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Abstract 

Biodiversity has fascinated people in all times. We as a species are part of 
the global ecosystem and our survival depends on many other species around 
us. Charting biodiversity, however, has proven more difficult than one could 
imagine. When Linnaeus and others started describing which species there 
are on Earth, people in general, and taxonomists in particular, could not 
imagine that we would not be finished 300 years later and even less that we 
would not be able to tell exactly how much there is left to describe.  
In this PhD thesis, I deal with relatively large organisms (compared to the 
average size of organisms left to be described), namely insects in general and 
scuttle flies in particular, within a limited and well-studied geographic region 
(Sweden). Nevertheless, the results show that we are far from completing the 
inventory for even this limited portion of global biodiversity. Since it was in 
Sweden that Linnaeus started his work and where he did most of it, the 
Swedish flora and fauna belong to the best known in the world. In spite of 
this, we show in paper I of this thesis that it is likely that a considerable 
portion of the Swedish insect fauna remains to be discovered. The white 
spots on the biodiversity map primarily concern small Diptera and 
Hymenoptera species that are decomposers or parasitoids. The scuttle flies 
(Diptera: Phoridae) are one of the insect families that contain more 
undescribed species than species known to science, both in Sweden and 
elsewhere. The situation is complicated by the fact that a large portion of the 
known scuttle-fly diversity is placed within a single genus, Megaselia, one 
of the most species-rich genera in the animal kingdom; almost 40 % of 
described phorids belong to this genus. Our lack of understanding of 
phylogenetic relationships within Megaselia has made taxonomic progress 
on the genus very difficult. In paper II, we define a new natural clade within 
Megaselia, the lucifrons group, based on both molecular and morphological 
evidence. We show that the group comprises at least three species in 
Sweden, one of which is described by us as new to science. In paper III, we 
present the first comprehensive molecular phylogeny of Megaselia. We 
identify 22 well-supported natural clades within the genus, comprising at 
least two species each. These clades are recognized as species groups; most 
of them have not been described previously. We identify eight additional, 
isolated single-species lineages, which may turn out to represent multi-
species clades when molecular data become available for more species. The 
paper includes the description of 45 species new to science, all from 



 

Sweden. In paper IV, we revise the most basal of the 22 species groups, the 
spinigera group, and describe one additional new species to science from 
Sweden in this group. The thesis provides the first reasonably complete 
phylogenetic framework for Megaselia and its closest relatives, greatly 
facilitating further research into scuttle-fly diversity in Sweden and 
elsewhere. 
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Introduction 

“We shall not cease from exploration, and the end of all our exploring 
will be to arrive where we started and know the place for the first 
time.” – T. S. Eliot 
 
 
Knowing a place for the first time in terms of biodiversity or in other words 
describing the species in the world around us has been an ongoing task since 
the days of Linnaeus and is one of the fundamental quests in biology 
(Agnarsson and Kuntner 2007). The motivation for doing so may be 
different for different people. Some may argue that it is interesting to know 
what other life surrounds us, simply another step in the human striving for 
knowledge. Some may argue that it is vital to know what other species there 
are for reasons like competition for resources with other species than our 
own or in order to know which species can be used as resources. Others 
again may say that we have an obligation to know what is around us - if only 
to document what organisms are disappearing because of the ever-rising 
number of human beings on this planet and the destruction of ecosystems 
that comes with it (Dunn, 2005). 
 
Regardless of the justification, describing or even determining the number of 
species in a given habitat is not an easy task. When can we ever be sure that 
there are no more species that we could find if we continued to look a little 
longer? Physically finding each and every species in a given area is typically 
not a task that is feasible with a realistic investment of resources. Instead we 
need to aim at finding as many species as possible in the most effective way 
(Azevedo et al. 2013). To help us when knowledge is incomplete, 
researchers have developed statistical ways of estimating the number of 
species in a given habitat from a subsample of species. Different estimators 
have different strengths and weaknesses and can be used for different kinds 
of data (Hortal et al. 2006). Some of them are used in this thesis. Eventually, 
however, we do need to try to find and describe all species in order to fully 
appreciate the biological diversity of the planet. 
 
At the same time as researchers are working towards describing all species 
on Earth, we are facing what some call the sixth mass extinction. According 
to Ceballos et al. (2015), the rate of extinction that we can measure today 
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greatly exceeds the background rates of extinction that occurred between the 
other five mass extinction events in the history of life on Earth. It is 
suggested and widely accepted that this sixth mass extinction event is due to 
human activity, and a new geological age – the Anthropocene – starting with 
the industrialization has been recognized in order to stress the importance of 
human societies as a geophysical force (Steffen et al. 2007). The 
disappearance of megafauna from all continents except Africa can serve as 
an example: it has been suggested that these events depend to a large extent 
on human activity. For instance, data from a burnt eggshell of Genyornis 
newtoni, a now extinct, flightless 200 kg bird in Australia, gives direct 
evidence that the eggs of this species were preyed on by humans (Miller et 
al. 2016). In order to stop human-related mass extinction, conservation 
measures may still be effective but time is running out (Ceballos et al. 2015).  
 
One aspect, which is often neglected due to the difficulty to accurately 
evaluate the data we have, is the impact of human activity on invertebrates. 
While it is relatively easy to collect sufficient data on large well-known 
vertebrates, it is harder to collect data on the conservation status of relatively 
unknown or even undescribed invertebrates. Recently, Régnier et al. (2015) 
suggested that the global level of recently extinct species may be as high as 7 
% when invertebrate data are factored in appropriately, as opposed to the 1.3 
% that are suggested from looking at the IUCN Red List. Thus, the authors 
emphasize the importance of trying to evaluate the conservation status of 
invertebrates even before the complete fauna is described. Describing the 
invertebrate fauna is a daunting task: even if we could speed up the process 
of describing new species, we might well have another two and a half 
centuries of taxonomic work in front of us before the inventory of the 
invertebrate fauna of the planet is complete.  
 
