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1 Introduction 
 

1.1 Mosquito systematics and taxonomy 

 

The two-winged flies (Diptera) can be subclassified in the Brachycera, known as “higher 

Diptera” and the Nematocera, also denominated as “lower Diptera”, which includes the 

Culicidae (Schneeberg & Beutel, 2013). The Culicidae (mosquitoes) branch into the 

Anophelinae and Culicinae. The Anophelinae contain three genera, of which only the genus 

Anopheles occurs in Germany. The Culicinae are more diverse and include a total of 113 genera, 

five of which (Aedes, Coquillettidia, Culex, Culiseta and Uranotaenia) can be found in 

Germany (Harbach, 2007). Worldwide, more than 3,500 culicid species are known (Harbach, 

2020), of which about 50 occur in Germany (see chapter 1.5).  

The Culicidae are considered monophyletic, but the relationships between their subtaxa remain 

controversial. This is in particular the case for the Aedini (Becker et al., 2010). The extensive 

revisions in the last decade, suggesting the rise of 74 subgenera to generic rank (Reinert et al., 

2004, 2006, 2008, 2009), have caused a lot of confusion among taxonomists and practitioners. 

Eventually, Wilkerson et al. (2015) reanalysed the data and decided to only preserve the generic 

rank of Aedes because of inconsistent and partly weakly supported phylogenies and missing 

phenotypic diagnoses. However, as many relationships within the Aedini remain unresolved, 

future nomenclatural revisions can be expected. In this thesis, the nomenclature of Wilkerson 

et al. (2015) will be applied.  

 

1.2 Morphology and identification 

 

Primarily, the Culicidae can be recognised in the adult stage by the presence of a long proboscis 

and their more or less slender body with long legs. They can vary in their body size from 2 to 

19 mm (Service, 2012). For distinguishing the Anophelinae from the Culicinae, the length of 

the palpi is important. Anopheline females have palpi, which are as long as the proboscis, 

whereas culicid females have much shorter palpi (Fig. 1). For the differentiation of species, 

patterns of scales and setae on the dorsal and lateral part of the thorax, the tergum, the legs and 

the wings are diagnostic, but also the general colouration and size play decisive roles. 
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Figure 1: Differences between Anophelinae and Culicinae in all life stages (top: eggs, middle: larvae and pupae, 

bottom: female adults in resting position; note the difference between the length of the palpus in comparison to 

the antenna), from: Lehane, 2005 (modified). 

 

Within the Culicidae, several species exist that cannot be told apart by morphological means in 

most developmental stages and form species complexes (sibling species). Usually, these are 

differentiated by genetic techniques specifically adapted to the respective species complex. In 

Germany, three different species complexes occur: the Anopheles maculipennis species 

complex, encompassing Anopheles atroparvus van Thiel, 1927, Anopheles maculipennis s.s. 

Meigen, 1818, Anopheles messeae Falleroni, 1926, and Anopheles daciae Linton, Nicolescu & 

Harbach, 2004; the Culex pipiens complex, which includes Cx. pipiens with its two biotypes 

pipiens Linnaeus, 1758 and molestus Forskål, 1775 as well as Culex torrentium Martini, 1925; 

and the Anopheles claviger complex, consisting of Anopheles claviger s.s. (Meigen, 1804) and 

Anopheles petragnani Del Vecchio 1939 (Becker et al., 2010). 

 

1.3 Biology and life cycle 

 

As culicids are holometabolic insects, they pass through a complete metamorphosis with only 

the imago being independent from water. Female mosquitoes lay their eggs singly (Anopheles  

and Aedes) or as egg batches (Coquillettidia, Culex, Culiseta and Uranotaenia) on the water  

surface or in moist substrates close to the water’s surface. In the latter case, eggs do not  



Introduction 

6 
 

automatically hatch after completion of the larval development but enter dormancy, which can 

either be reversible by flooding at any time (quiescence) or is irreversible and has to be 

terminated before reacting to hatching stimuli is possible (diapause, see chapter 1.8).  

After hatching, larvae pass through four instars and one pupal stage until metamorphosis to the 

adult mosquito (Becker et al., 2010). Eggs and larvae of anopheline mosquitoes can be easily 

distinguished from the culicine ones. The eggs of Anophelinae have air-filled chambers which 

allow them to float on the water surface (Fig. 1), often forming star-like structures (Lucius et 

al., 2018). The larvae lie parallel beneath the water surface because of a missing respiratory 

siphon at the rear end of their body which is present in Culicinae (Fig. 1).  

Nearly in all species the culicid females need a blood meal as they use the proteins from the 

blood for the maturation of their eggs. However, there are also mosquito species completing 

the first gonotrophic cycle without a blood meal (autogeny). Olfactory stimuli, primarily carbon 

dioxide, but also thermal and visual stimuli, are relevant for finding a suitable host (Becker et 

al., 2010).  

 

1.4 Medical importance 

Hematophagous arthropods, such as mosquitoes, may act as biological vectors of parasites and 

viruses, thereby transmitting disease agents, leading to morbidity and mortality among humans 

and animals (Mehlhorn, 2017). The most prominent infectious disease mediated by mosquitoes 

is malaria, which is caused by protozoan parasites. Human malaria is restricted to the genus 

Plasmodium. Five different species are known: Plasmodium vivax, Plasmodium ovale, 

Plasmodium malariae, Plasmodium falciparum and Plasmodium knowlesi (Mehlhorn, 2017). 

The latter is the only zoonotic parasite of this group as it mainly infects macaques but can also 

be transmitted to humans (Cox-Singh et al., 2008). Human malaria parasites are exclusively 

vectored by mosquitoes of the genus Anopheles. About 70 species of Anopheles of the over 400 

known ones are able to transmit Plasmodium parasites, and 40 of them are regarded as relevant 

vectors. In Europe, 18 different Anopheles species are considered competent vectors, 

predominantly representatives of the An. maculipennis complex. Other Anopheles species like 

Anopheles algeriensis Theobald, 1903 can also act as vectors but play a subordinate role 

(Piperaki & Daikos, 2016). Malaria is the most common and important infectious disease in 

humans and is endemic in over 100 countries, predominantly in tropical regions of Africa, Asia 

and Latin America (Reisen, 2009). In 2018, over 200 million cases, over 400,000 deaths and  
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circa 3.3 billion people living at risk were reported. The vast majority of the cases and deaths 

are attributed to infections with P. falciparum in African countries (WHO, 2018). 

Historically, malaria did not only occur in tropical and subtropical but also in temperate regions 

of the world. Until the beginning of the 19th century, endemic malaria occurred in large parts of 

Europe, including Great Britain, Sweden and Finland (Bruce-Chwatt, 1988). Three species of 

malaria parasites circulated in Europe: P. falciparum, P. malariae and P. vivax. High incidences 

of malaria usually occurred in coastal and riverine areas. In Germany, the Upper Rhine Valley 

and the Danube Valley but also areas in Bavaria and Baden-Württemberg and the coastal 

regions along the North and Baltic Seas were affected (Wernsdorfer, 2002). Until the middle of 

the last century, malaria incidences receded due to vector control programmes, the increased 

availability of medication against malaria and the separation of human housing and livestock 

shelters which led to the deviation of preferentially zoophilic vectors from humans to animals 

(Bruce-Chwatt, 1988; Maier, 2004). With the exception of Turkey, Europe was declared 

malaria-free by the World Health Organisation in 1975 (WHO, 2016). However, cases of 

occasional autochthonous malaria have since been reported from several European countries, 

such as Spain, Germany and the United Kingdom (Krüger et al., 2001; Peralta et al., 2010; 

ECDC, 2017). 

Mosquitoes are also known to transmit over 200 different arboviruses. These are viruses 

needing an arthropod vector for their replication and transmission to a vertebrate host. The 

majority of the known arboviruses belong to three virus families: Togaviridae, Flaviviridae and 

Bunyaviridae (Hubálek, 2008). With a few exceptions, mosquito-borne viruses were formerly 

restricted to the tropics and did not occur in Europe. However, with increasing globalisation, 

both in terms of travel and trade, and the ameliorating climatic suitability of European regions 

to competent vectors due to climate change, these viruses have found their way to Europe, with 

the infections they cause gaining attention as so-called “emerging diseases” (Gould & Higgs, 

2009; Randolph & Rogers, 2010). These are diseases which are novel in a certain population 

or experience a sudden increase in incidence and/or a geographical shift or expansion (Morse, 

1995). 

The composition of local mosquito populations has tremendously changed during the last 

decades as non-indigenous mosquitoes like Aedes koreicus (Edwards 1917), Aedes japonicas 

(Theobald 1901), and Aedes albopictus (Skuse 1895) but also other Aedes species were 

introduced and even have established populations in Europe (see chapter 1.6). Many invasive 

species are competent vectors of a variety of vector-borne disease agents and thus pose a serious  
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threat to public and animal health. Outbreaks of emerging diseases like chikungunya, dengue, 

Zika or West Nile fever have demonstrated that the theoretical risk has become a realistic 

scenario (Rezza et al., 2007; Gjenero-Margan et al., 2011; Merdić et al., 2013).  

