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1. INTRODUCTION 

1.1 THE IMPORTANCE OF MOSQUITO RESEARCH IN GERMANY 

Malaria has dominated the field of mosquito-borne diseases in Europe for centuries. 

Mosquitoes as vectors of malaria parasites had been identified at the end of the 19th 

century by the English medical scientist Ronald Ross, who was later honoured for his 

work with the Nobel prize. However, the connection between the fever and the 

presence of swamps had been known long before. The disease was believed to be 

caused by fumes produced by the swamps, a fact also reflected in the name 

“malaria”, from Italian “mala aria” meaning “bad air”. To avoid these fumes, people 

began to settle away from swamps and started draining them (DOBSON 1994). With 

these procedures, they unknowingly limited Anopheles breeding places and so 

confined the spread of malaria pathogens. The separation of cattle sheds and human 

dwellings led to a reduced contact between mosquitoes and humans. The 

development and administration of synthetic malaria drugs (DOBSON 1994) as well as 

the application of DDT (dichlorodiphenyltrichloroethane) for mosquito control in the 

early 20th century contributed to a further decrease in malaria cases (DE ZULUETA 

1994). The last malaria epidemic in Germany occurred in 1953 in Berlin. Returning 

World War II soldiers obviously carried malaria pathogens which were then 

transmitted by indigenous Anopheles mosquitoes (EICHENLAUB 1979). 

Due to successful control by the above mentioned measures and improved hygienic 

standards, malaria parasites (Plasmodium spec.) do not circulate in Germany 

anymore although local cases of malaria, such as airport malaria where infected 

mosquitoes are introduced by airplanes, are possible (e.g. SIGNORELLI & MESSINEO 

1990, CASTELLI et al. 1993). By contrast, the vectors of the malaria parasites, 

mosquitoes of the genus Anopheles, are still widely distributed in Germany (BECKER 

et al. 2010). In Africa and parts of Asia, malaria is still the deadliest vector-borne 

disease with an estimated 198 million cases and 584,000 deaths in 2013, closely 

followed by another mosquito-borne disease, dengue fever, with an estimated 50-100 

million infections per year (WHO 2012, 2014). 

With the disappearance of malaria from Germany, mosquito research had been 

eclipsed in this country. In public awareness, indigenous blood-sucking insects had 

been degraded from pathogen vectors to mere nuisances (KAMPEN & SCHAFFNER 

2008). This attitude has only changed with the outbreak of bluetongue, a viral 



8 

 

disease of ruminants, in Central Europe in 2006 (SAEGERMAN et al. 2008), the 

etiological agent of which is transmitted by the bite of Culicoides spp. midges 

(MEHLHORN et al. 2007). The epidemic cost the lives of tens of thousands of 

ruminants (directly and indirectly by culling) and caused enormous economic loss to 

farmers and the livestock industry (GETHMANN et al. 2010). In 2011, Schmallenberg, 

another biting midge-borne ruminant disease, emerged in Germany and struck 

livestock and farmers again, although less dramatically (CONRATHS et al. 2013). 

The recent cases and outbreaks of biting midge-borne diseases in Central Europe 

and of mosquito-borne diseases in southern Europe (see below) as well as the 

emergence of exotic pathogens drew mosquitoes back into the focus of 

entomological research. Because of the long neglect of this group of insects, 

however, the data on the German mosquito fauna and the knowledge of the 

occurrence and distribution of species was largely outdated. 

Today, 50 mosquito species are supposed to occur in Germany. These differ from 

each other in many biological and ecological characteristics like distribution, 

population dynamics, host preferences, choice of breeding sites, vector 

competences, modes of hibernation etc. Not only might the mosquito fauna 

composition in Germany have changed during the past decades of limited scientific 

attention, but also do pathogens nowadays appear in regions where they were not 

known before. 

In order to prevent disease outbreaks or react properly in the case of a mosquito-

borne disease, a profound knowledge of the mosquito fauna and the distribution of 

potential vector species are crucial. 

 

 

1.2 MOSQUITOES AND PATHOGENS IN PRESENT-DAY EUROPE 

In Germany, mosquitoes currently make an appearance primarily as nuisance pests, 

because their aggressive biting behaviour and their mass development in some 

regions spoil people’s leisure time outdoors (BECKER 1997). However, in other parts 

of the world, and even of Europe, they are well-known vectors of pathogens. 

Mosquitoes transmit pathogens in a biological way, meaning that the pathogen 

obligatorily proliferates or completes part of its life cycle within the mosquito host 

before being transmitted to another host during blood feeding (CLEMENTS 2012). 
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In large parts of Europe, several outbreaks of mosquito-borne diseases occurred 

within the last two decades. These diseases are referred to as “emerging mosquito-

borne diseases” which have gained high attention in Europe lately (WEISSENBÖCK et 

al. 2010, ZELLER et al. 2013, SCHAFFNER et al. 2013). “Emerging” means that the 

diseases were previously unrecognized or have reappeared, are rapidly increasing in 

incidence or geographic range or are supposed to become a threat in the near future 

(GRATZ 1999). 