In terrestrial habitats, insects constitute a major part of the unknown 
invertebrate fauna. A generally accepted view is that the approximately 1 
million species of insects that are currently known to science comprise only 
about 10-20 % of the actual global insect fauna (Scheffers et al. 2012). Not 
surprisingly, some regions are better studied than others. In general, one can 
argue that Europe is the best-studied region globally partly due to its long 
tradition of taxonomic research and partly because of its temperate climate. 
Temperate regions are well known to have lower species richness than the 
tropics (Gillman et al. 2015), and temperate faunas should therefore be more 
completely known all else being equal. Even though it is not clear whether 
the latitudinal gradient of species richness actually holds for all taxonomic 
groups of insects, it is decidedly the general trend (Hillebrand 2004). 
However, as some researchers argue (e.g. Fontaine et al. 2012), even though 
Europe is a well-studied region, new species are still discovered at 
unprecedented high rates.  
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If it is difficult to estimate the true number of insect species for a given 
region or globally, it may be even harder to give an exact picture of the 
composition of the insect fauna. It appears highly likely that the proportion 
of species of a taxonomic group that is described is dependent, at least 
partly, on the ecological niche that the group fills. We probably already 
know a relatively large part of the phytophagous insects because we have 
been interested in the potential pests on our crops. Pollinators and predatory 
insects are probably also among the better-known ones because it is easy to 
see direct impacts on economically important crops and/or their enemies. 
Saprophytes and parasitic insects are less well known, partly because we 
have been considering them less relevant for agriculture but also because 
they are physically harder to find. Saprophytes and parasites often live inside 
the substrate they are feeding on and are thus more hidden from human 
observers. Our biased knowledge of insect groups may cause problems in 
many contexts. For instance, Shaw and Hochberg (2001) argue that the 
poorly known parasitoid Hymenoptera should be considered for 
conservation to a much larger extent than they are currently. In Britain, 
having one of the best known insect faunas of the world, parasitoid 
Hymenoptera comprise about 25% of the total insect diversity, but no 
conservation strategies for those species exist today (Shaw and Hochberg 
2001).  
 
Traditionally, insect collectors have focused their interest on Lepidoptera 
(butterflies and moths), especially the butterflies, and secondly on 
Coleoptera (beetles), arguably the two orders containing the most strikingly 
beautiful insects. Thus, of the mega-diverse orders of insects (Coleoptera, 
Diptera, Hymenoptera, Lepidoptera), Hymenoptera (wasps, ants and bees) 
and Diptera (flies and midges) are the least known.  Particularly species-rich 
and poorly known families of these orders include but are not restricted to 
scuttle flies, fungus gnats, gall midges (in Sweden at least until recently) and 
most families of parasitic wasps. These tend to be relatively small insects 
that often also have an inconspicuous lifestyle. 
 
So far not so many inventories of entire insect faunas have been attempted. 
The Swedish Malaise Trap Project (SMTP) may be the first inventory that is 
aiming at complete coverage of the insect diversity of a country. The SMTP 
forms part of the Swedish Taxonomy Initiative (STI), a project launched in 
2002 with the aim of completing the inventory of the country’s flora and 
fauna in 20 years. During 2003-2006, SMTP collected approximately 80 
million insect specimens with Malaise traps at some 50 sites spread across 
the country, and the material is now being sorted into fractions in order to 
make it available to taxonomic study by specialists around the world 
(Karlsson et al. 2005). An insect diversity sampling project that was inspired 
by the SMTP is the Estonian Malaise Trap Project (EMTP), which was in its 
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collecting phase during 2008-2011 and whose first results are now being 
published (Soon et al. 2011, Tomasson et al. 2014).  
 
René Malaise at the Swedish Museum of Natural History invented the 
Malaise trap (Figure 1) in 1934 (Vårdal and Taeger 2011). Over time, it 
proved to be a hugely successful trap for catching a variety of flying insects. 
When René Malaise, during an expedition to Burma, lay in his tent watching 
insects escaping through a tiny hole in the roof and came up with the basic 
design for the trap, did he imagine that his invention would still be used 80 
years later? The popularity of his trap stems from the fact that it is easy to 
assemble and operate. It is also timesaving, as it does not require the 
collector herself to be present at the collecting site. The trap is working for 
her on its own; the only thing she has to do is empty it every now and then 
and, of course, to sort through the catch. 
 

 
Figure 1: Malaise trap south of Stockholm. 

 
Malaise traps are effective for a surprisingly large range of flying insects 
(Brown 2005). Typically, no baits are used; instead, Malaise traps work as 
flight interception traps, in the same way as windowpane traps. However, 
windowpane traps allow more insects to escape than Malaise traps do; 
therefore, Malaise traps generally catch a larger proportion of the fauna of 
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flying insects. It has been shown that windowpane traps are more efficient 
for collecting beetles and cockroaches than Malaise traps, whereas Malaise 
traps are more efficient for collecting Diptera, Hymenoptera and Hemiptera 
(Lamarre et al. 2012). Other traps like yellow pan traps or light traps make 
use of the fact that certain insects are attracted to certain colors or light. 
Insects can also be attracted to traps using different kinds of baits (e.g. food 
or pheromones) that emit olfactory signals that are attractive to certain 
species. For general collection of poorly known insect groups in the orders 
Hymenoptera and Diptera, however, Malaise traps are unsurpassed.   
 
In Sweden, poorly known insect groups are almost exclusively found in the 
Hymenoptera and Diptera (paper I); therefore, Malaise traps were the 
natural choice for the Swedish insect fauna inventory (Karlsson et al. 2005). 
In temperate regions such as Sweden, the traps need to be emptied every 
second week; even during the summer, more frequent emptying is usually 
not necessary. This means that the traps are easy to operate, but the work 
after the collection of the insects is still quite challenging and requires many 
man-hours of work. It involves sorting the collected specimens into suitable 
fractions that can be sent to specialists for species identification. The 
returned information and material then needs to be processed, and the data 
made available to the scientific community. Usually, researchers only pick 
out their group of interest, possibly one or two other groups for colleagues, 
but leave the rest of the Malaise trap catch untouched. Here, the SMTP is 
unique in its ambition to identify the entire collected material, regardless of 
taxonomic group.  
 
In paper I, we use data from the SMTP as a sample of the Swedish insect 
fauna, and use statistical methods for estimating the total diversity of the 
fauna. We compare these results with estimates by taxonomic experts of the 
proportion of the Swedish insect fauna that is till unknown. Our results 
indicate that as much as 20 % of the Swedish insect fauna may remain to be 
discovered. As expected, many of the new species are expected in small 
Diptera and Hymenoptera that are decomposers or parasitoids. 
 
Despite the lack of knowledge about them, many of these groups are very 
probably important within their ecosystems, and some species may even be 
key players. The scuttle flies (Diptera: Phoridae), the main focus of papers 
II-IV of this thesis, are a prime example of this. They belong to the most 
common insect groups in Malaise traps, despite the fact that other trap types 
are known to be even more effective in collecting these small flies. The 
variation of biology within the Phoridae and their abundance in most habitats 
suggest that they are important in the functioning of our ecosystems.  
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Today, more than 4,200 species of phorids are described 
(www.phorid.net/pcat/), but this may represent as little as 10 % of their 
actual diversity (Bonet et al. 2011). Phoridae occupy an astonishing variety 
of ecological niches. While many species are parasites or parasitoids of 
hymenopterans or spiders, and some are phytophagous, the majority of 
species appears to be saprophytic (Disney, 1994). Brown et al. (2015) 
suggest that many species have extremely specialized life histories, 
explaining how large numbers of closely related species can co-occur in the 
same habitats. However, for most species, including virtually the entire 
genus Megaselia, the biology is only poorly known or not known at all.  
 