An example for an arbovirus showing a recent northward spread is the West Nile virus (WNV) 

causing West Nile fever (WNF). WNV is considered a re-emerging zoonotic arbovirus which 

has birds as its amplifying hosts. Predominant vectors are various Culex species, among them 

the widespread members of the Cx. pipiens complex, but several Aedes species can also transmit 

the virus (Higgs et al., 2004; Medlock et al., 2005; Service, 2012). Several additional species 

like Uranotaenia unguiculata Edwards, 1913 were found infected in the field, but their vector 

status is unknown (Zeller & Schuffenecker, 2004; Engler et al., 2013; Camp et al., 2018). In 

Europe, WNV has been circulating since the 1960s (Zeller & Schuffenecker, 2004). In summer 

2018, many countries in Europe, especially in the southeast, reported a huge increase in cases 

of WNF in both animals and humans, and the first cases in Germany were reported in wild and 

captive birds as well as in horses (ECDC, 2018; Ziegler et al., 2019). Demonstrations of 

infections in several bird species and horses in northern and eastern Germany in 2019 strongly 

suggest local overwintering of the virus. Furthermore, the number of cases was much higher in 

2019 than in 2018, leading to the first epidemic of WNF in Germany, accompanied by the first 

human cases (Wilking et al., 2019; Ziegler et al., 2020). The positive findings in mosquitoes 

collected in Berlin also account for a much higher circulation of the West Nile virus in Germany 

than in 2018 (Kampen et al., 2020). Recently, several cases of WNF were reported in horses in 

Germany and also 13 human cases occurred (ECDC, 2020). 

Before the arrival of WNV, four different arboviruses had been documented to circulate in 

Germany: Ťahyňa, Sindbis, Batai and Usutu virus. All of them are able to infect humans and 

were detected in mosquitoes in Germany (Spieckermann & Ackermann, 1972; Jöst et al., 2010, 

2011a, b; Scheuch et al., 2018). Ťahyňa, Sindbis and Batai viruses usually cause mild flu-like 

symptoms in humans (Hubálek, 2008), whereas Usutu virus rarely infects humans. Symptoms 

of an infection with the Usutu virus were described as rash or fever but also severe neurological 

infections are possible as reported for two patients representing the first human cases in Europe 

(Pecorari et al., 2009; Ashraf et al., 2015). Both patients were immunocomprised but there are 

also reports about infections in patients without pre-existing conditions (Pecorari et al., 2009; 

Simonin et al., 2018). Apart from the few reported cases in 

humans the Usutu virus plays a predominant role as an epizootic virus in wild bird populations 

(Becker et al., 2012; Ashraf et al., 2015; Cadar et al., 2017; Lühken et al., 2017). 
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Mosquitoes cannot only transmit protozoa and arboviruses but also filarioid worms. In 

Europe, two filarioid species pose a risk to humans and domestic animals: Dirofilaria repens 

Railliet and Henry, 1911 (dog skinworm) and Dirofilaria immitis Leidy, 1856 (dog heartworm). 

Both Dirofilaria species can infect canines, rarely felines and humans, and the associated 

diseases are considered emerging diseases because of their recent considerable spread towards 

northern European regions, like Germany, due to climate change and the trade with infected 

dogs (Genchi et al., 2009). 

 

1.5 Importance of mosquito monitoring 

 

After the eradication of malaria in Germany by the mid-20th century, research on mosquitoes 

had been neglected for many decades. Comprehensive works dealing with the diversity and 

ecology of the indigenous culicid fauna date back to the late 1960s or early 1970s (Mohrig, 

1969; Peus, 1972). However, the ongoing process of global warming and the increase in 

globalisation, which have led to changes in distribution areas and the introduction of non-native 

species into Germany (see chapter 1.6), urgently required a revision of knowledge about the 

occurrence and phenology of species. The importance of up-to-date data could be demonstrated 

during the bluetongue outbreak in 2006 for the Ceratopogonidae, commonly known as biting 

midges. These rather small nematocerans are competent vectors of many viruses, amongst them 

the viruses causative for bluetongue disease and Schmallenberg disease (Mehlhorn, 2012). Both 

viral diseases affect ruminants, and especially the bluetongue virus has caused considerable 

economic loss due to morbidity, mortality, massive cullings and trade restrictions (Hateley, 

2009). In the course of the epidemics, it was found out that not invasive but native biting midge 

species acted as vectors of the viruses (Mehlhorn et al., 2007; Rasmussen et al., 2012). 

However, as research on this dipteran group had also been neglected for a long time, the 

identification and management of the vectors of these disease agents needed time and cost 

further losses in livestock.  

For more than two decades the compilation prepared by Dahl et al. (1999) have been used when 

referring to the species inventory of Germany. Recently, an updated inventory of culicid species 

could confirm the existence of 44 of the 46 species listed by Dahl et al. (1999). However, the 

detection of Cs. subochrea stays ambiguous but an existence still in present can be assumed 

(Werner et al., 2020). Five further species have been introduced to and established in Germany: 

An. petragnani, Culiseta longiareolata (Macquart, 1838), Ae. japonicus, Ae. albopictus and, 
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quite recently, Ae. koreicus (Werner et al., 2020). Furthermore, the member of the An. 

maculipennis complex identified last, An. daciae, was also be found in Germany (Kronefeld et 

al., 2012). Mosquitoes were collected passively by the citizen science project “Mückenatlas” 

(Kampen et al., 2015) and actively for instance through dipping, netting but also trapping in the 

course of two monitoring projects (Werner et al., 2020).  

The first monitoring programme covering the whole of Germany was conducted by the 

Friedrich-Loeffler-Institut (FLI) and the Leibniz-Centre for Agricultural Landscape Research 

(ZALF) in 2011-2014. Within its framework, mosquitoes were monitored by trapping to 

establish the status quo of the German mosquito fauna. During the monitoring activities, the 

majority of the culicid species documented for Germany were detected, among them also rare 

species like Culiseta alaskaensis (Ludlow, 1906) and Culiseta glaphyroptera (Schiner, 1864). 

Furthermore, the invasive species Cs. longiareolata, which could be recently detected in 

Germany for the first time, could also be found during this monitoring programme (Kampen et 

al., 2013). 

In 2015, the successor of the first programme started within a cooperation network of different 

institutions distributed over the whole of Germany. The FLI was responsible for the 

northeastern part of Germany. During that monitoring project, it was possible to detect nearly 

all species sampled in the previous project in the same area. Furthermore, mosquito species that 

had not been detected in Germany for decades  were also encountered (see chapters 3.1 and 

3.2), and the existence of rare species only recently re-discovered, like Aedes refiki (Medschid, 

1928) and Culiseta ochroptera (Peus, 1935) was confirmed (own data) (Kuhlisch et al., 2017; 

Kuhlisch et al., 2019). Both monitoring projects have led to a considerable growth in knowledge 

regarding the occurrence and distribution of mosquito species in Germany. 

 

1.6 Invasive mosquitoes 

 

One of the many definitions describes an invasive species as a non-indigenous species 

spreading after its introduction and having an impact on the environment in terms of interactions 

with other species and ecosystems but also on humans, agriculture, conservation and public 

health (Juliano & Lounibos, 2005). In the last decades, especially species of the genus Aedes 

have spread in Europe, among them Aedes aegypti (Linnaeus 1762), Aedes atropalpus 

(Coquillett 1902), Ae. koreicus, Ae. japonicus and Ae. albopictus. Whereas the first two species  
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mentioned do not play a role in Germany, Ae. japonicus, Ae. albopictus and, most recently, Ae. 

koreicus have not only been introduced but also established in Germany. 

 

Figure 2: Overview about the vector status of invasive mosquito species of the genus Aedes (from: Medlock et 

al., 2012). 

 

Aedes koreicus was first found in Germany in 2015 (Werner et al., 2016). Thus, after several 

detections in the years 2016-2018, it is assumed to be established in Germany (Pfitzner et al., 

2018; Steinbrink et al., 2019). This invasive species is a competent vector of arboviruses, like 

chikungunya virus, and of dirofilariae (Fig. 2) (Ciocchetta et al., 2018; Montarsi et al., 2015). 

Aedes koreicus has a high potential of further spreading as demonstrated by the recent dispersal 

in other European countries (Kampen et al., 2017). 

The Asian bush mosquito, Ae. japonicus, is closely related to Ae. koreicus but is much more 

widely distributed in Germany. Aedes japonicus was first found in 2008 (Schaffner et al., 2009). 

Further findings in southwestern, western and northern Germany documented further 

introductions and spread (Schneider, 2011; Huber et al., 2012; Kampen et al., 2012; Werner et 

al., 2012; Werner & Kampen, 2013; Zielke et al., 2016). At present, there are two populations  
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in Germany (Koban et al., 2019). The first belongs to the largest European population spanning  

over southwestern Germany, Liechtenstein, parts of France, Switzerland and Austria and is the 

result of the fusion of expanding separate populations. The second occurs in northern Germany 

and has not shown a tendency of expansion since its initial detection (Kampen et al., 2016). In 

the future, it is expected that the two German populations will merge (Koban et al., 2019). Aedes 

japonicus is a vector of numerous arboviruses, among them the emerging chikungunya, dengue 

and West Nile viruses (Fig. 2) (Sardelis & Turell, 2001; Schaffner et al., 2011). In contrast to 

Ae. aegypti and Ae. albopictus, Ae. japonicus is no thermophilic species but tolerant towards 

low temperatures which would allow a distribution northwards. Models referring to climatic 

conditions agreed with such a further northward spread (Früh et al., 2018). 