 

Malaria 

Malaria is caused by protozoans of the genus Plasmodium which live as parasites in 

the human liver and blood cells. They complete their life cycle within Anopheles 

mosquitoes able to transmit them to a new human host during their next blood meal. 

Five species of the parasite are human-pathogenic: Plasmodium falciparum, 

Plasmodium vivax, Plasmodium ovale, Plasmodium malariae and, only recently 

recognised, Plasmodium knowlesi (WHO 2014). Infection with these pathogens leads 

to various forms of malaria. Malaria tropica, or P. falciparum malaria, is characterised 

by high fever, anaemia and may have neurological complications which are often 

fatal. Malaria tertiana (P. vivax, P. ovale) and quartana (P. malariae) go along with a 

milder symptomatology and are characterised by recurrent fever episodes (WARRELL 

& GILLES 2002). Plasmodium knowlesi is a parasite of macaques, but was recently 

found infecting humans as well (WHO 2014). It had previously been mixed with P. 

malariae but can lead to a much severer pathology including death of the patient 

(COX-SINGH et al. 2008).  

Local and autochthonous cases of malaria are reported from time to time from 

European countries with members of the Anopheles maculipennis complex (An. 

maculipennis s.l.) as vectors. In 2011, an epidemic broke out in Greece with 20 

diseased persons without travel background (DANIS et al. 2011a). Further cases 

occurred in Germany (PRAETORIUS et al. 1999, KRÜGER et al. 2001, ZOLLER et al. 

2009), Spain (CUADROS et al. 2002, SANTA-OLALLA PERALTA et al. 2010), France 

(ARMENGAUD et al. 2006, DOUDIER et al. 2007) and Italy (SARTORI et al. 1989, BALDARI 

et al. 1998). 
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Dengue fever 

The causative agent of dengue fever is the dengue virus of the family Flaviviridae. An 

infection with dengue virus causes severe feverish illness with unspecific, flu-like 

symptoms, but can also lead to the so-called dengue haemorrhagic fever or dengue 

shock syndrome which can be fatal (WHO 2009). The virus is transmitted by aedine 

mosquitoes such as Aedes aegypti or Aedes albopictus (WHO 2009). 

Several cases and one epidemic of dengue fever occurred within the last decades in 

European countries: 2010, 2013 and 2014 in France (LA RUCHE et al. 2010, 

MARCHAND et al. 2013, SCHAFFNER et al. 2014), 2010 in Croatia (GJENERO-MARGAN et 

al. 2011) and 2012 in Portugal (Madeira) (SOUSA et al. 2012). On the Island of 

Madeira, the main vector was Ae. aegypti, the yellow fever mosquito, which had 

established only a few years prior to the outbreak. By contrast, Ae. albopictus was 

made responsible for the other European cases (SCHAFFNER & MATHIS 2014). 

Worldwide, dengue is the most important vector-borne viral disease of humans and, 

with this, has probably overrun malaria globally in terms of morbidity and economic 

impact (GUBLER 2012). 

 

Chikungunya 

In 2007, a tourist from India brought the chikungunya virus to North Italy, where a 

population of Ae. albopictus had established, with the result of an epidemic with 

about 200 disease cases and one fatality – a proof for the effectiveness of pathogen 

transmission by this mosquito species (REZZA et al. 2007, CASOLARI et al. 2008). 

Chikungunya virus is an alphavirus belonging to the family Togaviridae. It causes an 

illness with fever and massive joint pain. Further recent autochthonous cases of 

chikungunya were reported from France in 2010 and 2014 (GRANDADAM et al. 2011, 

DELISLE et al. 2015).  

 

West Nile fever 

Infection with West Nile virus, which belongs to the family Flaviviridae, normally takes 

an asymptomatic to mild course or induces flu-like symptoms with fever, but may also 

cause fatal encephalitis or meningitis (HAYES 2001). This virus led to an outbreak in 

Greece in 2011-2013 (DANIS et al. 2011b) and has caused epidemics from time to 

time in other South European countries (HUBÁLEK & HALOUZKA 1999). In late summer 

2008, a large epidemic of West Nile fever occurred in northeastern Italy. Horses and 
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humans were affected (CALISTRI et al. 2010). Further epidemics were reported from 

Romania (TSAI et al. 1998) and France (MURGUE et al. 2001). In the USA, West Nile 

virus has caused numerous human fatalities within the last decade (ROEHRIG 2013). 

 

Filariasis 

Mosquitoes are also competent vectors of several species of filariae, nematode 

worms infecting tissues or the circulatory system of vertebrate hosts. In Germany, 

mosquitoes of the species Culex pipiens s.l., Aedes vexans, Culiseta annulata and 

An. maculipennis s.l. infected with Dirofilaria immitis and Dirofilaria repens have 

recently been found (KRONEFELD et al. 2014, CZAJKA et al. 2014). Infection with these 

filarial species induce cardiovascular symptoms known as heartworm disease (D. 

immitis) or subcutaneous nodules and allergic dermatitis (D. repens) in canines, 

felines and other carnivores (MCCALL et al. 2008, ROCCONI et al. 2012, SIMÓN et al. 