There are several possible reasons as to why phorids are understudied. 
Typically, many phorid species co-occur in the same habitat, and these 
species may be difficult to differentiate, especially for the beginner. Good 
identification literature is scarce or, for many faunas, not available at all, 
making the identification quite challenging. Very few people know the group 
well; thus, it is difficult to get expert help with identification. Although the 
cynic could see an advantage in that at least not too many researchers have 
“messed up” the taxonomy of phorids, this is more than outweighed by the 
scarce literature and lack of experts on the group. 
 
A huge obstacle to progress in studying scuttle-fly diversity is the lack of 
knowledge about phylogenetic relationships. The single genus Megaselia 
comprises more than 1,600 described species, about 40 % of all known 
phorids. This makes it one of the largest genera across all of life1. In the 
                                                        
1 In the plants, Astragalus L. (Fabaceae), with 3,200 described species, is the largest 
and Bulbophyllum with 2,000 species the second largest genus (Frodin 2004). 
Within the mushroom-forming fungi, Cortinarius is the largest with 2,000 estimated 
species worldwide (Frøslev et al. 2007). In the animal kingdom, the genus Agrilus 
(Coleoptera, Buprestidae) with over 3,000 described species is considered to be the 
most species rich (Jendek and Poláková 2014). However, considering that 85% of 
the species of flowering plants are known (Joppa et al. 2011) and that beetles are 
generally more well-known than flies, while it is estimated that as little as 10-15 % 
of the Phoridae may be described so far (Bonet et al. 2011), it is quite possible that 
Megaselia is the largest genus across all of life. It is certainly one of the biggest. 
However, these comparisons are of course subject to change depending on the 
circumscription of genera in different organism groups. We are far from an objective 
criterion for circumscribing genera, so current boundaries are partly based on ease of 
recognizing the clades, whether they are known to be natural, and on practical 
considerations. From a practical perspective, it would not be surprising to see most 
of these megadiverse genera, including Megaselia, eventually split into a number of 
smaller genera. 
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Swedish fauna, the dominance of Megaselia is even more pronounced than 
globally, about 90% of the Swedish phorid species belong to Megaselia 
(Figure 2). Many new phorid species are described simply as Megaselia, 
without detailed references to their affinities to subgroups within the genus. 
Indeed, Megaselia subgroups remain poorly defined, if they have been 
discussed in the literature at all, and Megaselia is in dire need of a thorough 
taxonomic revision. However, taking on the entire group, even in just a 
limited geographic area, is not an easy task. 
 
Megaselia was earlier divided into two subgenera, Megaselia and 
Aphiochaeta (Schmitz 1926, 1927) based on whether or not hairs are present 
on the anepisternum. However, Disney (Weinmann and Disney 1997) 
abolished the subgenus Aphiochaeta formally based on a pair of supposedly 
closely related species where one species has a hairy anepisternum while it is 
bare in the other species. The monophyly of the subgenera has not been 
investigated further since then. Schmitz made further attempts to divide 
Megaselia into smaller divisions (“Abteilungen” and “Reihen”) using 
morphological characters on the thorax and in the wings (Schmitz 1956). 
However, his revision of the genus Megaselia was never completed and the 
groups he identified remain untested by other researchers.  
 

 
Figure 2: Habitus of a typical Megaselia male illustrated by Martin Holmer. 
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Molecular methods have revolutionized insect taxonomy. Not only can new 
species be discovered and morphological findings tested, but the 
relationships among species and higher groups can also be studied. Another 
advantage of using molecular markers is that it opens up the possibility to 
reliably find both sexes of one species, even when species-specific 
characters are only known from one sex (Cook and Mostovski 2002). This 
can be important in groups like the Phoridae, where much of the taxonomic 
work is focused on male genitalia, and species descriptions and keys often 
do not include females at all. Despite their great potential, molecular 
methods had not been applied widely to phorids before this thesis (for 
exceptions, see Brown and Smith 2010, Smith and Brown 2010, Hash et al. 
2011, Hash and Brown 2015). 
 
People that dedicate their free time to the study of organisms and that 
describe new species without it being part of their professional occupation 
are often described as amateur taxonomists (Pearson et al. 2011). In some 
cases they make substantial contributions to our knowledge of organisms. 
Since they do not have to deal with the administrative side of being a 
researcher, and do not have to attract funding for their work, they can 
dedicate virtually all their taxonomy time to doing research. The work 
presented in this thesis has greatly benefited from the efforts of an 
extraordinary amateur taxonomist, Sven Olof Ulefors, who dedicates most of 
his free time to the study of Phoridae (Figure 3). Ulefors has been working 
with the phorid material from the SMTP since the start of the project in 
2003. To date, he has identified about 34,000 specimens to species level; 
more than 1,200 of these, belonging to close to 1,000 species, have been 
documented by drawings. The majority of these species are new to science. 
Largely based on study of this material, Ulefors has identified 58 species 
groups, a couple of them further divided into subgroups to give a total of 65 
groups species groups within Megaselia. Ulefors’ species groups sometimes 
match Schmitz’s groups, but they often cut across them or represent finer 
divisions into smaller species groups. In some cases, Ulefors’ tentative 
species-group concepts were later refined based on preliminary molecular 
results from the work presented in this thesis. 
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Figure 3: Sven Olof Ulefors. 

 
In paper II, we focus on one of the tentative Megaselia species groups 
identified by Ulefors, the lucifrons group. We chose a small species group in 
order to facilitate the development of an effective methodology for carving 
out and defining natural Megaselia clades. In paper III, we present the first 
molecular phylogeny of the genus Megaselia and propose the first 
reasonably comprehensive classification of the genus into species groups. 
The classification agrees to some extent with Schmitz’s and Ulefors’ 
morphology-based work, but many of the new species groups cut across the 
previously recognized groupings. Finally, in paper IV, we treat one of the 
species groups identified in paper III in more detail, namely the spinigera 
group. In summary, we describe 47 new species to science in papers II-IV, 
and provide the first molecularly supported phylogenetic framework for 
Megaselia, greatly facilitating future taxonomic work on this genus. 
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Material and methods 

Material 
Most of the phorid material studied for this thesis stems from SMTP. SMTP 
was launched in 2003 with the major goal of making high-quality material of 
Swedish insects available for the morphological and molecular research 
needed for a complete national inventory. Up to 75 Malaise traps at 54 
localities across Sweden (Figure 4), representing a wide range of habitats, 
were run for up to three years (for details see Karlsson et al. 2005 and 
http://www.stationlinne.se/sv/forskning/the-swedish-malaise-trap-project-
smtp/). The traps produced about 1,900 samples containing an estimated 80 
million specimens. The Diptera and Hymenoptera in particular represent a 
unique resource for taxonomic and systematics research. To date, more than 
500 species previously unknown to science have been discovered in these 
samples, and new localities in Sweden have been verified for a multitude of 
additional species. 

 
While the entire SMTP catch is sorted to the level of order, the Diptera and 
Hymenoptera are sorted into at least family level and in certain cases further 
to subfamily level or tribes. The material in this thesis is delivered from the 
SMTP in vials containing phorids only. To date, we have studied more than 
44,000 phorid specimens from the SMTP, representing 28 of the 75 traps 
and 103 of the 1,900 samples. About 34,000 of these specimens were 
identified to species and some of these specimens were used for subsequent 
detailed morphological study and molecular sequencing. The remaining 
specimens are females that cannot be determined currently beyond genus 
level. 
 