 

Of all invasive mosquito species mentioned, the Asian tiger mosquito Ae. albopictus shows the 

widest expansion throughout Europe. This species originates from temperate and tropical 

regions in southeastern Asia and the Pacific (Nawrocki & Hawley, 1987) and has spread to 

North and South America, Africa, Australia and Europe as well as numerous islands in the 

Pacific and Indian Ocean within a few decades (Paupy et al., 2009). The displacement of eggs 

and larvae via used tyres and ornamental plants of the genus Dracaena have played a major 

role in the possible introduction route of this species (Madon et al., 2002; Hofhuis et al., 2009). 

In Europe, Ae. albopictus was initially introduced into Albania in 1979, but did not spread 

further (Adhami & Murati, 1987). Instead, another introduction into the north of Italy in 1990 

paved the way for the further spread in Europe (Sabatini et al., 1990; Scholte & Schaffner, 

2007). Presently, Ae. albopictus is distributed in 28 European countries with established 

populations in 20 of them including Germany (Robert et al., 2019). Although it is a thermophilic 

mosquito, its presence and spread in temperate areas has demonstrated that it is capable of 

reproducing and overwintering in these regions (see chapter 1.8). After its initial finding in 

Germany in 2008, Ae. albopictus has managed to spread to several regions, especially in the 

southern and western parts of Germany (Walther et al., 2017). The northernmost population 

occurs in Jena in Central Germany, where the first larvae were found in 2015, probably 

introduced via exotic plants into a garden centre. The special geographic location in a valley is 

supposed to provide climatically suitable conditions for Ae. albopictus (Kuhlisch et al., 2018a). 

Nowadays, Ae. albopictus is considered established in Germany (Becker et al., 2017; Walther 

et al., 2017), and a much wider spread into southern and western areas is projected (Kraemer et 

al., 2015; Thomas et al., 2018). This mosquito species is a competent vector of plenty of 

arboviruses and filarial worms (Fig. 2) and was responsible for repeated outbreaks of emerging  
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diseases like chikungunya or dengue in several South European countries (Rezza et al., 2007; 

Gjenero-Margan et al., 2011; Delisle et al., 2015; Succo et al., 2016; Calba et al., 2017; Venturi 

et al., 2017). Furthermore, laboratory infections (Di Luca et al., 2016; Heitmann et al., 2017) 

and field infections with the Zika virus demonstrated the comprehensive vector competence of 

this species (Grard et al., 2014). With regard to the first autochthonous case of Zika in France, 

another formerly tropical disease has recently managed the leap to Europe and it is most likely 

that a local Ae. albopictus population played a major role in the transmission of the virus (Giron 

et al., 2019).  

Aedes albopictus and other invasive species are container breeders. They are able to use minute 

collections of water for oviposition and preimaginal development and a huge variety of natural 

and artificial containers (Paupy et al., 2009; Medlock et al., 2015). There are also clues 

suggesting a displacement of native species when occurring concurrently or emerging earlier 

than other species (Alto, 2011; Hardstone & Andreadis, 2012; Damiens et al., 2014; Kampen 

& Werner, 2014; Kaufman & Fonseca, 2014).  

 

1.7 Thermophilic mosquitoes 

 

Like all insects, Culicidae are poikilothermic, i.e. highly dependent on the ambient temperature. 

This is not only the case for the adults, in terms of seasonal activity, biting frequency, fecundity 

and survival, but also for larval hatching from eggs and the development of preimaginal stages. 

This development is prolonged with decreasing water temperature in breeding habitats and 

cannot be accomplished when reaching critical thermal limits. These critical temperature limits 

and developmental time frames are species-specific (Becker et al., 2010). Therefore, 

temperature plays a crucial role when modelling the potential geographic or spatial occurrence 

of a species based on the suitability of certain habitats. 

Roughly, three types of temperature tolerance can be differentiated: species with a low, a 

median and a high tolerance against high temperatures. The latter group is called thermophilic 

mosquitoes and can be found in subtropical and tropical regions. However, there are different 

graduations in temperature tolerance. For instance, Ae. aegypti has a higher tolerance against  

high temperatures than Ae. albopictus (Kamimura et al., 2002). 

In Germany, seven mosquito species, all of which are relatively rare, are considered 

thermophilic: An. algeriensis, Culex hortensis Ficalbi, 1889, Culex martinii Medschid, 1930, 
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Ur. unguiculata, Cs. longiareolata, An. petragnani and Ae. albopictus. The three species 

mentioned first have been known to occur in Germany for a long time (Mohrig, 1969) and  

were confirmed to be still present during the monitoring activities in 2015-2017 (own data, see 

chapters 3.1 and 3.2) (Kuhlisch et al., 2018b; Werner et al., 2020). By contrast, the other three 

species have become members of the German mosquito fauna only in the last and present 

decade after introduction and establishment (Pluskota et al., 2008; Becker & Hoffmann, 2011; 

Becker et al., 2016; Kampen et al., 2017). Furthermore, Aedes berlandi (Seguy 1921) and Aedes 

pulcritarsis (Rondani 1872), which are not indigenous in Germany, were also detected in 

Germany, although these findings were restricted to a single individual each (Kampen et al., 

2017).  

 

1.8 Hibernation 

 

Just as in the case of high temperatures, mosquitoes have to be able to withstand low 

temperatures to overwinter. Hibernation or overwintering is defined as the endurance of 

unfavoured low temperature conditions (usually in a certain dormant state) which allows the 

survival and breeding after conditions have improved. Often, hibernation is associated with a 

retreat to hibernacula, sheltered and usually frost-free overwintering sites, or the elevation of 

cold-hardiness (Lee, 2009). 

One possibility of increasing cold-hardiness is diapausing. Together with quiescence, this is a 

form of dormancy in which the metabolic activity is decreased for surviving either hot 

conditions, e.g. certain seasons in tropical regions (aestivation), or cold conditions 

(hibernation). Both processes are initiated by environmental factors and aim to increase 

survival. However, unlike quiescence, which can be initiated at any time and stage, diapause is 

a dormant stage-specific state. It is initiated a long time before unfavourable conditions affect 

the population and is triggered by the exposure of sensitive stages to certain environmental cues 

like photoperiod and temperature (Tauber et al., 1986; Denlinger, 2009). In mosquitoes, 

hibernation through diapausing occurs at different species-specific stages, but also depends on 

latitude. In temperate areas, species like Cx. pipiens or Cs. alaskaensis hibernate as adults, 

whereas others, like Anopheles plumbeus Stephens, 1828 or Coquillettidia richiardii (Ficalbi, 

1889), overwinter in the larval stage. Furthermore, there are species, like Culiseta morsitans 

(Theobald, 1901), which are able to overwinter in different stages (Becker et al., 2010). 
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Although pupal stages are quite common overwintering stages in othe Diptera, they do not 

contribute to hibernation in the Culicidae (Denlinger & Armbruster, 2014).  

Within the genus Aedes, the hibernation via egg stage predominates (Becker et al., 2010). One 

well-known representative of species overwintering in the egg stage is Ae. albopictus, which  

earns much attention because of its vector status and invasion biology (see chapters 1.4 and 

1.6). This mosquito species is able to produce drought-resistant diapausing eggs which can 

tolerate much lower temperatures than larvae or adults (Hawley et al., 1989; Sota & Mogi, 

1992). The ability to produce diapausing eggs enables the spread and establishment in a variety 

of suitable habitats in subtropical and temperate areas. By contrast, Ae. aegypti, cannot produce 

diapausing eggs and therefore is restricted to subtropical and tropical regions. It is assumed that 

the ability to diapause was decisive for Ae. albopictus in spreading to temperate areas of North 

America and Europe (Medlock et al., 2015). 

A short photoperiod and temperatures around 21 °C trigger diapause in Ae. albopictus 

(Pumpuni et al., 1992). Diapause is maternally induced, and the sensitive stages are the 4 th larval 

instar and the pupa of the previous generation. Once diapause is initiated, it can only be 

terminated after a certain time period, linked with an extension of photoperiod and a rise of 

temperature (Vinogradova, 2007). After termination, eggs enter quiescence and then are 

sensitive to hatching stimuli (Lacour et al., 2015). 

There are different functions of mosquito diapause in nature. First, diapause decreases larval 

mortality by preventing accidental hatching after rainfall in late autumn and subsequent dying 

in winter (Mori et al., 1981). Second, when favourable conditions are met at the beginning of 

spring, there is a certain stock of eggs ready to hatch that allows a nearly contemporaneous 

hatching and the fast build-up of a population. This can affect not only population dynamics 

itself, but also invasion biology and the circulation of pathogens (Nasci et al., 2001; Reisen, 

2013; Denlinger & Armbruster, 2014).
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2 Objectives 
 

The first part of the thesis is about the detections of Ur. unguiculata and An. algeriensis in the 

course of a monitoring project conducted in northeastern Germany. Both species were known 

to occur in Germany but were only rarely documented. Therefore, each of these species was 

considered in this thesis (see chapters 3.1 and 3.2).  