2012). Humans can also become infected, in rare cases even severely (POPPERT et 

al. 2009), and a first presumably autochthonous case of human infection has been 

documented from Germany (TAPPE et al. 2014). 

Setaria tundra which has also recently been demonstrated in German mosquitoes 

(CZAJKA et al. 2012, KRONEFELD et al. 2014) only affects ruminants and may induce 

peritonitis and perihepatitis (SERVICE 2001, LAAKSONEN et al. 2007). 

 

In Germany, the present situation concerning mosquito-borne diseases is not 

alarming. Mosquito-borne pathogens causing severe illnesses in humans are absent. 

However, some arboviruses circulate that may lead to mild flu-like illnesses in 

infected humans. Without any surveillance, the causative agents of such disease 

cases are likely to remain undetected and spread. 

Sindbis virus, an alphavirus of the family Togaviridae, is endemic in northern Europe 

with mosquito species such as Aedes cinereus and Cx. pipiens as vectors 

(LUNDSTRÖM 1999). The virus is pathogenic to humans and animals, and infections of 

humans may present with mild febrile illness. The virus has already been found in 

German mosquitoes of the species Culex torrentium, Cx. pipiens and An. 

maculipennis s.l. (JÖST et al. 2010). Similar symptoms are caused by Tahyna and 

Batai viruses. Both belong to the family Bunyaviridae and have been isolated from 

German mosquitoes of the species Ae. vexans (PILASKI & MACKENSTEIN 1985, JÖST et 
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al. 2011). In 2011, the Usutu virus (Flaviviridae), detected in indigenous mosquito 

species of the Cx. pipiens complex and some Aedes species, caused mass mortality 

among blackbirds in southwestern Germany (BECKER et al. 2012, BOSCH et al. 2012). 

Although neuroinvasive infections in non-immunocompromised humans have been 

described (SANTINI et al. 2015), this virus is thought to be primarily bird-pathogenic. 

 

 

1.3 INVASIVE MOSQUITO SPECIES 

The displacement of plant and animal species is a well-known phenomenon since 

people have started travelling around the world. However, it took a long time to 

understand the whole range of impacts invasive species can have to ecosystems and 

health. Some species have been introduced on purpose to new living spaces, 

because they were thought to be useful in some way, e.g. as predators to control 

pests or as productive livestock for early settlers. Others travel with humans and 

goods around the world accidentally and unnoticed, such as eggs or seeds. 

Sometimes, these bring forth established populations in the newly infested area. 

In the case of mosquitoes, the term “invasive” is generally negatively flawed, because 

exotic mosquitoes may come along with a very good adaptability, a competence to 

transmit pathogens and a high resilience concerning the competition with indigenous 

species. Invasive mosquito species often have an impact on the endemic mosquito 

fauna in the infested area (LOUNIBOS et al. 2007, ANDREADIS & WOLFE 2010, MEDLOCK 

et al. 2012) and sometimes implicate economic costs in the animal or public health 

sector. However, they provide an opportunity to observe processes that are difficult to 

see in long established populations (FONSECA et al. 2010). This has basic and 

practical relevance because understanding how species proliferate and migrate in a 

new habitat is critical to predicting future movements and customising control efforts 

(MYERS et al. 1998). 

Within the last decades, various mosquito species have increased their distribution 

area by displacement through passive transportation, among them potential vectors 

of arboviruses (Figure 1). As vector species are imported continuously, the likelihood 

of them adapting to new environmental conditions and establishing populations 

increases steadily (MEDLOCK et al. 2012).  
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Figure 1 Overview of the exotic and invasive aedine mosquito species in Europe (figure source: 

MEDLOCK et al. 2012, modified). 

 

Aedes albopictus is probably the most expansive mosquito species in the world 

(MEDLOCK et al. 2012). Its original distribution range is Southeast Asia, but to date, it 

has conquered wide parts of the world and is also well established in Europe 

(MEDLOCK et al. 2012). In northern parts of the US, this tropical species has obviously 

adapted to temperate climates and managed to hibernate by producing diapausing 

eggs (HAWLEY 1988). 

Aedes albopictus is regularly introduced into Germany from South European 

countries like Italy and Spain each summer, and was shown to reproduce over weeks 

and months for the first time north of the Alps in 2014 (WERNER & KAMPEN 2015). As 

a competent vector of 26 viruses, Ae. albopictus is considered a significant threat to 

public health (PAUPY et al. 2009). Even without transmitting pathogens, the 

aggressively biting females are a serious nuisance, particularly in urban areas 

(PAUPY et al. 2009). 
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Another important invasive mosquito species is Ae. aegypti, the yellow fever 

mosquito. It has never been found in Germany so far, but is established on the Island 

of Madeira and in Transcaucasian areas (ALMEIDA et al. 2007, YUNICHEVA et al., 

2008; SCHAFFNER & MATHIS 2014). Similar to Ae. albopictus, Ae. aegypti is a dreaded 

vector of disease agents. Its behaviour to feed multiple times during one gonotrophic 

cycle with a preference for human blood makes it an efficient vector of human 

pathogens (MEDLOCK et al. 2012). 