In addition to SMTP material, we also studied type specimens from the 
Schmitz collection at Zoologisches Forschungsmuseum Alexander Koenig, 
Bonn, Germany (ZFMK) the Lundbeck collection at the Natural History 
Museum of Denmark (ZMUC) and the phorid collection at the Natural 
History Museum of Los Angeles County, Los Angeles, USA (LACM). 
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Figure 4: Map of Sweden with dots indicating the Malaise trap sites of the SMTP 
collecting campaign. Numbers correspond to SMTP trap IDs. 

 
Type specimens of new species, vouchers for sequence data and other 
important specimens from the SMTP material referenced in the thesis were 
deposited in the entomology collections at the Swedish Museum of Natural 
History in Stockholm (NHRS). 

Species richness and faunal composition 
For the estimate of the size and composition of the Swedish insect fauna in 
paper I, we first divided the known or suspected Swedish insect fauna into 
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families, and the three largest families (Ichneumonidae, Braconidae and 
Staphylinidae) into subfamilies, producing a total of 636 taxa at the family or 
subfamily level. The total species richness of the Swedish fauna was then 
estimated for each of these taxa using two methods. First, we asked experts 
on each group to make a qualified guess of the size of the total fauna based 
on their experience. Second, we estimated the total species richness from the 
SMTP material for eight key taxonomic groups within the Diptera and 
Hymenoptera using four different species richness estimators. 
 
The classic nonparametric estimators Chao1 and Chao2 as well as the 
capture-mark-recapture (CMR) method have been used and studied widely 
(O’Hara 2005, Hortal et al. 2006). CMR estimates the number of species 
from a sample by using the fraction of previously unknown species 
encountered in the sample, and the total number of known species. The two 
Chao estimators are based on the number of singletons and doubletons or 
single or double occurrences. Chao1 is abundance-based and uses the 
number of singleton and doubleton species, that is, the number of species 
observed only once or twice in the total sample. Chao2 uses the number of 
species occurring in only one or two subsamples (in our case traps). Roughly 
speaking, Chao 1 picks up the increase in diversity expected when extending 
the sampling period, while Chao 2 focuses on the increase expected when 
adding more trap sites. As one might expect, Chao2 is more sensitive to 
grain size (the number of sampling sites or traps) than Chao1 (Hortal et al. 
2006).  
 
In addition to these estimators, a further nonparametric estimator was 
developed for paper I, referred to here as the Combined Non-parametric 
Estimator (CNE). It attempts to combine the strengths of the Chao1 and 
Chao2 estimators by accounting for the effects of extending both the number 
of traps and the number of specimens. For details about how to calculate 
these estimates, see paper I. 
 
All of these estimators are nonparametric. Although the performance of 
nonparametric estimators has been questioned, neither the observed species 
richness, nor species-area curves or asymptotic parametric estimators seem 
to perform better (Ulrich and Ollik 2005, Hortal et al. 2006). Therefore, we 
chose to focus on non-parametric estimators.  
 
To study the ecological composition of the Swedish insect fauna, we used 
the fact that some ecological traits are strongly phylogenetically conserved, 
so that all members of a taxonomic group used in the analysis would be 
expected to have the same state of the trait. Thus, we focused on such traits, 
collected what was known about the state in each group, and then assumed 
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that the same state would apply to the unknown or unstudied species of the 
group.  

Morphological methods 
Specimen were studied and sorted into morphologically similar groups in 
80% ethanol under a stereomicroscope with up to 100X magnification.  
Whenever a specimen seemed to represent a hitherto unencountered species, 
it was dissected using an entomological pin and a micropin fixed to a handle. 
The dissection and further study of the specimen was done in glycerol. 
Glycerol has a higher viscosity than ethanol, which facilitates dissection 
since small parts move more slowly and are easier to handle.  
 
One hind leg, one wing, the head and the male genitalia were separated from 
the rest of the body. The dissected specimens were then studied further in a 
drop of glycerol on a microscope slide with a depression. Studies were 
focused on characters found in the male genitalia, but additional 
morphological characters from the thorax, wings and head were examined as 
well. Pencil drawings were prepared using a camera lucida fitted to a 
compound light microscope. The pencil drawings were then finalized 
digitally using Adobe Illustrator before publication.  
 
Preparing illustrations as described above of the structurally complex 
genitalia that are found in the male Megaselia proved to be an effective way 
to ensure that details could be compared across specimens in a standardized 
way, using drawings from the same viewing angle. Scanning electronic 
microscopy (SEM) and digital photography were not used for several 
reasons. These techniques involve more handling of minute parts, with an 
increased risk of losing or damaging critical parts of unique specimens. They 
are also considerably more time consuming without adding much extra 
information. In the case of SEM, specimen preparation also involves 
irreversible gold coating, which complicates further study of the specimen 
parts. With the techniques used here, critical parts can be saved in ethanol or 
glycerol for future study or sequencing. 
 
Based on morphological study of a large number of specimens, we identified 
58 groups within Megaselia, a couple of which were further divided into 
smaller subgroups. These groups and subgroups partly appeared to 
correspond to groups identified previously by Schmitz (1956) and Disney 
(1999), but partly represented new groupings and in either case included a 
large number of new species whose affinities had not been studied 
previously. 
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Molecular methods 
For paper III, specimens were selected representing 45 of the 58 species 
groups that we identified morphologically prior to molecular analyses. The 
selected species span both Megaselia subgenera and all divisions and rows 
recognized by Schmitz (paper III, Table 1). Where available we included 
more than one specimen of each species. For papers II and IV, where we 
targeted smaller groups within Megaselia, specimens were selected with an 
as broad geographic range as possible. 
 
The molecular markers used in paper II are the nuclear ribosomal D2 region 
of 28S and the mitochondrial DNA barcode region of COI. A total of 1185 
bp were sequenced. In paper III and IV, two additional mitochondrial 
markers were used, namely 16S and ND1, resulting in a total of 2106 bp. 
Traditional Sanger sequencing was used. 

Data analyses 
In order to analyze phylogenetic signal in the large amount of data that was 
generated in this thesis, Bayesian methods were used. Bayesian methods are 
generally more computationally efficient than Maximum Likelihood (ML) 
methods and several parameters can be estimated within the same analysis. 
For instance Bayesian methods can be used to find the best substitution 
model while running the analysis, whereas a model must be found prior to 
the analysis when applying ML methods. Details on the programs used and 
exact settings can be found in each paper. 
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Results 

Paper I 
The results we present in paper I indicate that the Swedish insect fauna is 
considerably larger than previously thought. By the end of 2012, 26,000 
insect species were recorded in DynTaxa, the Swedish national checklist, 
about 1,300 species more than were known at the start of the SMTP 
inventory in 2003. However, our combined species richness estimates and 
expert opinions point to a total insect fauna of roughly 31,000 species, 
suggesting that 5,000 species still remain to be discovered or officially 
documented as occurring in Sweden.  
 