The second part of the thesis deals with one mosquito species only: Ae. albopictus. Field as 

well as laboratory studies in Asia, North America and Europe have demonstrated that this 

species exhibits a remarkable ecological plasticity as tolerance against low temperatures is 

highly adaptive throughout strains from different geographic regions (Hanson & Craig, 1994, 

1995a; Mogi, 2011; Thomas et al., 2012). Furthermore, successful overwintering could be 

shown for a natural population in southern Germany (Pluskota et al., 2016; Walther et al., 2017). 

Hence, the ability of different strains of Ae. albopictus to withstand wintry temperatures in 

northern Germany should be examined in the field (see chapter 3.3). Laboratory experiments 

analysing temperature thresholds for hatching in different strains exposed to low temperatures 

for a maximum of 24 hours (Thomas et al., 2012) were used to supplement the data. The 

laboratory study contributing to this thesis elucidates survival capabilities for exposure times 

much longer than a day and also includes experiments with fluctuating temperatures (see 

chapter 3.4). Consequently, both the field and laboratory studies contribute to a better 

understanding of low temperature tolerance of Ae. albopictus, in general. The findings are also 

especially relevant for Germany as this country faced an imminent establishment of Ae. 

albopictus at the beginning of the experiments.  

The objective of this thesis was to gain further knowledge about the distribution, phenology 

and ecology of mosquitoes with emphasis on thermophilic species. Therefore, the following 

studies were conducted: 

(I) Monitoring survey of the occurrence of Ur. unguiculata in northeastern Germany 

(chapter 3.1) 

(II) Monitoring survey of the occurrence and phenology of An. algeriensis in 

northeastern Germany (chapter 3.2) 

(III) Examination of low temperature tolerance of Ae. albopictus in field experiments 

(chapter 3.3) 

(IV) Examination of low temperature tolerance of Ae. albopictus in laboratory experi-

ments (chapter 3.4)
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5 General discussion 

 

5.1 Detection of Uranotaenia unguiculata and Anopheles algeriensis 

 

The two caught Ur. unguiculata females are the first findings of the species in northeastern 

Germany. Furthermore, the sampling site in Saxony-Anhalt represents the most northern 

location in Germany as well as in Europe as a whole (Ramsdale & Snow, 2001; Filatov, 2017). 

However, as this evidence only comprised one individual per monitoring site in each case, it 

could be argued that these detections were a result of accidental displacement; i.e. cannot be 

considered a proof of a locally reproducing population. Two arguments disprove this 

assumption.  

First, Ur. unguiculata is a species which is not known to be susceptible to an accidental 

displacement neither of the adults nor their preimaginal states, such as eggs or larvae. This can 

be better clarified in comparison to a species which is well known for been accidentally 

displaced over long distances: Ae. albopictus. One possible route of its introduction is the 

motorway as adult mosquitoes tend to enter cars by mistake at stop-overs at motorway service 

stations (Eritja et al., 2017). This possibility can be almost certainly excluded for the two 

mentioned sample sites because both locations are far away from any motorway. Two other 

proven ways of dispersal of Ae. albopictus are the displacement of eggs via shipping of used 

tires and of larvae as well as pupae via the trade with ornamental plants like the lucky bamboo 

(Reiter, 1998; Hofhuis et al., 2009). In contrast to Ae. albopictus, the ecology of preimaginal 

states of Ur. unguiculata strongly contradicts these possibilities. Uranotaenia unguiculata 

produce non-dormant eggs (Becker et al., 2010), i.e. which hatch soon after embryonic 

development is completed, and larvae are not known to be associated to those plant species 

involved in international trade. Consequently, both the ecology of the adults and the 

preimaginal states makes an accidental displacement very unlikely.  

Second, the confirmation of one sampling site showing reproduction in the subsequent year 

suggests that the female caught at this site was one of several or many of an established 

population. It is rather probable that the population also existed in the previous year and 

hibernated. It may also be assumed that a locally reproducing population also exists at the 

location in Brandenburg because that one provides more suitable local climatic conditions than  
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the site in Saxony-Anhalt. However, it remains unclear how the species managed to  overcome 

such great distances from the only previously known detection site in the Upper Rhine Valley 

(Becker & Kaiser, 1995). No reports exist about occurrences of this species at locations between 

that site and the new ones before 2016. Still, it is rather likely that the species is present in other 

parts of Germany between the sample site in the Upper Rhine Valley and the new ones because 

many regions in between provide more suitable climatic conditions than the two in the 

northeastern part of Germany. The assumption of firm establishment of Ur. unguiculata in 

northeastern Germany is further supported by findings of adults at the very same place in 

Thuringia, Central Germany, in 2017 and 2018 (Kuhlisch, pers. communication).  

There are two factors possibly preventing the detection of further specimens and sampling sites, 

respectively. First, the collections made in the framework of this thesis and from Thuringia 

comprised only two individuals each. This would indicate a generally small population size and 

a rather low abundance of Ur. unguiculata in more northern situated European regions as 

supported by only one single larva found in southern Germany in 1994 by Becker & Kaiser 

(1995). In order to detect more individuals, the sampling effort may have to be increased, 

especially in late summer and early autumn as these are the months when Ur. unguiculata 

populations peak (Becker et al., 2010; Rudolf et al., 2015). Second, not finding the species at 

other sampling sites could not only be due to insufficient sampling effort but also to the 

sampling method. Like every method for collecting mosquitoes, the BG sentinel trap (Biogents, 

Germany) used in this study has its advantages and drawbacks. On the one hand, the trap can 

be operated easily, even by non-professional instructed users, as no dry ice as for other CO2-

baited mosquito traps is needed and the sample effort is rather low in comparison to netting or 

dipping. The person in charge only has to switch on the ventilator and to open the carbon 

dioxide supply. The BG sentinel trap can catch a variety of different mosquito species. A field 

study conducted by Lühken et al. (2014) demonstrated that the number of different species that 

can be found in BG sentinel traps throughout the trapping season surmount the ones collected 

by other traps. This is supported by the outcome of the monitoring project 2015-2017 in 

northeastern Germany, which reached the number of 30 species and two species groups, a result 

coming close to the number of species expected in the sampled area. On the other hand, 

mosquito collections using BG sentinel traps lead to a biased catch in that Cx. pipiens complex 

specimens are overrepresented (Lühken et al., 2014), which could be confirmed, for instance, 

by the observations made during monitoring activities in eastern Germany in 2015 (Tippelt et 

al., 2018). Hence, there are certain species which are underrepresented because they are not  
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caught or in only small proportions. It might be possible that Ur. unguiculata belong to these  

species with a low catchability by using BG sentinel traps. Therefore, other collection methods 

have to be considered for getting a better estimate of the existent population of this species, like 

dipping for larvae and pupae or netting and other trapping methods for catching adult 

specimens. For instance, observations showed that Ur. unguiculata can be caught with the 

application of black or fluorescent light alone or even with sound traps using frog calls (Camp 

et al., 2018). Altogether, this leads to the conclusion that the trapping method applied in the 

monitoring programme is appropriate for determining a high species diversity, but not 

necessarily for the detection of Ur. unguiculata. Nevertheless, the latest evidence in Thuringia 

indicates that there are further suitable habitats for this species in Germany. Model predictions 

showed that there is a high suitability for an occurrence along the Upper Rhine valley as well 

as in a small area in the eastern part of Germany, near the border to Poland (Filatov, 2017). 

Interestingly, neither the two described sampling sites from this thesis nor the third in Thuringia 

are located in the projected suitable areas.  

 

With regard to An. algeriensis, the case is rather different. First, the presence at two sampling 

sites in northeastern Germany is not an evidence for a northward shift as this species had been 

detected in that region in the past (Weyer, 1939; Baer, 1960). Second, the number of caught 

individuals was much higher than for Ur. unguiculata and even exceeded 200 specimens at one 

location, leading to the predominant species at this sampling site. This demonstrates that this 

rarely encountered species is able to achieve quite high abundances, as particularly shown for 

the location in Wustrow. The findings of An. algeriensis at three sampling sites represent the 

first detection of adults after nearly half a century. Interestingly, most of the historical sampling 

sites were located in the eastern part of Germany. However, it is not clear if the distribution of 

the positive sampling sites resembles an actual concentration of An. algeriensis in eastern 

Germany or if this circumstance has to be attributed to a more precise monitoring of that region.  