The Asian bush mosquito Aedes j. japonicus is the first invasive mosquito species in 

Germany having established large and stable populations. First individuals were 

found in 2008 in South Germany, near the Swiss border (SCHAFFNER et al. 2009). 

Further invasive aedine mosquito species detected in Europe are Aedes atropalpus, 

Aedes triseriatus and Aedes koreicus. In addition, members of the genus Culex, such 

as Culex vishnui or Culex tritaeniorhynchus, with the latter being described to be a 

competent vector of Japanese encephalitis virus (SUCHARIT et al. 1989), show 

invasive tendencies (MEDLOCK et al. 2012).  

All invasive mosquitoes of the genus Aedes are container-breeding species. Their 

global displacement is strongly associated with international trade and travel 

(MEDLOCK et al. 2012). Particularly critical is the worldwide trade with used tyres and 

lucky bamboo. The tyres get shipped from the original distribution ranges to other 

parts of the world and with them attached drought-resistant mosquito eggs. As the 

tyres are normally stored under the open sky, rainfall will cause the mosquito eggs to 

fall below the waterline and the larvae to hatch. In the case of water-based plants, 

such as lucky bamboo, larvae of exotic mosquitoes are dispersed. Within the 

continent, private and public ground transport contributes to the spread of invasive 

mosquitoes along motorways (MEDLOCK et al. 2012). 

 

 

1.4 SYSTEMATICS AND ECOLOGY OF AEDES JAPONICUS JAPONICUS 

The Asian bush mosquito Aedes (Finlaya) japonicus japonicus (THEOBALD, 1901) 

belongs to the Ae. japonicus species complex, which consists of four subspecies: 

Aedes japonicus japonicus, Aedes japonicus amamiensis TANAKA, MIZUSAWA & 

SAUGSTAD, 1979, Aedes japonicus shintienensis TSAI & LIEN, 1950, and Aedes 

japonicus yaeyamensis TANAKA, MIZUSAWA & SAUGSTAD, 1979 (TANAKA et al. 1979). 
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These subspecies are difficult to distinguish morphologically, because differences 

between them are only apparent in the scale patterns of their hindfemora (Figure 2). 

Curiously, Aedes j. japonicus is the only one of the four subspecies that has been 

found outside its native range. The four subspecies are genetically distinct and form a 

monophyletic group together with Aedes koreicus (CAMERON et al. 2010).  

 

 

Figure 2 Hindfemora scale patterns of subspecies of the Ae. japonicus complex (figure source: 

TANAKA et al. 1979). 

 

Following systematic work by REINERT (2000), the subgenus Ochlerotatus has been 

elevated to generic rank in the year 2000 and the name Ochlerotatus japonicus 

japonicus has been introduced for the species. After another revision, the name 

Hulecoeteomyia japonica japonica was suggested in 2006 (REINERT et al. 2006). In 

the present work, Aedes japonicus japonicus is used, following the annotation by 

EDMAN (2005). 

The species’ native distribution range is East Asia where it occurs in Japan, Korea, 

Taiwan, southeastern Russia and eastern China. Aedes j. japonicus is a tree-hole or 

rock pool breeder (American name: Asian rock pool mosquito) but also accepts a 

huge variety of small artificial water containers like buckets or flower vases as 

breeding habitats (MIYAGI 1971, TANAKA et al. 1979). It is adapted to temperate 

climates, and the overwintering eggs can endure temperatures as low as -18 °C 
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(BEVINS 2007). This explains the more northerly distribution of Ae. j. japonicus 

compared to the thermophilic invasive species Ae. aegypti and Ae. albopictus. EGIZI 

et al. (2014) suggest interspecific benefits between larvae of Ae. j. japonicus 

and Culex quinquefasciatus, enabling Ae. j. japonicus to also breed in warmer 

waters and thus colonise tropical regions like the Hawaiian islands (LARISH & 

SAVAGE 2005). During oviposition, the eggs are attached singularly to humid 

substrates above the water line. This can be the rough wall of the breeding container 

or wooden materials like ovipositioning sticks. Given adequate conditions in terms of 

temperature and water supply, larvae hatch after a few days. 

Aedes j. japonicus larvae have a dark brown head and a body of a light yellowish 

brown (KAMPEN et al. 2012). In comparison to most indigenous mosquito species, 

they wiggle even more worm-like when moving and hide for longer periods of time in 

the ground debris of the water container (KAMPEN et al. 2012). The larvae are often 

found living together with indigenous mosquito larvae like those of Cx. pipiens or 

Anopheles plumbeus (SCOTT 2003, own observations). They can develop in relatively 

cold water which may be below 10 °C. Adult Ae. j. japonicus are blackish-brown with 

distinguished, bright white markings on their bodies and legs. The scutum shows 

bronze-coloured longitudinal stripes on a brown ground. The adults are associated 

with bushy landscapes providing shelter and shade for daytime resting. Bloodmeal 

analyses have shown that Ae. j. japonicus females readily feed on mammal blood 

(DAMIENS et al. 2014). 