Poorly known groups (groups where many new species are expected) are 
almost exclusively found within the Diptera (flies and midges) and 
Hymenoptera (sawflies, ants, wasps, parasitic wasps). Furthermore, our 
analysis indicates that most of the missing species are likely to be 
decomposers and parasitoids, as inferred from the life histories of the 
taxonomic groups to which they belong. 
 
We also detect a geographic trend in the discovery of new species. 
Specifically, the fauna of southern Sweden seems to have been more 
completely sampled prior to the SMTP inventory than that of central and 
northern Sweden.  
 
Of the statistical methods we used to estimate total species richness from 
SMTP data, the simple capture-mark-recapture (CMR) estimator correlated 
best with expert estimates; in fact, the estimates were remarkably similar. 
When experts are asked to make an educated guess about the total number of 
species within their taxonomic groups of expertise, it appears that they tend 
to think in terms that are similar to the logic of the CMR estimator. 
However, both the Chao1 and Chao 2 estimators tend to be close to the 
expert opinions. The CNE estimator, however, indicates much larger species 
numbers, potentially indicating that experts tend to underestimate the real 
species diversity. If so, then the true Swedish insect fauna may be 
considerably larger than 31,000 species. 
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Paper II  
The study presented in this paper initially focused on the lata group (sensu 
lato), one of the tentative Megaselia species groups identified during the 
initial morphology-based survey. Morphologically, the lata group sensu lato 
is characterized by the combination of a large and spinose labellum, a long 
costal vein, a long first costal sector, short costal cilia, and a strong proctiger 
hair. In the aedeagus, the base of the left arm projection is clearly 
sclerotized. The combination of these features is only found in members of 
the lata group sensu lato. However, when circumscribed in this way, the 
group cuts across the subgenera Megaselia and Aphiochaeta recognized by 
Schmitz, and our preliminary molecular studies indicated that the lata group 
sensu lato actually consists of two clades that are not very closely related, 
one falling within the subgenus Megaselia and one within the subgenus 
Aphiochaeta as defined by Schmitz. We recognized these clades as the lata 
group sensu stricto (the clade belonging to the subgenus Megaselia) and the 
lucifrons group (the clade belonging to the subgenus Aphiochaeta), 
respectively. 
 
More detailed morphological studies indicated that there is a difference in 
the left arm of the aedeagus between the lata group sensu stricto and the 
lucifrons group. Whereas the left arm projection of the aedeagus is present in 
the lucifrons group, it is not in the lata group sensu stricto. Furthermore, the 
presence of a light patch on the hind femur in two of the species in the 
lucifrons group could possibly be a synapomorphy of the entire lucifrons 
group, if the absence in M. subnitida is interpreted as a secondary reversal. 
 
In the main part of the paper, we focused on the lucifrons group of species. 
46 specimens that were identified morphologically belong to the lucifrons 
group were sequenced for two molecular markers, the D2 region of 28S and 
COI. The resulting data were analyzed using Bayesian methods of 
phylogenetic inference. We found three species in the group: Megaselia 
lucifrons, M. subnitida and a new species, described by us as M. 
albalucifrons (Figure 5). All three species were well supported by both 
morphological and molecular characters. M. albalucifrons is so far known 
from two localities in South and Central Sweden (paper II, Figure 7). M. 
lucifrons and M. subnitida were considered conspecific by Disney (Disney 
1988), but our molecular analyses clearly showed that they are two distinct 
species. Therefore, we resurrected M. subnitida from synonymy with M. 
lucifrons. 
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Figure 5: The left side of the epandria in lateral view of Megaselia lucifrons (a), M. 
subnitida (b) and M. albalucifrons sp. n. (c). 

Paper III 
In this paper, we provide the first comprehensive study of Megaselia 
relationships based on molecular data. Although basal relationships in the 
genus remain uncertain, we identify 22 well-supported terminal clades, each 
containing at least two studied species, and propose that each of these be 
recognized as an informal species group (Figures 6–7). In addition, we 
identify nine single-species lineages of uncertain affinities, many of which 
may turn out to represent distinct higher clades in future analyses. One of 
these single-species lineages, Myriophora elongata, may well represent a 
clade corresponding in circumscription to the genus Myriophora as defined 
by North American authors. 
 
At the higher-level, our results suggest (with posterior probability 0.80) that 
the genus Megaselia consists of a “core Megaselia” clade including 20 of the 
22 species groups, and eight of the nine single-species lineages. Outside core 
Megaselia we find the Myriophora clade, the spinigera group and the 
ruficornis group (Figure 6). The analysis neither supports nor refutes the 
monophyly of Megaselia in the broad sense, that is, the group including 
these three basal clades in addition to core Megaselia. 
 
The 22 species groups recognized in the paper generally fall within one of 
the divisions and  rows recognized by Schmitz, suggesting that many of 
Schmitz’ groups may be natural. However, most of Schmitz’ groups include 

a)

b)

c)

0.1 mm



 30 

more than one of the 22 species groups. Our results neither supported nor 
strongly refuted the monophyly of the two subgenera Megaselia and 
Aphiochaeta recognized by Schmitz. However, it is interesting that only two 
of the 22 species groups – the spinigera group and the minor group – include 
mixes of species that were or would have been placed in different subgenera 
by Schmitz. All remaining species groups fall into either one or the other of 
Schmitz’ subgenera. The 22 species groups correspond less well to the 
tentative species groups identified by us prior to the analysis, although our 
groups were smaller and more accurately circumscribed with respect to the 
studied material than Schmitz’ groups, creating more potential for 
mismatches. 
 
We end the paper by briefly presenting the morphological characteristics of 
each species group. We also provide molecular and brief morphological 
descriptions of 45 Megaselia species new to science, represented among the 
exemplars included in the analysis. 
 

 
Figure 6: Consensus tree from Bayesian analysis in paper III. Clades with at least 
80% PP are cartooned.  
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Paper IV 
In this paper, we focus on the spinigera group, one of the basal Megaselia 
groups outside of the core Megaselia clade (see Figure 6). We present a 
molecular analysis of its phylogenetic position within the subfamily 
Metopininae, and of relationships within it. The analysis is based on broader 
sampling of basal Megaselia clades and other related Metopininae lineages 
than in paper III; it also includes many more specimens belonging to the 
spinigera group. The phylogenetic analysis supports the recognition of an 
“extended Megaselia clade” — including Myriophora, Pseudacteon, the M. 
ruficornis group and core Megaselia — and indicates that the spinigera 
group may be the sister group of this clade.  
 