Despite tremendous sampling efforts throughout the vegetative season of the subsequent year, 

it was not possible to detect the breeding habitats of An. algeriensis, although the abundances 

at two of the three sampling sites do not allow any other conclusion than the existence of a 

locally reproducing population. The monitoring of the site in Wustrow showed that the high 

population densities present in 2015 were reconfirmed two years later, even though with a 

smaller proportion in relation to the other caught mosquito species than in 2015. Thus, it is 

highly probable that An. algeriensis was also present in 2016. The findings clearly point out the  
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persistence and dominance of An. algeriensis in a number of samples, although two vegetative 

seasons are not representative for the assessment of a population. Consequently, long-term 

monitoring should be carried out, the more so as the sampling site in Wustrow could be 

identified as a rather suitable habitat for one of the rarest central European mosquito species, 

according to Scholte et al. (2011). Further examinations will show if this species will hold its 

status or if there are other hotspots elsewhere in or outside of Germany. 

 

Both the detections of Ur. unguiculata and of An. algeriensis are highly valuable for the 

mosquito monitoring scheme as they are evidence for these species to continue existing in 

Germany. Interestingly, there was one sampling site inhabited by both An. algeriensis and Ur. 

unguiculata, which might be worth further monitoring efforts. Finally, these findings 

demonstrate that thermophilic mosquito species tend to spread in Germany or reach higher 

abundances than expected. This is further supported by the detection of Cs. longiareolata and 

An. petragnani, other thermophilic mosquito species recently established in Germany (Becker 

& Hoffmann, 2011; Becker et al., 2016; Kampen et al., 2017). 

 

5.2 Temperature experiments with Aedes albopictus 

 

Crucial for the establishment of thermophilic species in Germany are not only suitable 

temperatures in summer but also the ability of the mosquitoes to cope with winter temperatures. 

The field experiments demonstrate that every Ae. albopictus strain tested survived at least one 

winter season in the field. All strains were capable of withstanding wintry conditions with a 

minimum temperature of –8 °C. The tropical strain was able to withstand the winter 2016/2017, 

but not the winter 2015/2016. It has to remain unanswered whether this failure is predominantly 

attributed to a generally lower cold tolerance, or if it is the result of an incomplete cold 

acclimation. The subtropical strain was the only strain which was able to overwinter 2015/2016 

and 2016/2017. By contrast, the temperate strain was analysed only in the winter 2016/2017 

and survived.  

The laboratory experiments confirmed the findings from the field and added further evidence 

for the physiological limits in terms of minimum temperature and maximum exposure time. 

The treatments exposed to –10 °C were particularly appropriate for distinguishing the different 

strains according to their tolerance against low temperatures with the lowest tolerance in the  
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tropical and the highest tolerance in the temperate strain. These findings verified the 

extraordinary ecological plasticity of Ae. albopictus as described by other experimenters 

(Hanson & Craig, 1994, 1995b; Mogi, 2011; Thomas et al., 2012). Furthermore, the 

experiments could demonstrate that diapausing eggs had only an advantage at physiological 

limits and that fluctuating temperatures could enhance low temperature tolerance. Both 

outcomes are especially relevant for temperate areas as those regions are characterised by 

seasonal changes in photoperiod and diurnal temperatures. 

Altogether, the field and especially the laboratory studies conducted in this thesis demonstrate 

that the tolerance of Ae. albopictus against low temperatures is well developed with respect to 

both the absolute minimum temperature and the exposure periods at that temperature some 

strains could endure. That makes it rather unlikely that this invasive mosquito species will 

disappear again due to unsuitable conditions once introduced. The temperature studies also 

suggest a high potential for Ae. albopictus to become established in further areas in Germany. 

Although there have been no autochthonous cases of chikungunya, dengue or Zika in Germany 

so far, the circulation of the viruses proven by several disease cases and outbreaks in European 

countries in the past (e.g. Gjenero-Margan et al., 2011; Venturi et al., 2017; Giron et al., 2019), 

the existence of established competent vectors together with the implications of global change 

will increase the risk of their emergence and circulation in Germany, as predicted for 

chikungunya and dengue (Thomas et al., 2018).  

 

5.3 Synthesis and outlook 

 

The results of the four studies contributing to this thesis demonstrate that thermophilic species 

tend to spread in Germany and that they are able to overwinter, facilitating the development of 

stable populations in the following year. The ongoing process of global warming as well as the 

increase in globalisation, including mass transport of animals and humans, has an influence on 

the presence and distribution of species and can lead to a shift of distribution areas and the 

introduction of non-native species (Tatem et al., 2006; Gould & Higgs, 2009; Tatem et al., 

2012). Invasive species like Ae. japonicus and Ae. albopictus, which are already established in 

Germany, probably will continue to spread in Germany.  

Together with invasive species, viruses and other mosquito-borne pathogens can be introduced 

and gain a foothold in Europe, resulting in regular outbreaks of mosquito-borne diseases when  
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suitable conditions are met. The progressive dispersal of mosquito-borne diseases since the 

beginning of this century and their trend for spreading northwards is expected to continue. 

Especially the arrival and putative overwintering of West Nile virus in Germany have proved 

that conditions in Germany are becoming more and more suitable for the replication and 

circulation of mosquito-borne viruses in their vectors. 

Climate change will not only affect the biology of the mosquito itself and its distribution but 

also the replication of pathogens, which can result in the occurrence and spread of mosquito-

borne diseases in hitherto unaffected regions (Reiter, 2008; Weaver & Reisen, 2010; Sassnau 

et al., 2014; Thomas et al., 2018). This development is not only restricted to mosquitoes and 

mosquito-borne diseases but can be transferred to other arthropod vectors, like biting midges 

or ticks, and the disease agents they transmit (Gould & Higgs, 2009; Dantas-Torres et al., 2012). 

However, it has to be taken into account that the presence of a competent vector alone does not 

inevitably lead to the outbreak of an infectious disease (Randolph & Rogers, 2010) but adds a 

further prerequisite necessary for the transmission and circulation of a pathogen.  

The monitoring of mosquitoes plays an important role in the surveillance of mosquito-borne 

diseases. First, monitoring programmes provide data about the inventory and the phenology of 

the existing species and thus enable the identification of competent vectors in the case of a 

disease outbreak. Second, the introduction of non-indigenous species, which pose a threat for 

human and animal health, can be detected at an early point in time, facilitating control measures 

before these species have reached high population densities. And third, the detection of 

associated pathogens in the mosquitoes prior to the first animal or human cases can serve as an 

early warning system projecting an imminent possible threat to susceptible vertebrate hosts near 

future, as shown with the mass dying event caused by the Usutu virus which had been predicted 

after findings of the virus in mosquitoes one year before (Jöst et al., 2011a; Becker et al., 2012). 

In this regard, the continued monitoring of mosquitoes and their associated pathogens poses a 

crucial tool for surveillance and facilitates a quick and adequate assessment of, and response 

to, novel vectors and health risks for animals and humans. This should be linked to raising 

awareness for these risks and for the role of haematophagous arthropods as vectors, both in the 

responsible health authorities and the public. Mosquitoes are no longer only a nuisance for 

animals and humans in Germany but can also be vectors of the agents of serious infectious 

diseases.
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6 Summary 

 

Culicidae or mosquitoes are medically important dipterans which can mediate a variety of 

infectious diseases in animals and humans. This thesis deals with the distribution of two rare 

mosquito species caught in the framework of a monitoring project in northeastern Germany and 

the ecology of the Asian tiger mosquito. These species are examples for thermophilic mosquito 

species which are assumed to be favoured by climate change and thus are spreading northwards. 

This could especially be shown for Uranotaenia unguiculata, which was found at two locations 

far away from its only known detection site. Although only one adult was caught at each 

location, larval evidence in the subsequent year account for an established population rather 

than the introduction of single individuals. Another rare mosquito species found is Anopheles 

algeriensis. This species was detected at three different sampling sites, and reached at two of 

them a much higher abundance than Ur. unguiculata.  

The ecological part of this thesis includes field and laboratory experiments for studying the low 

temperature tolerance of eggs of the Asian tiger mosquito, Aedes albopictus, a competent vector 

of numerous viruses and other pathogens. Three different strains from a tropical, subtropical 

and temperate origin were exposed to low winter temperatures, both in the field and in a 

controlled laboratory environment. The field experiments demonstrate that all used strains were 

capable of withstanding wintry conditions with a minimum temperature of –8 °C. The 

laboratory experiments pointed out that all strains could endure temperatures of –10 °C for a 

certain maximum exposure time. This survival exposure time highly depended on the origin of 

the strain and varied between 2 and 20 days. The temperate strain had a slightly higher tolerance 

against low temperatures than the subtropical strain. The tropical strain exhibited the lowest 

performance both in the field and the laboratory experiments. Diapausing eggs had an 

advantage in regards of cold tolerance only at the physiological limits of the strains. 

Furthermore, eggs were able to endure minimum temperatures for a longer time under a 

fluctuating rather than under a constant temperature scenario.  

The results of both experiments show that there are strains of Ae. albopictus with a quite high 

ability to endure low temperatures. This makes it rather probable that these invasive species 

will have no or only minor problems coping with winters in Germany in the future and will 

continue to spread, which is connected with epidemiological implications for public and 

veterinary health. 
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7 Zusammenfassung 

 

Culicidae, auch bekannt als Stechmücken, sind medizinisch bedeutsame Zweiflügler, die als 

Vektoren eine Vielzahl von Krankheitserregern auf Menschen und Tiere übertragen können. 

