
the open society. CS opens up research to critique and new questions from the experienced and curious 
public. Access to numerous participants and the amazing development of (mobile) apps, CS adds to our 
methodological toolbox. Social media allows wider and more efficient spread of scientific results and 
direct interaction with a wider audience (among them journalists). CS requires a lot of effort. You need to 
interact frequently with the participants, you need to develop the experimental design, data collection, 
support and analyses carefully. But, if you have a scientific question or other motives where CS may be 
beneficial for you, I will argue that CS will enhance your scientific life in many ways. Swedish CS already 
contributes millions of work hours, generates data used for science, wildlife management, climate change 
monitoring, and support the implementation of EU regulations and other international agreements. Can it 
contribute to the productivity, efficiency and goals of your organization? 
 
 
 
 
 
 
 



Next generation sequencing and species delimitation 
 
Patrik Cangren1 
1)Dept. of Biological and Environmental Sciences, University of Gothenburg 
 
The concept of species is fundamental in biology and in both conservation and research species are 
commonly used as a fixed unit. Despite this, the process of species delimitation can be a very subjective 
endeavour, traditionally based on morphology or single genes, and it is not uncommon for individual 
authors to make different interpretations of relevant data and characters. Much of this confusions is due 
to the multitude of available species concepts which has been discussed for decades without reaching 
consensus, causing many scientists to avoid the subject altogether. This is highly problematic since 
incorrect species delimitations can effect the results of both scientific research and conservation. Recent 
development however have brought previously infeasible methods for species delimitation based on 
current theoretical models within the reach of scientists. The development of Next Generation Sequencing 
during the last decade has made it feasible for scientists to collect large amounts of genetic data from 
multiple loci, and this progress together with the steady increase in computational capacity finally allows 
scientists to use probability based analysis of multi-locus molecular data in order to delimit species. Here 
I will go through some examples of cases where species delimitation from traditional methods might fail 
to produce robust results and give some background information to why it is. I will also present an example 
of species delimitation in Silene acaulis (L.)L. based on multi-locus DNA sequence data analysed using 
the software STACEY. STACEY is a recently developed fully parameterised method based on the Multi 
Species Coalescent and Bayesian probability that simultaneously infers the posterior probability of the 
estimated species tree and the species delimitation based on multi-locus molecular data, without the 
requirement for a priori input of individual-species associations, expected number of species or the use of 
a guide tree. This great step towards a more data driven delimitation of species have the potential to be a 
great aid towards the goal to identify the complete biological diversity present in our world today and help 
scientist draw more robust conclusions from their research. 
 
 
 
Nyheter från ArtDatabanken 
 
Artur Larsson1, Rikard Sundin1, Lena Sundin Rådström1 
1) Swedish Species Information Centre, Swedish University of Agricultural Sciences 
 
News from the Swedish Species Information Centre (ArtDatabanken, SLU) are presented, focusing on the 
Swedish Taxonomy Initiative (STI). Since last year’s Systematikdagarna conference in Lund, the Swedish 
Government provided STI with updated guidelines and the budget for 2016 was increased by 15 million 
SEK. We will present news on Artfakta (our digital species information system) mainly regarding its 
functionality and content (present and future). We briefly present which new taxonomic research and 
inventory projects that were granted support in the latest application round. Finally we will give 
information about STI’s museum support and on Nordic cooperation concerning taxonomic databases. 
 
 
 
 
 
 
 
 
 
 
 
 
 



Swedish Alysiinae, spretkäksteklar 
 
Julia Stigenberg1 
1)Zoology, Swedish Museum of Natural History 
 
Parasitic wasps comprise a great portion of the animal diversity that remains to be described. The 
Braconidae are one of the most diverse families of parasitic wasps. They acts as parasitoids on many insect 
orders utilizing them as hosts for their own development. They play an immensely important role in 
terrestrial but also in aquatic environments and food webs (Bennet, 2007). Ecosystem services, biological 
control agents, biodiversity, conservation, evolution of parasitism and host parasitoid relations – there is 
so much to study and learn from parasitic wasps. 
 