 
Figure 7: Consensus tree of core Megaselia clade from Bayesian analyses in paper 
III. Clades with more than 80% posterior probability (PP) cartooned. 
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Furthermore, our analysis shows that the spinigera group contains several 
species previously placed in Plastophora, Phalacrotophora or Kerophora, 
and we discuss the possibility of recognizing the spinigera group as a 
separate genus under one of those names. Unfortunately, there are still 
uncertainties relating to the placement of the type species of the two oldest 
of these genera, and we therefore leave the resolution of this question to 
future studies. We also revise the known Swedish fauna of the group based 
primarily on the study of SMTP material, and show that the fauna includes a 
hitherto unknown species, which is described as M. proctoluteipes n. sp. 
Finally, we present a key to the known Swedish species of the group. 
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Discussion 

In biology, there is a long and venerable tradition of estimating species 
richness. Common methods include analysis of species accumulation curves, 
parametric fitting of species abundance curves to appropriate models, and 
non-parametric estimation based on frequencies of rare species (Magurran 
2004). A different approach is to ask for the opinions of taxonomic experts 
working on critical groups, resulting in estimates based on evaluation of a 
wide range of information sources (Gaston 1991). Despite numerous 
attempts to estimate global species richness using these methods, the size 
and composition of the planet’s biota remain elusive. The last decade or so, 
several studies have converged onto an estimate of approximately 10 M 
species (Mora et al. 2011; Novotny et al. 2002, references cited therein) but 
recent DNA-based inventories suggest that this is a significant underestimate 
(Rodriguez et al. 2013, Tedersoo et al. 2014). Current knowledge of global 
diversity is simply too scant to allow estimates of total species richness with 
any degree of accuracy, regardless of method. 
 
To obtain a more exact picture of the size and composition of biotas, it is 
necessary to focus the attention on relatively small geographical regions. The 
Swedish insect fauna was among the best known in the world even before 
the STI and SMTP started, and these efforts have ensured that many of the 
groups that are critical for an accurate insect biodiversity estimate have 
received recent attention from taxonomists. Of the 636 family-level taxa 
recognized in our analysis in paper I, only 13 are estimated to contain more 
than 100 undiscovered species, and most of them are currently worked on by 
STI- or SMTP-related taxonomic projects. For several of these poorly known 
groups in the Swedish insect fauna, there is reasonable convergence between 
expert opinions and the sample-based species richness estimates except for 
the CNE estimator. 
 
There is still considerable uncertainty in our estimate of the size of the 
Swedish insect fauna, indicated among other things by the significant spread 
among different species richness estimates. Empirically, it has been observed 
that undersampling often leads to species richness estimates that are biased 
downwards (Scharff et al. 2003, O’Hara 2005; Coddington et al. 2009) and 
we may be seeing such effects in our species richness estimates for some 
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groups. For instance, as many as 26.5% of the Phoridae species occur as 
singletons in the analyzed data. 
 
Theoretically, one might expect both upward and downward biases in the 
estimators we used. For instance, Chao2 and CNE are based on the 
assumption that trap sites represent a random sample of possible locations, 
but SMTP trap sites were deliberately chosen to maximize diversity of the 
sample, which should result in Chao2 and CNE overestimating true species 
richness. Furthermore, CNE fails to account for the interaction between the 
effects of adding years and trap sites to the total sample; some species that 
would be encountered by adding trap sites might also be added by extending 
the sampling period. This results in an additional factor leading to CNE 
overestimating species richness. The large numbers of singletons and 
doubletons could potentially magnify this latter effect, which might explain a 
large part of the difference between the CNE estimates and other estimates. 
Chao1 should be a relatively unbiased estimator of the total fauna one might 
expect to encounter at the selected trap sites, but it fails to account for the 
fact that some locally distributed species may be difficult or impossible to 
collect unless more trap sites are added. Thus, Chao1 clearly represents an 
underestimate of total species richness. 
 
Another potential problem with the SMTP-based estimates is that Malaise 
traps as a single collecting method were used (Scharff et al. 2003). Although 
Malaise traps are regarded as an effective method for catching many groups 
of insects, it is not perfect. Due to practical constraints, however, it was 
difficult to justify the use of additional trap types in the SMTP inventory. 
The fact that we used just a single trap type would tend to bias all estimators 
downwards. Excessive taxonomic splitting could cause the opposite effect. 
For instance, in a group like Phoridae where male genitalia tend to be 
species-specific, our experience shows that it is exceedingly rare for 
molecular analyses to reveal cryptic species but the opposite case occurs 
regularly. When many species are represented by singletons, it is easy to 
mistakenly identify morphologically abnormal individuals as distinct 
species. 
 
The combined result of the different effects discussed above is difficult to 
assess, but it does not seem unreasonable to assume that the CNE estimates 
generally overestimate species richness, while the other estimates and expert 
guesses may tend to slightly underestimate species richness. The target 
groups for which the total species richness was estimated from SMTP data 
(paper I, Table 1) together represent 1,117 of the 6,300 species estimated by 
expert to be missing from the known Swedish insect fauna. The CMR, 
Chao1 and Chao2 estimators all suggest that the expert estimate of 1,117 
additional species in these groups is a slight overestimate, while the CNE 
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estimator indicates that the analyzed groups together may contain as much as 
4,001 species that remain to be discovered. The CNE estimate would thus 
suggest a total upper maximum for the Swedish insect fauna of about 50,000 
species (24,700 + 6,300 * 4,001 / 1,117). 
 
One of the most exciting aspects of the analysis presented in paper I is that 
it allows us for the first time to answer questions about the composition of 
insect faunas with some accuracy. However, the exact causes of some of the 
patterns we observe remain unknown, for instance the difference in number 
of parasitic species per host species in the phytophagous and saprophagous 
communities. Ambitious ongoing biodiversity inventories, combined with 
new molecular techniques, are sure to radically improve our understanding 
of the size and composition of biotas in the near future. This opens up an 
entire range of questions, which biologists have not been able to tackle 
rigorously before. For the first time, biologists can hope to study the 
structure and function of entire biotas using a whole-systems approach. 
 
Even for iconic species that are close to peoples’ hearts and that have been 
known to man for a long time, we still sometimes have taxonomic issues. 
The African elephant provides an extreme example: although savanna and 
forest elephants from across Africa had been considered one species 
throughout most of the 20th century, recent findings suggest that the two are 
indeed separate species (Roca et al. 2007). Another example of iconic 
animals, where phylogenetic relationships are not fully resolved, are the 
Morpho butterflies of the Neotropics. Even though people are familiar with 
these large blue butterflies and have been collecting them as souvenirs, their 
phylogenetic relationships are still unclear and recent studies are still 
revealing unexpected results (Penz et al. 2012). When only an estimated 10 
% of the actual species diversity within a large taxonomic group is known, 
as is the case for the Phoridae, it is not surprising that virtually nothing is 
known about their phylogeny or ecological importance. Studying a species’ 
biology and its role in an ecosystem is a time consuming process, and many 
years of research are needed in order to merely understand basic facts. 
Examining phylogenetic relationships can be a way of rapidly charting the 
major evolutionary lineages, which can help focus field studies and 
experimental work on relevant groups, and extend existing knowledge to 
unstudied species. 
 