Die vorliegende Arbeit beschäftigt sich einerseits mit der Verbreitung von zwei seltenen 

Stechmückenarten, welche im Rahmen eines Monitoringprojekts gefangen wurden, und 

andererseits mit der Ökologie der Asiatischen Tigermücke. Bei allen Arten handelt es sich um 

thermophile Arten, bei denen angenommen wird, dass der Klimawandel ihre Verbreitung 

Richtung Norden begünstigt. Dies konnte vor allem für die Art Uranotaenia unguiculata 

gezeigt werden, da sie an zwei Orten gefunden wurde, die ausgesprochen weit entfernt waren 

von der einzigen jemals zuvor beschriebenen Nachweisstelle in Deutschland. Obwohl an beiden 

Fundorten jeweils nur ein einziges adultes Individuum gefangen werden konnte, ergab eine 

Beprobung von potenziellen Bruthabitaten im darauffolgenden Jahr, dass lokale Reproduktion 

stattfand. Somit konnte eine ausschließliche Verschleppung von adulten Einzelindividuen 

weitgehend ausgeschlossen werden. Eine weitere seltene Stechmückenart, die im Zuge des 

Monitorings nachgewiesen werden konnte, ist Anopheles algeriensis. Diese Art wurde an drei 

Standorten gefangen, an zwei von ihnen mit einer viel höheren Abundanz als Ur. unguiculata.  

Den ökologischen Teil dieser Arbeit machen Feld- und Laborexperimente mit Aedes albopictus 

aus. Sie dienten der Ermittlung der Kältetoleranz der Eier dieser Spezies, die als Vektor für eine 

Vielzahl von Viren und andere Pathogene gilt. Drei verschiedene Stämme, die aus tropischen, 

subtropischen und gemäßigten Breiten stammen, wurden niedrigen Temperaturen, welche 

typischerweise im Winter herrschen, unter Feld- und Laborbedingungen ausgesetzt. Die 

Experimente belegen, dass alle untersuchten Stämme prinzipiell einen Winter mit einem 

Temperaturminimum von –8 °C im Feld überleben konnten. Die Laborexperimente konnten 

hingegen zeigen, dass alle Stämme in der Lage waren, Temperaturen von –10 °C für eine 

gewisse Zeit zu ertragen. Die Überlebensfähigkeit schwankte je nach Stamm zwischen 2 und 

20 Tagen. Dabei hatte der Stamm aus den gemäßigten Breiten eine Kältetoleranz, die nur wenig 

höher lag als die des subtropischen Stammes. Der tropische Stamm hingegen besaß die 

geringste Toleranz gegenüber niedrigen Temperaturen, sowohl in den Freiland- als auch in den 

Laborexperimenten. Diapausierende Eier zeigen nur eine höhere Kältetoleranz nahe den 

physiologischen Grenzen der jeweiligen Stämme. Weiterhin konnte festgestellt werden, dass 

Eier unter fluktuierenden Temperaturen eine bestimmte Minimaltemperatur länger aushalten  
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konnten als unter konstanten Temperaturen. Somit zeigen beide Experimente, dass gewisse 

Stämme von Ae. albopictus eine sehr hohe Toleranz gegenüber niedrigen Temperaturen haben. 

Das macht es sehr wahrscheinlich, dass diese invasive Art Winter in Deutschland oder anderen 

mitteleuropäischen Ländern überleben und ihre Ausbreitung weiter fortschreiten werden. Diese 

Entwicklung wird epidemiologische Auswirkungen auf die Human- und Veterinärmedizin 

haben.



Bibliography 

72 
 

8 Bibliography 
 

Adhami, J., & Murati, N. (1987). Prani e mushkonjës Aedes albopictus në shqipëri [Presence 

of the mosquito Aedes albopictus in Albania]. Revista Mjekësore, 1, 13-16. 

Alto, B. W. (2011). Interspecific larval competition between invasive Aedes japonicus and 

native Aedes triseriatus (Diptera: Culicidae) and adult longevity. Journal of Medical 

Entomology, 48(2), 232-242. 

Ashraf, U., Ye, J., Ruan, X., Wan, S., Zhu, B., & Cao, S. (2015). Usutu virus: an emerging 

flavivirus in Europe. Viruses, 7(1), 219-238. 

Baer, H.-W. (1960). Anopheles und Malaria in Thüringen. Jena, Germany: Fischer. 

Becker, N., & Hoffmann, D. (2011). First record of Culiseta longiareolata (Macquart) for 

Germany. European Mosquito Bulletin, 29, 143-150. 

Becker, N., Jöst, H., Ziegler, U., Eiden, M., Höper, D., Emmerich, P., Fichet-Calvet, E., 

Ehichioya, D. U., Czajka, C., & Gabriel, M. (2012). Epizootic emergence of Usutu 

virus in wild and captive birds in Germany. PLoS ONE, 7(2), e32604. 

Becker, N., & Kaiser, A. (1995). Die Culicidenvorkommen in den Rheinauen des 

Oberrheingebiets mit besonderer Berücksichtigung von Uranotaenia (Culicidae, 

Diptera)–einer neuen Stechmückengattung für Deutschland. Mitteilungen der 

Deutschen Gesellschaft für allgemeine und angewandte Entomologie, 10, 407-413. 

Becker, N., Petrić, D., Boase, C., Lane, J., Zgomba, M., Dahl, C., & Kaiser, A. (2010). 

Mosquitoes and their control (2nd ed.). Heidelberg, Germany: Springer. 

Becker, N., Pfitzner, W. P., Czajka, C., Kaiser, A., & Weitzel, T. (2016). Anopheles 

(Anopheles) petragnani Del Vecchio 1939—a new mosquito species for Germany. 

Parasitology Research, 115(7), 2671-2677. 

Becker, N., Schön, S., Klein, A.-M., Ferstl, I., Kizgin, A., Tannich, E., Kuhn, C., Pluskota, B., 

& Jöst, A. (2017). First mass development of Aedes albopictus (Diptera: Culicidae) — 

its surveillance and control in Germany. Parasitology Research, 116(3), 847-858. 

Bruce-Chwatt, L. J. (1988). History of malaria from prehistory to eradication. In: 

Wernsdorfer, W. H. & McGregor, I. (eds.), Malaria: Principles and Practice of 

Malariology. Edinburgh, Great Britain: Churchill Livingstone. 

Cadar, D., Lühken, R., van der Jeugd, H., Garigliany, M., Ziegler, U., Keller, M., Lahoreau, 

J., Lachmann, L., Becker, N., & Kik, M. (2017). Widespread activity of multiple 

lineages of Usutu virus, western Europe, 2016. Eurosurveillance, 22(4), pii=30452. 



Bibliography 

73 
 

Calba, C., Guerbois-Galla, M., Franke, F., Jeannin, C., Auzet-Caillaud, M., Grard, G., 

Pigaglio, L., Decoppet, A., Weicherding, J., Savaill, M.-C., Munoz-Riviero, M., 

Chaud, P., Cadiou, B., Ramalli, L., Fournier, P., Noël, H., De Lamballerie, X., Paty, 

M.-C., & Leparc-Goffart, I. (2017). Preliminary report of an autochthonous 

chikungunya outbreak in France, July to September 2017. Eurosurveillance, 22(39), 

pii=17-00647. 

Camp, J. V., Bakonyi, T., Soltész, Z., Zechmeister, T., & Nowotny, N. (2018). Uranotaenia 

unguiculata Edwards, 1913 are attracted to sound, feed on amphibians, and are 

infected with multiple viruses. Parasites & Vectors, 11(1), 456. 

Ciocchetta, S., Prow, N. A., Darbro, J. M., Frentiu, F. D., Savino, S., Montarsi, F., Capelli, G., 

Aaskov, J. G., & Devine, G. J. (2018). The new European invader Aedes (Finlaya) 

koreicus: a potential vector of chikungunya virus. Pathogens and Global Health, 

112(3), 107-114. 

Cox-Singh, J., Davis, T. M., Lee, K.-S., Shamsul, S. S., Matusop, A., Ratnam, S., Rahman, H. 

A., Conway, D. J., & Singh, B. (2008). Plasmodium knowlesi malaria in humans is 

widely distributed and potentially life threatening. Clinical Infectious Diseases, 46(2), 

165-171. 

Dahl, C., Kaiser, A., & Becker, N. (1999). Culicidae. In: Schuhmann, H., Bährmann, R. & A, 

S. (eds.), Entomofauna Germanica. Checkliste der Dipteren Deutschlands. Studia 

Dipteriologica, Supplement 2, 51-52. 

Damiens, D., Ayrinhac, A., Van Bortel, W., Versteirt, V., Dekoninck, W., & Hance, T. 

(2014). Invasive process and repeated cross-sectional surveys of the mosquito Aedes 

japonicus japonicus establishment in Belgium. PLoS ONE, 9(4), e89358. 

Dantas-Torres, F., Chomel, B. B., & Otranto, D. (2012). Ticks and tick-borne diseases: a One 

Health perspective. Trends in Parasitology, 28(10), 437-446. 