 
 
The Neoaves problem - beyond the biological limits of phylogenetic resolution? 
 
Alexander Suh1 
1)Evolutionary Biology, Dept. of Evolutionary Biology, Uppsala University 
 
Birds have arguably been the most intensely studied animal group for their phylogenetic relationships. 
However, the recent advent of genome-scale phylogenomics has made the forest of bird phylogenies even 
more complex and confusing. I will show here that most parts of the avian Tree of Life are now firmly 
established as reproducible phylogenetic hypotheses. This is to the exception of the deepest relationships 
among Neoaves. Using phylogenetic networks and simulations, I argue that the very onset of the super-
rapid neoavian radiation is irresolvable because of eight near-simultaneous speciation events. Such a hard 
polytomy of nine taxa translates into 2,027,025 possible rooted bifurcating trees. Accordingly, recent 
genome-scale phylogenies show extremely complex conflicts in this (and only this) part of the avian Tree 
of Life. The early neoavian polytomy coincides with the Cretaceous-Paleogene (K-Pg) mass extinction 
and is, to my knowledge, the first empirical example of a hard polytomy. This example illustrates the 
necessity for three paradigm shifts avian phylogenomics as well as genome-scale phylogenomics in 
general: 1) Bootstrap and conventional Bayesian posterior probabilities should not be the only measures 
for topological support. 2) Every phylogenetic tree hypothesis should be accompanied by a phylogenetic 
network for visualization of conflicts. 3) Hard polytomies exist in nature and should be treated as the null 
hypothesis in the absence of reproducible tree topologies. 
 
 
 
Basidiomycete yeasts as hidden partners in ascomycete lichens 
 
Veera Tuovinen1 
1)Dept. of Ecology, Swedish University of Agricultural Sciences 
 
For 140 years lichens have been described as a symbiosis between a fungus and photosynthesising 
partners. Lichens repeatedly host a wide range of additional fungi and bacterial communities but their role 
has been considered nonessential for the formation of the symbiosis. We found that previously unknown 
basidiomycete fungi (Cyphobasidium spp.) are widespread components of several macrolichens and that 
their abundance explains phenotypic variation in some cases. We could locate these fungi into the lichen 
cortex. With this study, the role and diversity of the different organisms involved in one of the oldest 
known symbioses need to be reconsidered. 
 
 
 
 
 
 



Swedish sawflies: Adding pieces to the jigsawfly puzzle 
 
Hege Vårdal1 
1)Zoology, Swedish Museum of Natural History 
 
 
Since 2012, the Swedish Taxonomy Initiative has funded a project treating the Nematinae belonging to 
the largest family of sawflies, the Tenthredinidae. The nematines are particularly rich in northern Europe 
and the Fennoscandian fauna includes more than 75% of the European Nematinae species and about 650 
species can be found in Sweden. The nematinae larvae are more of less host specific, but possibly less so 
than previously believed and a large proportion of the species feed or induce galls on several species of 
willows. The classification and nomenclature have been chaotic and the first aim of the project was to 
develop a new generic classification based on a molecular phylogeny, resulting in synonymizations and a 
reduction of 49 to 34 genera, and an illustrated key to genera was given. At present 5 of the 13 genera 
found in Sweden are being revised. It proved to be increasingly necessary to use molecular techniques to 
help solve many of the difficult taxonomic problems in the group. In the course of the project at least 45 
species of sawflies have been recorded for the first time in Sweden, which was surprising as sawflies may 
be quite large and conspicuous insects. 
 