Within the Phoridae and especially within the giant genus Megaselia, we 
have just begun exploring phylogenetic relationships. Understanding the 
phylogeny of the large genus Megaselia is the first step towards dividing it 
into natural subgroups, which will in turn immensely increase the efficiency 
in the study of its diversity. For instance, this would allow taxonomists to 
identify manageable projects focused on a limited set of described species in 
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the genus without having to worry about potentially related lineages, thus 
drastically reducing the time until a more accurate picture of the entire group 
emerges. 
 
In paper III, we take the first steps towards a robust phylogeny-based 
division of the genus Megaselia into subgroups based on an analysis of four 
molecular markers. Although many of the relationships within the genus 
remain uncertain, several interesting results emerge from our analysis. One 
of the more intriguing is the support for a core Megaselia clade excluding 
three groups: the spinigera group, the ruficornis group, and the Myriophora 
clade. The monophyly of core Megaselia is further strengthened by the 
analysis presented in paper IV, which includes more representatives of basal 
Megaselia groups and of Megaselia-related genera in the Metopininae. The 
analysis in paper IV also adds Pseudacteon to the lineages that fall outside 
but are related to core Megaselia. The availability or potential availability of 
a number of genus names for these lineages suggest that it may eventually be 
advisable to recognize all of them as genera distinct from Megaselia, and 
restrict the latter to the core Megaselia clade. 
 
The analyses presented in paper II, paper III and paper IV also offer some 
of the first insights into the validity of previous taxonomic concepts 
discussed in the Phoridae. Clearly, although our molecular result contradict 
some details in Schmitz’ pioneering work on the classification of the group, 
it appears that some of his results may stand the test of time. Our results may 
well be compatible with monophyly of one or both of Schmitz’ subgenera, 
with some modest changes in circumscription, such as the exclusion of 
species belonging to lineages outside core Megaselia. Many of Schmitz’ 
divisions and rows may also be sound; our results are inconclusive at this 
level, but it is noticeable that many of our species groups fall inside only one 
of Schmitz’ divisions or rows. 
 
In contrast, the tentative species groups identified by us prior to molecular 
analysis appear to be para- or polyphyletic (paper III, Table 1). One reason 
may be that they are based to a large extent on characters of the male 
genitalia. While these characters appear to be ideal for separating phorid 
species, it is possible that they evolve too rapidly to convey much 
information about relationships above the species level. In contrast, Schmitz’ 
groups are largely based on external characters, which may not allow species 
separation but evolve slowly enough to retain important signal about higher 
relationships within the genus.  
 
Even though much of the progress in phorid taxonomy presented in this 
thesis is based on molecular analyses, we believe that it is important to 
continue studying phorid morphology. For instance, morphological traits 
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provide a cheaper, faster and simpler method of identification than DNA 
analyses, so knowledge of diagnostic morphological characters is still of 
considerable practical significance. Male genitalia in Megaselia appear to 
provide a very reliable means of species identification; in fact, male genitalia 
appear to contain as much information relevant for species delimitation as 
molecular markers. Over several years of molecular analyses of phorids, we 
have failed to detect a single species that was not revealed already by 
examination of male genitalic characters. This contrasts with many other 
groups of insect, e.g. parasitic wasps of the family Braconidae (Stigenberg 
and Ronquist 2011), where male genitalia are less complex (or less well 
studied) and molecular studies tend to reveal a high proportion of cryptic 
species. 
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Conclusion 

Within this thesis I first explored the size and composition of the Swedish 
insect fauna in paper I. In the following papers (II-IV) I concentrated on 
one of the most poorly known groups within the Swedish Diptera fauna, the 
family Phoridae (scuttle flies). Specifically, I contributed to the knowledge 
of the Swedish phorid fauna and the phylogeny and classification of the 
mega-diverse phorid genus Megaselia. In total, 47 new species of Megaselia 
are described in the papers within this thesis and the first molecular 
phylogeny of the genus Megaselia is presented. 
 
Future projects stemming from this thesis should explore the use of genomic 
data for phylogenetic analyses of the genus Megaselia. The use of more data 
would certainly be beneficial in order to untangle the relationships of species 
within this large radiation. The analyses presented in papers III-IV leave 
much of the basal splits within the core Megaselia clade unresolved. 
 
Furthermore, the species groups recognized in paper III should be further 
studied and a broader material from a wider geographic range should be 
sampled and analyzed. With a step-by-step approach to refining our 
phylogenetic knowledge about the radiation, the giant genus Megaselia 
could be divided into successively finer and more accurately circumscribed 
clades, increasingly opening up the group to a range of more detailed studies 
of subgroups of manageable size. Eventually, it seems likely that several of 
these clades will be recognized as genera distinct from Megaselia. 
 
Charting biodiversity may be the single most important field of research in 
order to understand the complexity of ecosystems and the world we live in. 
In the long run, the solution to our problems of overpopulating planet Earth 
may be found here. There may well be a species of plant that we have not 
found yet that could turn out to be a superior source of food, clothing or 
building material. There may well be a species of parasitic wasp that – 
provided we do not let it go extinct – may control a pest species of flies that 
otherwise would have destroyed our harvests in the year 2097. We can only 
speculate about what there is to be found in the world around us. What we 
do know is that habitats are being destroyed at a rate that cannot be 
recovered by nature alone and that species are going extinct at a higher rate 
than what we would consider normal. Which these doomed species are, we 
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often do not know. What we do know is that describing species takes time, 
and studying their life histories and ecology is even more time-consuming. 
We have been doing it for about 300 years and we are not even close to 
finishing the job. This thesis, focused on one of the most abundant and 
ubiquitous insect groups, is offered as one small contribution towards the 
urgent task of completing the inventory of life on earth. Maybe it will only 
serve to satisfy our curiosity, maybe it will turn out to represent a small but 
important step towards saving humankind. 
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Svensk Sammanfattning 

Den här avhandlingen handlar om insektsdiversitet i Sverige i allmänhet och 
diversiteten hos en stor grupp av små flugor – puckelflugor – i synnerhet. 
Det pratas nu för tiden mycket om att vi måste bevara den biologiska 
mångfalden. Genom förstörelse av habitat riskerar många arter att dö ut 
medan det för många andra redan är för sent. Samtidigt är vi långt ifrån att 
känna till alla arter på denna planet.  
 
Den första artikeln i avhandlingen använder ett par olika metoder och nya 
data för att försöka uppskatta hur många insektsarter som totalt finns i 
Sverige. Bland insekterna finns dels välkända grupper som fjärilar och 
skalbaggar, där vi i princip känner till varenda art som finns i vårt land, dels 
grupper som tvåvingar (flugor och myggor) och steklar (med bl. a. myror, 
getingar, bin, men framförallt parasitsteklar), där mycket av mångfalden 
fortfarande är okänd. Det är svårt att föreställa sig att det fortfarande finns 
mycket okänt i ett land som Sverige, där traditionen att beskriva arter och 
studera mångfalden går ända tillbaka till Carl von Linné, men faktum är att 
det fortfarande finns många nya arter kvar att upptäcka. 
 