 

 

1.5 MEDICAL IMPORTANCE OF AEDES JAPONICUS JAPONICUS 

Although Ae. j. japonicus is not considered an important vector in its native range and 

evidence for a major role in field transmission of disease agents is generally absent, 

it has been shown to be able to transmit several arboviruses in the laboratory 

(KAMPEN & WERNER 2014). Under experimental conditions, six different viruses have 

been successfully transmitted (Table 1): West Nile virus (TURELL et al. 2005), 

Japanese encephalitis virus (TAKASHIMA & ROSEN 1989), Eastern equine encephalitis 

virus (SARDELIS et al. 2002a), St. Louis encephalitis virus (SARDELIS et al. 2003), La 

Crosse virus (SARDELIS et al. 2002b) and Rift Valley fever virus (TURELL et al. 2008). 

Aedes j. japonicus is also capable of transmitting Japanese encephalitis virus 
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transovarially, meaning that infected females pass the virus on to their offspring 

(TAKASHIMA & ROSEN 1989). The species is also susceptible to infection with 

chikungunya, dengue and Getah viruses (SCHAFFNER et al. 2011, TAKASHIMA & 

HASHIMOTO 1985). However, Ae. j. japonicus has never been proven to be a vector in 

the field so far although it has been found infected with Japanese encephalitis virus 

in Russia (CHAGIN & KONDRATIEV 1943) and with West Nile and LaCrosse viruses in 

the USA (MOLAEI et al. 2009, WESTBY et al. 2011, HARRIS et al. 2015). Its frequent 

habitation in urban and suburban surroundings and its preference for mammalian 

and avian blood make Ae. j. japonicus a likely candidate to act as a bridge vector for 

zoonotic viruses like West Nile virus (KAMPEN & WERNER 2014). 

 

Table 1 Pathogens linked with Ae. j. japonicus (figure source: KAMPEN & WERNER 2014, modified). 

 

 

 

1.6 INTRODUCTION AND DISTRIBUTION OF AEDES JAPONICUS JAPONICUS 

Aedes j. japonicus has been found for the first time outside its natural distribution 

range in the early 1990s in New Zealand (LAIRD et al. 1994). These and other 

individuals intercepted later in New Zealand could be eradicated immediately upon 

detection (DERRAIK et al. 2003), and to date, there is no population of Ae. j. japonicus 

known from New Zealand (KAMPEN & WERNER 2014). The first established 
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populations outside East Asia were reported in 1998 from the eastern United States 

of America, where the three states Connecticut, New Jersey and New York had been 

found infested (PEYTON et al. 1999, MUNSTERMANN & ANDREADIS 1999). During the 

next ten years, Ae. j. japonicus was found in 30 additional US states. Today, it is also 

present in Canada and on the Hawaiian islands (LARISH & SAVAGE 2005, THIELMAN & 

HUNTER 2006). The latest detected established population in North America was 

reported from New Foundland in 2013 (FIELDEN et al. 2015). 

In 2000, the first individuals of Ae. j. japonicus were reported from France 

(SCHAFFNER et al. 2003). As in New Zealand, these were immediately eradicated 

(SCHAFFNER et al. 2009). The first established population in Europe was documented 

in 2002 in Belgium (VERSTEIRT et al. 2009). This population is the only European 

population whose mode of introduction is known: so far, all individuals have been 

collected on the premises of two close-by used tyre trading companies and their 

surroundings. In the years to come, further populations of Ae. j. japonicus emerged in 

Europe. In 2008, a population was reported from the border region of Germany and 

Switzerland (SCHAFFNER et al. 2009). Three years later, in 2011, local reproduction 

was demonstrated in the border region of Austria and Slovenia (SEIDEL et al. 2012). 

Two more populations were found in Germany in 2012 (West Germany) and 2013 

(North Germany) (KAMPEN et al. 2012, WERNER & KAMPEN 2013). The Austrian-

Slovenian population spread into parts of Hungary and Croatia and significantly 

increased its distribution range in Slovenia (KALAN et al. 2014). The Swiss-German 

population spread into eastern France (KREBS et al. 2014), while a further population 

was detected in the Netherlands in 2013 (IBÁÑEZ-JUSTICIA et al. 2014). 

The most recent European population of the Asian bush mosquito so far was 

detected in southeastern Germany/Austria in summer 2015 (ZIELKE et al. 2015). 

In summary, there are seven geographically separated populations of Ae. j. japonicus 

in Europe (Figure 3). To unveil sources, routes and modes of introduction, as well as 

underlying migration processes, kinship analyses among the European populations 

and between these and populations abroad must be addressed. 
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Figure 3 European populations of Ae. j. japonicus (figure source: KAMPEN & WERNER 2014, modified). 

 

 

1.7 POPULATION GENETICS OF AEDES JAPONICUS JAPONICUS 

Population genetic studies allow an insight into a species’ displacement and spread. 

They may help to uncover relationships between imported populations and to identify 

their source populations and introduction ways. 