Delisle, E., Rousseau, C., Broche, B., Leparc-Goffart, I., L’Ambert, G., Cochet, A., Prat, C., 

Foulongne, V., Ferre, J., Catelinois, O., Flusin, O., Tchernonog, E., Moussion, I., 

Wiegandt, A., Septfons, A., Mendy, A., Moyano, M., Laporte, L., Maurel, J., Jourdain, 

F., Reynes, J., Paty, M., & Golliot, F. (2015). Chikungunya outbreak in Montpellier, 

France, September to October 2014. Eurosurveillance, 20(17), pii=21108. 

Denlinger, D. L. (2009). Diapause. In: Resh, V. & Cardé, R. (eds.), Encyclopedia of insects 

(2nd ed.). Amsterdam, The Netherlands: Academic Press. 

Denlinger, D. L., & Armbruster, P. A. (2014). Mosquito diapause. Annual Review of 

Entomology, 59, 73-93. 



Bibliography 

74 
 

Di Luca, M., Severini, F., Toma, L., Boccolini, D., Romi, R., Remoli, M. E., Sabbatucci, M., 

Rizzo, C., Venturi, G., & Rezza, G. (2016). Experimental studies of susceptibility of 

Italian Aedes albopictus to Zika virus. Eurosurveillance, 21(18), pii=30223. 

European Centre for Disease Prevention and Control. (2017). Multiple reports of locally-

acquired malaria infections in the EU – 20 September 2017. Stockholm, Sweden: 

ECDC. 

European Centre for Disease Prevention and Control. (2018). West Nile virus outbreaks 

among equids in the European Union, 2018 transmission season. Accessed 10 

September 2020, from https://ecdc.europa.eu/en/publications-data/west-nile-virus-

outbreaks-among-equids-european-union-2018-transmission-season. 

European Centre for Disease Prevention and Control. (2020). Weekly updates: 2020 West 

Nile virus transmission season. Accessed 06 December 2020, from 

https://ecdc.europa.eu/en/west-nile-fever/surveillance-and-disease-data/disease-data-

ecdc. 

Engler, O., Savini, G., Papa, A., Figuerola, J., Groschup, M., Kampen, H., Medlock, J., Vaux, 

A., Wilson, A., & Werner, D. (2013). European surveillance for West Nile virus in 

mosquito populations. International Journal of Environmental Research and Public 

Health, 10(10), 4869-4895. 

Eritja, R., Palmer, J. R., Roiz, D., Sanpera-Calbet, I., & Bartumeus, F. (2017). Direct evidence 

of adult Aedes albopictus dispersal by car. Scientific Reports, 7(1), 14399. 

Filatov, S. (2017). Little pigeons can carry great messages: potential distribution and ecology 

of Uranotaenia (Pseudoficalbia) unguiculata Edwards, 1913 (Diptera: Culicidae), a 

lesser-known mosquito species from the Western Palaearctic. Parasites & Vectors, 

10(1), 464. 

Früh, L., Kampen, H., Kerkow, A., Schaub, G. A., Walther, D., & Wieland, R. (2018). 

Modelling the potential distribution of an invasive mosquito species: comparative 

evaluation of four machine learning methods and their combinations. Ecological 

Modelling, 388, 136-144. 

Genchi, C., Rinaldi, L., Mortarino, M., Genchi, M., & Cringoli, G. (2009). Climate and 

Dirofilaria infection in Europe. Veterinary Parasitology, 163(4), 286-292. 

Giron, S., Franke, F., Decoppet, A., Cadiou, B., Travaglini, T., Thirion, L., Durand, G., 

Jeannin, C., L’Ambert, G., & Grard, G. (2019). Vector-borne transmission of Zika 

virus in Europe, southern France, August 2019. Eurosurveillance, 24(45), 

pii=1900655. 

https://ecdc.europa.eu/en/publications-data/west-nile-virus-outbreaks-among-equids-european-union-2018-transmission-season
https://ecdc.europa.eu/en/publications-data/west-nile-virus-outbreaks-among-equids-european-union-2018-transmission-season
https://ecdc.europa.eu/en/west-nile-fever/surveillance-and-disease-data/disease-data-ecdc
https://ecdc.europa.eu/en/west-nile-fever/surveillance-and-disease-data/disease-data-ecdc


Bibliography 

75 
 

Gjenero-Margan, I., Aleraj, B., Krajcar, D., Lesnikar, V., Klobučar, A., Pem-Novosel, I., 

Kurečić-Filipović, S., Komparak, S., Martić, R., Đuričić, S., & Mlinarić-Galinović, G. 

(2011). Autochthonous dengue fever in Croatia, August–September 2010. 

Eurosurveillance, 16(9), pii=19805. 

Gould, E. A., & Higgs, S. (2009). Impact of climate change and other factors on emerging 

arbovirus diseases. Transactions of the Royal Society of Tropical Medicine and 

Hygiene, 103(2), 109-121. 

Grard, G., Caron, M., Mombo, I. M., Nkoghe, D., Ondo, S. M., Jiolle, D., Fontenille, D., 

Paupy, C., & Leroy, E. M. (2014). Zika virus in Gabon (Central Africa)–2007: a new 

threat from Aedes albopictus? PLoS Neglected Tropical Diseases, 8(2), e2681. 

Hanson, S. M., & Craig, G. B. (1994). Cold acclimation, diapause, and geographic origin 

affect cold hardiness in eggs of Aedes albopictus (Diptera: Culicidae). Journal of 

Medical Entomology, 31(2), 192-201. 

Hanson, S. M., & Craig, G. B. (1995a). Aedes albopictus (Diptera: Culicidae) eggs: field 

survivorship during northern Indiana winters. Journal of Medical Entomology, 32(5), 

599-604. 

Hanson, S. M., & Craig, G. B. (1995b). Field overwinter survivorship of Aedes albopictus 

eggs in Japan. Journal of the American Mosquito Control Association, 11(3), 354-357. 

Harbach, R. E. (2007). The Culicidae (Diptera): a review of taxonomy, classification and 

phylogeny. Zootaxa, 1668(1), 591-638. 

Harbach, R. E. (2020). Mosquito Taxonomic Inventory. Accessed 01 August 2020, from 

http://mosquito-taxonomic-inventory.info/. 

Hardstone, M. C., & Andreadis, T. G. (2012). Weak larval competition between the invasive 

mosquito Aedes japonicus japonicus (Diptera: Culicidae) and three resident container-

inhabiting mosquitoes in the laboratory. Journal of Medical Entomology, 49(2), 277-

285. 

Hateley, G. (2009). Bluetongue in northern Europe: the story so far. In practice, 31(5), 202-

209. 

Hawley, W., Pumpuni, C., Brady, R., & Craig Jr, G. (1989). Overwintering survival of Aedes 

albopictus (Diptera: Culicidae) eggs in Indiana. Journal of Medical Entomology, 

26(2), 122-129. 

Heitmann, A., Jansen, S., Lühken, R., Leggewie, M., Badusche, M., Pluskota, B., Becker, N., 

Vapalahti, O., Schmidt-Chanasit, J., & Tannich, E. (2017). Experimental transmission 

of Zika virus by mosquitoes from central Europe. Eurosurveillance, 22(2), pii=30437. 

http://mosquito-taxonomic-inventory.info/


Bibliography 

76 
 

Higgs, S., Snow, K., & Gould, E. A. (2004). The potential for West Nile virus to establish 

outside of its natural range: a consideration of potential mosquito vectors in the United 

Kingdom. Transactions of the Royal Society of Tropical Medicine and Hygiene, 98(2), 

82-87. 

Hofhuis, A., Reimerink, J., Reusken, C., Scholte, E.-J., Boer, A. d., Takken, W., & 

Koopmans, M. (2009). The hidden passenger of lucky bamboo: do imported Aedes 

albopictus mosquitoes cause dengue virus transmission in the Netherlands? Vector-

Borne and Zoonotic Diseases, 9(2), 217-220. 

Hubálek, Z. (2008). Mosquito-borne viruses in Europe. Parasitology Research, 103(1), 29-43. 

Huber, K., Pluskota, B., Jöst, A., Hoffmann, K., & Becker, N. (2012). Status of the invasive 

species Aedes japonicus japonicus (Diptera: Culicidae) in southwest Germany in 

2011. Journal of Vector Ecology, 37(2), 462-465. 

Jöst, H., Bialonski, A., Maus, D., Sambri, V., Eiden, M., Groschup, M. H., Günther, S., 

Becker, N., & Schmidt-Chanasit, J. (2011a). Isolation of Usutu virus in Germany. The 

American Journal of Tropical Medicine and Hygiene, 85(3), 551-553. 

Jöst, H., Bialonski, A., Schmetz, C., Günther, S., Becker, N., & Schmidt-Chanasit, J. (2011b). 

Isolation and phylogenetic analysis of Batai virus, Germany. The American Journal of 

Tropical Medicine and Hygiene, 84(2), 241-243. 

Jöst, H., Bialonski, A., Storch, V., Günther, S., Becker, N., & Schmidt-Chanasit, J. (2010). 