 
 
The first large-scale historical biogeographical study of spikemosses reveals surprising patterns 
 
Stina Weststrand1 
1)Systematic Biology, Dept. of Organismal Biology, Uppsala University 
 
Selaginellaceae, spikemosses, is a lycophyte family with a history dating back some 350 million years. 
Selaginella selaginoides (dvärglummer) is the single Swedish species; the rest of the ca. 750 species are 
mainly found in the tropics. Recently, we presented a large-scale phylogeny of Selaginellaceae and with 
that as a framework, we have studied the historical biogeography of the group. Besides its old age, 
Selaginellaceae is an interesting study system due to its heterospory. Both small microspores and large 
megaspores are involved in reproduction and the “large” size of the megaspores (0.2–1.2 mm) is thought 
to have a negative effect on dispersal. The results of our historical biogeographical analyses are surprising 
and change our view on which plants that disperse over long distances. 
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Excipulum Structure of Opegrapha, Alyxoria and Zwackhia 
 
Georg Hillmann1, Felix Schumm2 and Göran Thor1 
1)Dept. of Ecology, Swedish University of Agricultural Sciences 
2)Institute of Lichenology, Wangen, Germany 
 
Based on molecular results, several Opegrapha species have been assigned to other genera. The aim of 
this study was to investigate if there are differences in excipulum structure between Alyxoria, Opegrapha 
and Zwackhia. Microscopic examination of the excipulum of Alyxoria culmigena, A. ochrocheila, A. 
varia, Opegrapha vulgata, Zwackhia sorediifera and Z. viridis was performed on 3–5µm thick sections. 
Small portions of the ascomata were frozen in water and cut with a freezing microtome. The sections were 
incubated with NaOCl (chlorine 1:10), and the progressive dissolution of the dark excipulum pigmentation 
was photographed continuously using a light microscope. Maximum dissolution time was about 50min. 
A computer-generated contrast enhancement of the hyphal walls was made with Adobe Photoshop. The 
molecular data concerning the distinction of the genera Alyxoria and Zwackhia could be supported by 
morphological differences. The excipulum hyphae of Alyxoria originate from the hypothecium while in 
Zwackhia they apparently originate from a layer below the hypothecium. Thus, our results indicate that 
excipulum structures can be used to distinguish these genera. For the morphological differentiation of 
Opegrapha vulgata and Alyxoria spp. more investigation is required. 
 
 
 
Taxonomic assignment of environmental sequences, with special emphasis on marine nematodes 
 
Oleksandr Holovachov1 
1)Zoology, Swedish Museum of Natural History 
 
Identification (taxonomic assignments) of environmental sequences (metabarcodes) generated using NGS 
technologies is discussed. Different approaches are compared using marine nematodes as an example. 
Benefits and drawbacks of these approaches are evaluated. 
 
 
 
Nordic Lichen Flora – Vol. 6, Verrucariaceae 
 
Roland Moberg1 and Georg Hillmann2 
1)Museum of Evolution, Uppsala University 
2)Dept. of Ecology, Swedish University of Agricultural Sciences 
 
På initiativ av Nordisk Lichenologisk Förening (NLF) startades på 1990-talet ett projekt kallat Nordisk 
Lichen Flora där alla nordiska lavarter skulle behandlas ingående med litteraturuppgifter, beskrivning, 
habitat och känd utbredning kompletterad med kartor. Vi har nu kommit till den sjätte volymen och den 
behandlar delar av familjen Verrucariaceae. Här presenteras några av de ingående arterna. De tidigare fem 
volymer som utkommit har behandlat i tur och ordning calicioida lavar, Physciaceae, cyanolavar, 
Parmeliaceae och Cladoniaceae. Vol. 6 behandlar alltså delar av familjen Verrucariaceae och där ingår 
släkten som Atla, Catapyrenium, Dermatocarpon och Polyblastia. Vi räknar med att volymen skall vara 
klar i år. Ett av de svåra problemen har varit fotografier av de skorplika arterna men vi vill härmed visa 
att det är möjligt med moderna metoder. 
 