The examination of microsatellites is an adequate approach to draw frequency-based 

conclusions on the relatedness between populations. Microsatellites are short DNA 

sequence repeats (short tandem repeats = STRs) of 2-5 bp length. Among or within 

populations the frequency of repetitions might be different and produce different 
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alleles on a certain locus. The exact length of the microsatellite can be measured by 

fragment length analysis. Thus, the alleles existing in the examined population can 

be identified. The same alleles refer to a close relationship between populations or 

individuals. The more alleles exist in a population, the higher is its genetic diversity. A 

high genetic diversity, in turn, may correlate with high adaptability and a high 

likelihood of this population to establish and persist. Seven microsatellite loci useful 

for population genetic studies are currently known for Ae. j. japonicus (WIDDEL et al. 

2005, Figure 4). 

 

 

Figure 4 Microsatellite loci of Ae. j. japonicus (figure source: WIDDEL et al. 2005, modified). 

 

A further way to examine a population’s origin and its relatedness to other 

populations is the sequencing of the nad4 (NADH dehydrogenase subunit 4) gene of 

the mitochondrial DNA that has shown to be sufficiently variable and informative for 

population level analyses (FONSECA et al. 2001). Mitochondrial DNA is maternally 

inherited and evolves rapidly. The additional examination of the nad4 region allows 

better conclusions on the genetic makeup of a population because the results may 

complement and refine microsatellite analyses. The respective PCR amplifies a 424 

bp segment of the nad4 gene showing single nucleotide polymorphisms (Figure 5) 

which are unique for a genetic lineage/population. To date, 45 nad4 haplotypes have 

been described for Ae. j. japonicus (ZIELKE et al. 2016).  
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Figure 5 15 out of 45 known nucleotide haplotypes of the 424 bp segment of the nad4 gene 

mitochondrial DNA of Ae. j. japonicus (figure source: FONSECA et al. 2001, modified). 

 

Nad4 haplotype determination can be complicated by heteroplasmy, the coexistence 

of multiple mitochondrial haplotypes in a single organism (MAGNACCA & BROWN 

2010). Heteroplasmy can be caused by somatic mutations or paternal leakage, the 

latter term describing the non-elimination of the paternal mitochondrium during 

fertilisation of an egg (KVIST et al. 2003). The affected individuals cannot be used for 

haplotype analyses, because assigning them to one single haplotype is impossible. 

 

 

1.8 OBJECTIVES 

The invasive mosquito species Europe had to deal with recently show vector 

competences for numerous pathogens, including some not endemic ones. Presently, 

mosquito-borne pathogens are scarce in Germany, and viruses that appear to 

circulate generally cause mild febrile illness only. Pathogens having the potency to 

trigger severe and even deadly diseases, like dengue virus, chikungunya virus or 

West Nile virus have not yet been reported from Germany. Malaria parasites are an 

exception but are not regarded a general threat to public health anymore (KAMPEN & 

WERNER 2015). 

Aedes j. japonicus has been shown to be a competent vector of some dangerous 

pathogens in the laboratory, and this species must now be considered belonging to 

the indigenous German mosquito fauna, as it has established here at least seven 
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years ago. Further, a species that is new to a region can be a strong competitor to 

endemic species and sometimes crowd them out and replace them. In the case of 

Ae. j. japonicus where there are hints for suppression and replacement of indigenous 

species (ANDREADIS & WOLFE 2010, ROCHLIN et al. 2013), a change would take place 

from the presence of a species that was probably not vector-competent to one that 

can efficiently transmit pathogens to humans and livestock. 

The object of the present dissertation work was to understand migration patterns, 

distribution ways and putative sources of the known European Ae. j. japonicus 

populations and to unveil relationships between the various geographic populations 

of Ae. j. japonicus in Europe. Further, the distribution of Ae. j. japonicus in Germany 

was to be examined. 

Therefore, the following studies were conducted: 

I. Examination of the distribution range of Ae. j. japonicus in West Germany 

after the detection of the population in August 2012 (chapter 2.1). 

II. Population genetic analysis of the West German Ae. j. japonicus population 

(chapter 2.2). 

III. Population genetic analysis of newly detected populations of Ae. j. 

japonicus from North Germany and the Netherlands (chapter 2.3). 

IV. Examination of the distribution range of Ae. j. japonicus in southeastern 

Germany and population genetic analyses (chapter 2.4). 

V. Surveillance of the Ae. j. japonicus populations in West and North 

Germany from 2012 until 2015 (chapter 2.5). 

  



23 

 

2. RESULTS 
 
Parts of this doctoral thesis have been published in peer-reviewed journals: 

KAMPEN H, ZIELKE D, WERNER D (2012). A new focus of Aedes japonicus japonicus 

(THEOBALD, 1901) (Diptera: Culicidae) distribution in western Germany: rapid 

spread or a further introduction event? Parasites & Vectors 5: 284-290. 

I was involved in collecting and identifying the mosquitoes, analysing the data and 

writing the manuscript. 

 

ZIELKE DE, WERNER D, KAMPEN H, SCHAFFNER F, FONSECA DM (2014). Unexpected 

patterns of admixture in German populations of Aedes japonicus japonicus (Diptera: 

Culicidae) underscore the importance of human intervention. PLoS One 9: e99093. 