Sedan ett tiotal år finns ett statligt finansierat projekt, Svenska Artprojektet, 
som har som mål att kartlägga alla flercelliga organismer i Sverige 
(http://www.artdatabanken.se/verksamhet-och-uppdrag/svenska-
artprojektet/). Med finansiering av Svenska Artprojektet startades 2003 
Svenska Malaisefälleprojektet eller SMTP 
(http://www.stationlinne.se/sv/forskning/the-swedish-malaise-trap-project-
smtp/), den första systematiska inventeringen av den svenska insektsfaunan. 
Med Malaisefällor samlades uppskattningsvis 80 miljoner insekter in från 
hela Sverige under tre års tid, och materialet har sedan dess successivt 
sorterats i mindre taxonomiska grupper för att göra det så tillgängligt för 
taxonomer som möjligt. 
 
Med hjälp av data från SMTP har vi uppskattat det totala antalet arter i åtta 
utvalda insektsgrupper genom att använda välkända metoder. Dessa metoder 
tar i beaktning vilka arter som är kända i det studerade området (i det här 
fallet Sverige), samt vilka arter som faktiskt har hittats och i vilket antal. 
Speciellt viktiga är här arter som bara hittas i en eller två exemplar, eftersom 
frekvensen av dessa ger en indikation på hur komplett det studerade 
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underlaget är. Ju fler arter som hittas i bara en eller två exemplar, desto 
längre ifrån det totala antalet arter är insamlingen. 
 
Som komplement till dessa uppskattningar bad vi experter att bedöma hur 
stor den svenska insektsfaunan är. Totalt omfattar faunan 636 grupper, om 
man delar in den i familjer och de tre största familjerna i underfamiljer. 
Experterna är ofta professionella taxonomer men kan också vara personer 
som har systematisk forskning som fritidsintresse. De senare kallar vi ofta 
för amatörtaxonomer trots att de oftast är väl så insatta i sin grupp som 
professionella systematiker. 
 
Till experterna ställde jag frågan ”Hur många arter tror du att det finns totalt 
i din grupp i Sverige?” Även om svaret kan te sig som en vild gissning, får vi 
inte glömma att det baseras på många års erfarenhet och en bra känsla för 
gruppen. Dessutom har många av experterna tack vare Svenska artprojektet 
kunnat specialstudera den svenska faunan under senare år. Det visade sig 
också när vi jämförde expertgissningarna med våra beräknade siffror (i de få 
grupper där vi hade en sådan siffra) att experterna alltid var nära. 
Sammanlagt tror experterna att vi har över 31 000 arter i Sverige, att jämföra 
med de nu kända 26 000 arterna. 
 
Vår analys indikerar att det bara är 13 av våra 636 insektsgrupper där vi kan 
förvänta oss att upptäcka mer än 100 nya arter och där stora 
forskningsinsatser är nödvändiga. En av dessa grupper är tvåvingefamiljen 
puckelflugor. I Sverige är idag 404 arter av puckelflugor rapporterade i 
Dyntaxa, den officiella svenska checklistan (http://dyntaxa.se). Hela 278 
arter ingår i ett enda släkte – Megaselia. Sven Olof Ulefors uppskattar dock 
det totala artantalet i Sverige till 1 100. 
 
Globalt har släktet Megaselia över 1 600 arter 
(http://phorid.net/pcat/numSpecPerGen.php), vilket gör det enormt stort och 
svåröverskådligt. Innan jag började med denna avhandling hade inga försök 
gjorts att dela upp släktet i mindre grupper med hjälp av molekylära 
metoder. Däremot fanns ett arbete där en indelning på morfologisk grund 
hade påbörjats, men tyvärr inte avslutats (Schmitz 1951, 1955, 1956, 1957, 
1958, Schmitz and Beyer 1965a, 1965b, Schmitz et al. 1974, Schmitz and 
Delage 1981). Med hjälp av detta arbete samt egna morfologiska studier 
hade Sven Olof Ulefors, en amatörtaxonom som är expert på puckelflugor 
och speciellt intresserad av Megaselia, kommit fram till en indelning av 
släktet i totalt 58 grupper, varav ett par delats in ytterligare i delgrupper.  
 
För att testa den här morfologiska indelningen, men även för att få ett så 
brett material för en fylogenetisk studie av släktet Megaselia som möjligt, 
samlade jag ihop så många arter puckelflugor som möjligt med målet att få 
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med minst två arter från varje grupp, för större grupper ännu fler. Jag 
lyckades att få med individer från 45 grupper och analyserade totalt 175 
individer i 145 arter av Megaselia med molekylära metoder. För detta arbete 
sekvenserade jag fyra olika gener och analyserade sedan datasetet med 
Bayesianska metoder. 
 
Resultatet är den första molekylära fylogenin (släktskapsträdet) över släktet 
Megaselia, vilken presenteras i artikel III i avhandlingen. Baserat på 
fylogenin föreslår vi en indelning av släktet i 22 monofyletiska artgrupper 
som omfattar två eller fler arter. En monofyletisk grupp är en grupp arter 
som delar en gemensam förfader de inte delar med andra arter. Artgrupperna 
stämmer bara delvis överens med de grupper som identifierats tidigare av 
Schmitz och Ulefors. Morfologiska egenskaper för alla artgrupper beskrivs i 
artikeln. Ytterligare åtta arter uppträder ensamma i trädet, och mer 
omfattande analyser behövs för att avgöra om de representerar egna 
artgrupper eller om de bäst förs till en av de artgrupper vi definierar i 
artikeln. Ytterligare analyser kommer att vara nödvändiga för att få en 
fullständig upplösning av Megaselia-trädet, men som ett redskap för vidare 
taxonomiskt och fylogenetiskt arbete så kommer den här artikeln att kunna 
användas länge. Förutom det fylogenetiska trädet som presenteras, så 
beskrivs även 45 arter som nya för vetenskapen.  
 
I de resterande två artiklarna (II och IV) studerar vi två av artgrupperna som 
vi identifierat i artikel III, lucifrons-gruppen och spinigera-gruppen. Bägge 
grupperna analyseras med både molekylära och morfologiska metoder 
baserat huvudsakligen på material från SMTP. I vardera artikeln beskrivs en 
ny art för vetenskapen. 
 
Sammanlagt har forskningen i denna avhandling bidragit till vår kunskap om 
den svenska insektsfaunan dels genom att peka ut de taxonomiska grupper 
där vi kan förvänta oss att hitta många nya arter och dels genom att föra 
forskningen i en av dessa grupper framåt. Genom att presentera den första 
molekylära fylogenin för det artrika släktet Megaselia har vi lagt grunden för 
att kunna utforska denna grupp på ett betydligt effektivare och mer 
strukturerat sätt än tidigare. 
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