 
 



Species of the genus Suberites in Sweden: why diversity assessments are not just counting species 
 
Raquel Pereira1 and Mikael Thollesson1 
1)Systematic Biology, Dept. of Organismal Biology, Uppsala University 
 
The Swedish sponge fauna is still poorly known, and the majority of the contributions are historical, hence 
in need to be revised. In spite of this, it is known that Swedish sponge fauna has a high diversity within 
the family Suberitidae Schmidt, 1870. This family is, however, characterized by a confused skeleton and 
high morphological plasticity. This fact led to a 200’s year taxonomic literature and numerous synonymies 
for many of its species. Thus, it is likely that its real diversity, is underestimated. The present project aims 
to solve the systematic issues, regarding the genus Suberites (Nardo, 1833) (type genus for the family), 
thus contributing for a better overview on the Swedish sponge fauna. In order to do so, it is necessary to 
analyze specimens, not only from Sweden, but also from museum collections, particularly types. Over the 
last year we sampled specimens from two zoological collections: Zoological Museum, University of 
Copenhagen, Denmark, and Naturalis Biodiversity Center, Netherlands, with 191 and 97 specimens, 
respectively. To this adds 78 specimens from the Swedish West Coast, and others from relevant zoological 
collections still to be visited. 
 
 
 
Sisiphos close to the mountain top 
 
Eckhard von Raab-Straube1, T. Henning, C. Aedo, M. Aghababyan, N. M. G. Ardenghi, E. Banfi, W. G. 
Berendsohn, S. Bräutigam, S. Castroviejo (†), M. Christenhusz,G. Domina, B. Estébanez, B. Foggi, G. 
Galasso, W. Greuter, R. Hand, J. Harber, W. Hempel (†), V. H. Heywood, E. Hörandl, D. Iamonico, P. 
Jiménez-Mejías , S. L. Jury, J. Kirschner, A. Kurtto, Magnus Lidén2, M. Luceño, K. Marhold, S. Martín-
Bravo, J. Müller, E. Nardi, C. Navarro, J. Pedrol, M. Piirainen, H. Scholz (†), A. Sennikov, J. Štepánek, 
P. Uotila, B. Valdés, J. L. Villar and H. E. Weber 
1)Botanischer Garten und Botanisches Museum Berlin-Dahlem, Germany 
2)Systematic Biology, Dept. of Organismal Biology, Uppsala University 
 
Euro+Med PlantBase (E+M), a permanently updated checklist of all vascular plants for Europe and the 
Mediterranean countries, is almost completed. E+M is one of the most detailed resources on plant 
biodiversity in the Euro-Mediterranean area including the Caucasus, bridging the gap between global 
checklists and regional or country level floras. Flora Europaea, Med-Checklist, Flora of Macaronesia, 
national and regional floras and checklists, and hundreds of articles and monographs, have been checked. 
New literature is evaluated and integrated by experts. E+M gives access to 96% of European taxa with 
30.280 species + 10.503 subspecies, including Alchemilla, Hieracium, Pilosella, the Ranunculus 
auricomus agg., Rubus and Taraxacum). E+M provides 43.195 accepted names and 123.540 synonyms + 
distribution maps. The highest number of species has Turkey, then Italy, Greece, Spain. E+M is a major 
contributor to the Pan-European Species-directories Infrastructure (PESI), the main all-taxa inventory for 
European species. 
 
 
 
 
 
 
 
 
 
 
 
 



Systematic biology as World Heritage – possible or not? About the project "The Rise of 
Systematic Biology" 
 
Anja Rautenberg1 
1)Länsstyrelsen i Uppsala län 
 
"The Rise of Systematic Biology" is a Swedish initiative to nominate a selection of historic botanical 
gardens and excursion areas around the world to the UNESCO World Heritage list, because the sites were 
important to the development of systematic biology in the 18th century. The field of science that we today 
call systematic biology evolved rapidly during the 18th century. This development has resulted in 
immaterial heritage (knowledge and practices), objects (collections, literature and instruments), locations 
(buildings, botanical gardens and excursion areas) as well as a biological cultural heritage (populations or 
individual specimens of plants, animals or other organisms that remain in the areas where they were once 
collected or studied). 
 