I was involved in collecting the mosquitoes and identifying them. I performed all 

laboratory work and was major contributor to data analysis and writing of the 

manuscript. 

 

ZIELKE DE, IBÁÑEZ-JUSTICIA A, KALAN K, MERDIC E, KAMPEN H, WERNER D (2015). 

Recently discovered Aedes japonicus japonicus (Diptera: Culicidae) populations in 

The Netherlands and northern Germany resulted from a new introduction event and a 

split from an existing population. Parasites & Vectors 8: 40. 

I was involved in collecting the mosquitoes and identifying them. I performed all 

laboratory work and was major contributor to data analysis and writing of the 

manuscript. 

 

ZIELKE DE, WERNER D, KAMPEN H (2016). Newly discovered population of Aedes 

japonicus japonicus (Diptera: Culicidae) in Upper Bavaria, Germany, and Salzburg, 

Austria, is closely related to the Austrian/Slovenian bush mosquito population. 

Parasites & Vectors 9: 163. 
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I analysed the data and was involved in writing the manuscript. 

 

KAMPEN H, ZIELKE DE, KUHLISCH C, WERNER D (2015). Occurrence and spread of 

invasive Asian bush mosquito Aedes japonicus japonicus (Diptera: Culicidae) in West 

and North Germany since detection in 2012 and 2013, respectively. PLoS One, 

submitted. 

I was involved in collecting and identifying the mosquitoes, designed the figures and 

contributed to writing the manuscript. 

 

  

Dorothee E. Zielke      PD Dr. Helge Kampen 
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3. SUMMARY 

The present work deals with the distribution and population genetics of the invasive 

Asian bush mosquito Ae. j. japonicus which has been spreading in Germany since 

2008 by human-mediated transportation and dispersal. Aedes j. japonicus is a vector 

of several arboviruses under laboratory conditions, e.g. dengue virus and 

chikungunya virus. It has also been found infected in the field with Japanese 

encephalitis virus, West Nile virus and La Crosse virus. 

Following several independent submissions of Ae. j. japonicus specimens in the 

framework of the German citizen science project “Mückenatlas”, a population was 

discovered in West Germany in 2012. The distribution area of this population was far 

more north than the assumed northern distribution limit of the species in South 

Germany. The extent of this population was defined by a short-time monitoring to an 

area of about 2,000 km2. Developmental stages of five locations in West Germany 

were subjected to population genetic studies in order to study the relatedness of 

individuals within the population and with other European populations. For this 

purpose, seven microsatellite loci were examined and compared. In addition, part of 

the mitochondrial nad4 gene region was sequenced and screened for nucleotide 

polymorphisms. The results were compared to data previously collected from Swiss, 

Austrian/Slovenian and Belgian populations. The microsatellite signature of the West 

German population was quite different from the ones of the other European 

populations. Further, nad4 haplotypes never described before from Europe were 

found. Thus, this population must be assumed to derive from an independent 

introduction event of mosquitoes from overseas. The exact origin – USA or East Asia 

– could not be identified. 

In 2013, two more populations of Ae. j. japonicus were detected in Europe: one in 

North Germany and the other in the Netherlands. The genetic makeup of individuals 

of these newly detected populations were analysed as described. Additionally, the 

genetic makeup of a broader range of individuals from Slovenia was examined, as 

well as that of individuals from Croatia and southern Germany. Results were 

compared with previous findings and showed a similar microsatellite signature and 

identical nad4 haplotypes, indicating that the North German population is a 

subpopulation of the West German one. The low population density and the 

comparably small distribution area of the North German population also suggest that 



89 

 

the split-off took place not long ago. By contrast, the Dutch population appears to 

originate from a further introduction event of mosquitoes from overseas. 

In late summer 2015, the most recent German population of Ae. j. japonicus was 

detected in Upper Bavaria and adjacent Austria. Population genetics showed this 

population to be closely related to the formerly described Austrian/Slovenian 

population while being different from all other German populations suggesting it to be 

a split-off from the Austrian/Slovenian population. 

The distribution and spread of Ae. j. japonicus in West and North Germany were 

observed from the time of detection in 2012/2013 until 2015. In this period, the West 

German population considerably increased its distribution area, while the North 

German population did not seem to expand at all. The reasons for this are seen in 

the North German population being younger than the West German one, the 

separation incident not dating back very far and the population still being in its 

founder phase. 

Passive worldwide displacement of mosquitoes will probably increase in the future 

and establishment and spread of invasive species, including the Asian bush 

mosquito and other potential vectors of disease agents, will continue to pose 

challenging problems in Europe and Germany. Monitoring the dispersal of 

populations and performing population genetic studies to find out geographic origins 

as well as migration and transportation routes will help reconstructing and preventing 

further introduction and spread and are therefore essential tools of mosquito vector 

management.  
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4. ZUSAMMENFASSUNG 

Die vorliegende Arbeit befasst sich mit der Verbreitung und Populationsgenetik der 

invasiven asiatischen Buschmücke Ae. j. japonicus, die sich seit 2008 durch 

Menschen-vermittelten Transport in Deutschland ausbreitet. Aedes j. japonicus ist 

unter Laborbedingungen Vektor für verschiedene Viren, unter anderem für das 

Dengue-Virus und das Chikungunya-Virus, und wurde im Feld mit dem Japanische 

Enzephalitis-Virus, dem West Nil-Virus und dem La Crosse-Virus infiziert gefunden.  

2012 wurde aufgrund mehrerer unabhängiger Mücken-Einsendungen im Rahmen 

des Citizen-Science-Projekts “Mückenatlas” eine Population der Asiatischen 

Buschmücke in Westdeutschland entdeckt. Das Verbreitungsgebiet dieser Population 

befand sich weit nördlich der bisher angenommenen nördlichen Verbreitungsgrenze 

der Art in Süddeutschland. Das Ausmaß der Population wurde nach einem zeitlich 

begrenzten Monitoring auf eine Fläche von ca. 2000 km2 bestimmt. Aus dieser 

Population wurden Individuen von fünf Orten populationsgenetischen Analysen 

unterzogen, um verwandtschaftliche Beziehungen innerhalb der Population und im 

Vergleich zu anderen europäischen Populationen aufzudecken. Hierzu wurden 

sieben Mikrosatelliten-Loci untersucht. Zusätzlich wurde ein Teil der mitochondrialen 

nad4-Genregion der Individuen auf Nukleotid-Polymorphismen untersucht. Die 

Ergebnisse wurden mit bereits zuvor erhobenen Daten von Populationen aus der 

Schweiz, aus Österreich/Slowenien und Belgien verglichen. Die 

Mikrosatellitensignatur der westdeutschen Population unterschied sich deutlich von 

der der anderen europäischen Populationen. Weiterhin wurden verschiedene nad4-

Haplotypen gefunden, die zuvor nirgendwo sonst in Europa aufgetreten waren. 

Demnach ist zu vermuten, dass diese Population auf eine unabhängige 

Einschleppung von Individuen aus Übersee zurückgeht. Der genaue Ursprung – USA 

oder Ostasien – konnte nicht bestimmt werden. 

2013 wurden zwei weitere Ae. j. japonicus-Populationen in Europa entdeckt: eine in 

Norddeutschland und eine weitere in den Niederlanden. Die genetischen Signaturen 

von Individuen dieser Populationen wurden wie beschrieben analysiert. Zusätzlich 

wurde das genetische Material einer größeren Menge von Individuen aus Slowenien 

sowie von Individuen aus Kroatien und Süddeutschland untersucht. Die Ergebnisse 

wurden mit denen aus der vorigen Studie verglichen und zeigten aufgrund einer 

ähnlichen Mikrosatellitensignatur und gleicher nad4-Haplotypen klar, dass die 
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norddeutsche Population eine Subpopulation der westdeutschen ist. Die geringe 

Populationsdichte und die vergleichsweise kleine Ausdehnung der norddeutschen 

Population deuten außerdem darauf hin, dass die Abspaltung nicht lange zurückliegt. 

Die niederländische Population scheint hingegen auf einer weiteren Einschleppung 

von Individuen aus Übersee zu basieren. 

Im Spätsommer 2015 wurde die bisher letzte deutsche Ae. j. japonicus-Population in 

Oberbayern und dem angrenzenden Österreich entdeckt. Populationsgenetischen 

Analysen zufolge ist diese Population eng mit der früher beschriebenen 

österreichisch-slowenischen Population verwandt und unterscheidet sich von allen 

anderen deutschen Populationen, was darauf schließen lässt, dass es sich bei ihr um 

eine Abspaltung von der österreichisch-slowenischen Population handelt. 

Die Ver- und Ausbreitung von Ae. j. japonicus in West- und Norddeutschland wurde 

vom Zeitpunkt der Entdeckung in 2012/2013 bis 2015 beobachtet. In dieser Periode 

erweiterte die westdeutsche Population ihr Verbreitungsgebiet beträchtlich, während 

die norddeutsche überhaupt nicht zu expandieren schien. Dies ist möglicherweise 

darauf zurückzuführen, dass die norddeutsche Population jünger als die 

westdeutsche ist, das Verschleppungsereignis noch nicht so weit zurückliegt und die 

Population sich noch in der Gründerphase befindet. 

Die passive weltweite Verschleppung von Stechmücken wird in der Zukunft 

vermutlich zunehmen, und die Etablierung und Ausbreitung invasiver Spezies, 

inklusive der Asiatischen Buschmücke und anderer potenzieller Überträger von 

Krankheitserregern, werden Europa und Deutschland weiterhin vor herausfordernde 

Probleme stellen. Das Monitoring der Ausbreitung von Populationen und die 

Durchführung populationsgenetischer Analysen zur Ermittlung von geographischen 

Ursprüngen sowie von Wanderungs- und Transportrouten werden helfen, weitere 

Einschleppungs- und Ausbreitungsereignisse nachzuvollziehen und zu unterbinden 

und sind daher essenzielle Instrumente des Managements von Mückenvektoren. 
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