 
 
Bridging the gap between now and then: a morphological tree of brittle stars 
 
Sabine Stöhr1 
1)Zoology, Swedish Museum of Natural History 
 
The phylogeny of the brittle stars has been problematic for centuries. Both morphological and molecular 
attempts failed to convincingly reconstruct the evolution of the class. We present a novel approach to 
reconstruct the ophiuroid phylogeny using new morphological characters found by direct observation on 
recent and fossil taxa. The resulting tree shows surprisingly close congruence with the most recent (2014) 
large molecular phylogeny. The main finding is that the class Ophiuroidea evolved into three major clades 
instead of two, as previously assumed. Basket stars (Euryalida) are not the sister taxon of all other species, 
but are nested in an ancient clade with Ophiuridae and Ophiomusium-like forms. Many families and 
genera were found to be polyphyletic. In collaboration with the molecular team, a new classification has 
been proposed, increasing the number of families from 19 to 32, now based on monophyletic clades. 
 
 
 
Not sad at all! Pseudotomentella tristis, an interesting species despite its name 
 
Sten Svantesson1, Urmas Kõljalg1, Karl-Henrik Larsson1, Ellen Larsson1 
1)Dept. of Biological and Environmental Sciences, University of Gothenburg 
 
Pseudotomentella tristis s.l. is an ectomycorrhizal fungal species distributed to a wide range of habitats in 
Europe and North America. We studied the ecology and morphology of 99 specimens and obtained DNA 
sequences from a selection of them. We also studied the type specimen of P. tristis and the 
morphologically similar species P. umbrina, P. sitnensis, P. atrofusca and Hypochnopsis fuscata. ;Our 
preliminary results suggest P. tristis s.l. to contain nine genetically and morphologically different species. 
Two of these have valid taxonomic names: P. tristis and P. umbrina. P. sitnensis and H. fuscata are 
synonymous with P. tristis s.s. P. atrofusca probably does not occur in Europe. Four to seven species will 
be described as new to science. 
 
 
 
 
 
 
 
 



500 år med humlesuga, Betonica officinalis L., i Skåne och Danmark 
 
Arne Thell1 
1)Biologiska museet, Lunds universitet 
 
Humlesugan, Betonica officinalis L., är en av den skandinaviska florans sällsyntaste växter och samtidigt 
en av de arter som har den längsta dokumenterade historien. Den rapporterades från Stehag väster om 
Ringsjön i Skåne av Christiern Pedersen redan 1534, Skånes äldsta litteraturuppgift där en växtart knyts 
till en lokal. I övriga Danmark beskrevs den med lokaluppgift första gången av Peder Lauridsen Kylling 
1688, från Lolland och Rygaard norr om Köpenhamn. Litteratur och samlingar vittnar om att humlesugan 
var vanligare förr, när ängarna utgjorde en betydande del av landskapet. Litteraturuppgifter för 
humlesugan under 500 år redovisas tillsammans med en studie av artens nuvarande utbredning i Skåne 
och Danmark. Endast sex lokaler återstår, fem i västra centrala Skåne och en på södra Lolland i Danmark. 
I detta arbete följs humlesugan i litteraturen och samlingarna under 500 år. Studien är kompletterad med 
en undersökning av dess nuvarande utbredning i Skåne och Danmark och en diskussion om artens 
möjligheter att överleva i det moderna landskapet. 
 
 
 
Systematic and taxonomic revision of Scandinavian Empidoidea (Insecta: Diptera), with emphasis 
on the diversity of Empididae and Hybotidae 
 
Emma Wahlberg1 
1)Zoology, Swedish Museum of Natural History 
 
Previous studies on the classification and phylogeny of the Empidoidea have been based on morphological 
characters, several taxa have been placed incertae sedis and many evolutionary questions remain 
unanswered. Established molecular methods are now used to test the support for the monophyly of 
families and subgroups, and characters in previously published hypotheses will be re-evaluated. There are 
several thousand specimens from the Swedish Malaise Trap Project from nearly 50 localities in Sweden. 
The availability of material is extremely high, additional sampling is restricted to uncovered habitats and 
taxa. A minimum of four genes will be used in the analysis, and the COI gene is used for DNA barcoding. 
Bayesian and maximum likelihood analyses are used to infer evolutionary models. The revision of the 
systematics of the Empidoidea will provide a fundament to further taxonomic studies and production of 
updated determination keys. 
 