Isolation and phylogenetic analysis of Sindbis viruses from mosquitoes in Germany. 

Journal of Clinical Microbiology, 48(5), 1900-1903. 

Juliano, S. A., & Lounibos, P. L. (2005). Ecology of invasive mosquitoes: effects on resident 

species and on human health. Ecology Letters, 8(5), 558-574. 

Kamimura, K., Matsuse, I. T., Takahashi, H., KomukaI, J., Fukuda, T., Suzuki, K., Aratani, 

M., Shirai, Y., & Mogi, M. (2002). Effect of temperature on the development of Aedes 

aegypti and Aedes albopictus. Medical Entomology and Zoology, 53(1), 53-58. 

Kampen, H., Holicki, C. M., Ziegler, U., Groschup, M. H., Tews, B. A., & Werner, D. (2020). 

West Nile virus mosquito vectors (Diptera: Culicidae) in Germany. Viruses, 12(5), 

493. 

Kampen, H., Kronefeld, M., Zielke, D., & Werner, D. (2013). Three rarely encountered and 

one new Culiseta species (Diptera: Culicidae) in Germany. Journal of the European 

Mosquito Control Association, 31, 36-39. 

Kampen, H., Kuhlisch, C., Fröhlich, A., Scheuch, D. E., & Walther, D. (2016). Occurrence 

and spread of the invasive Asian bush mosquito Aedes japonicus japonicus (Diptera: 



Bibliography 

77 
 

Culicidae) in West and North Germany since detection in 2012 and 2013, respectively. 

PLoS ONE, 11(12), e0167948. 

Kampen, H., Medlock, J. M., Vaux, A. G., Koenraadt, C. J., Van Vliet, A. J. , Bartumeus, F., 

Oltra, A., Sousa, C. A., Chouin, S., & Werner, D. (2015). Approaches to passive 

mosquito surveillance in the EU. Parasites & Vectors, 8(1), 9. 

Kampen, H., Schuhbauer, A., & Walther, D. (2017). Emerging mosquito species in Germany 

— a synopsis after 6 years of mosquito monitoring (2011–2016). Parasitology 

Research, 116(12), 3253-3263. 

Kampen, H., & Werner, D. (2014). Out of the bush: the Asian bush mosquito Aedes japonicus 

japonicus (Theobald, 1901)(Diptera, Culicidae) becomes invasive. Parasites & 

Vectors, 7(1), 1-10. 

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(1), 284. 

Kaufman, M. G., & Fonseca, D. M. (2014). Invasion biology of Aedes japonicus japonicus 

(Diptera: Culicidae). Annual Review of Entomology, 59, 31-49. 

Koban, M. B., Kampen, H., Scheuch, D. E., Frueh, L., Kuhlisch, C., Janssen, N., Steidle, J. 

L., Schaub, G. A., & Werner, D. (2019). The Asian bush mosquito Aedes japonicus 

japonicus (Diptera: Culicidae) in Europe, 17 years after its first detection, with a focus 

on monitoring methods. Parasites & Vectors, 12(1), 109. 

Kraemer, M. U., Sinka, M. E., Duda, K. A., Mylne, A. Q., Shearer, F. M., Barker, C. M., 

Moore, C. G., Carvalho, R. G., Coelho, G. E., & Van Bortel, W. (2015). The global 

distribution of the arbovirus vectors Aedes aegypti and Ae. albopictus. eLife, 4, 

e08347. 

Kronefeld, M., Dittmann, M., Zielke, D., Werner, D., & Kampen, H. (2012). Molecular 

confirmation of the occurrence in Germany of Anopheles daciae (Diptera, Culicidae). 

Parasites & Vectors, 5(1), 250. 

Krüger, A., Rech, A., Su, X. Z., & Tannich, E. (2001). Two cases of autochthonous 

Plasmodium falciparum malaria in Germany with evidence for local transmission by 

indigenous Anopheles plumbeus. Tropical Medicine & International Health, 6(12), 

983-985. 

Kuhlisch, C., Kampen, H., & Walther, D. (2017). Two new distribution records of Aedes 

(Rusticoidus) refiki Medschid, 1928 (Diptera: Culicidae) from Germany. Journal of 

the European Mosquito Control Association, 35, 18-24. 



Bibliography 

78 
 

Kuhlisch, C., Kampen, H., & Walther, D. (2018a). The Asian tiger mosquito Aedes albopictus 

(Diptera: Culicidae) in Central Germany: surveillance in its northernmost distribution 

area. Acta Tropica, 188, 78-85. 

Kuhlisch, C., Kampen, H., & Walther, D. (2018b). Rediscovery of Culex (Neoculex) martinii 

Medschid, 1930 (Diptera, Culicidae) in Germany. Parasitology Research, 117(10), 

3351-3354. 

Kuhlisch, C., Kampen, H., & Werner, D. (2019). On the distribution and ecology of Culiseta 

(Culicella) ochroptera (Peus)(Diptera: Culicidae) in Germany. Zootaxa, 4576(3), 544-

558. 

Lacour, G., Chanaud, L., L’Ambert, G., & Hance, T. (2015). Seasonal synchronization of 

diapause phases in Aedes albopictus (Diptera: Culicidae). PLoS ONE, 10(12), 

e0145311. 

Lee, J., Richard E. (2009). Hibernation. In: Resh, V. & Cardé, R. (eds.), Encyclopedia of 

insects (2nd ed.). Amsterdam, The Netherlands: Academic Press. 

Lehane, M. J. (2005. The biology of blood-sucking in insects (2nd ed.). Cambridge, Great 

Britain: Cambridge University Press. 

Lucius, R., Loos-Frank, B., & Lane, R. P. (2018). Biologie von Parasiten (3rd ed.). Berlin 

Heidelberg, Germany: Springer. 

Lühken, R., Jöst, H., Cadar, D., Thomas, S. M., Bosch, S., Tannich, E., Becker, N., Ziegler, 

U., Lachmann, L., & Schmidt-Chanasit, J. (2017). Distribution of Usutu virus in 

Germany and its effect on breeding bird populations. Emerging Infectious Diseases, 

23(12), 1994-2001. 

Lühken, R., Pfitzner, W. P., Börstler, J., Garms, R., Huber, K., Schork, N., Steinke, S., Kiel, 

E., Becker, N., & Tannich, E. (2014). Field evaluation of four widely used mosquito 

traps in Central Europe. Parasites & Vectors, 7(1), 268. 

Madon, M. B., Mulla, M. S., Shaw, M. W., Kluh, S., & Hazelrigg, J. E. (2002). Introduction 

of Aedes albopictus (Skuse) in southern California and potential for its establishment. 

Journal of Vector Ecology, 27(1), 149-154. 

Maier, W. (2004). Das Verschwinden des Sumpffiebers in Europa: Zufall oder 

Notwendigkeit? Denisia, 13, 515-527. 

Medlock, J. M., Hansford, K. M., Schaffner, F., Versteirt, V., Hendrickx, G., Zeller, H., & 

Bortel, W. V. (2012). A review of the invasive mosquitoes in Europe: ecology, public 

health risks, and control options. Vector-borne and zoonotic diseases, 12(6), 435-447. 



Bibliography 

79 
 

Medlock, J., Hansford, K., Versteirt, V., Cull, B., Kampen, H., Fontenille, D., Hendrickx, G., 

Zeller, H., Van Bortel, W., & Schaffner, F. (2015). An entomological review of 

invasive mosquitoes in Europe. Bulletin of Entomological Research, 105(6), 637-663. 

Medlock, J., Snow, K., & Leach, S. (2005). Potential transmission of West Nile virus in the 

British Isles: an ecological review of candidate mosquito bridge vectors. Medical and 

Veterinary Entomology, 19(1), 2-21. 

Mehlhorn, H. (2012). Die Parasiten der Tiere: Erkrankungen erkennen, bekämpfen und 

vorbeugen (7th ed.). Berlin Heidelberg, Germany: Springer. 

Mehlhorn, H. (2017). Die Parasiten des Menschen: Erkrankungen erkennen, bekämpfen und 

vorbeugen (7th ed.). Berlin Heidelberg, Germany: Springer. 

Mehlhorn, H., Walldorf, V., Klimpel, S., Jahn, B., Jaeger, F., Eschweiler, J., Hoffmann, B., & 

Beer, M. (2007). First occurrence of Culicoides obsoletus-transmitted Bluetongue 

virus epidemic in Central Europe. Parasitology Research, 101(1), 219-228. 

Merdić, E., Perić, L., Pendak, N., Kurolt, I. C., Sudarić Bogojević, M., & Markotić, A. 

(2013). West Nile virus outbreak in humans in Croatia, 2012. Collegium 

Antropologicum, 37(3), 943-947. 

Mogi, M. (2011). Variation in cold hardiness of nondiapausing eggs of nine Aedes 

(Stegomyia) species (Diptera: Culicidae) from eastern Asia and Pacific islands ranging 

from the tropics to the cool-temperate zone. Journal of Medical Entomology, 48(2), 

212-222. 

Mohrig, W. (1969). Die Culiciden Deutschlands. Anzeiger für Schädlingskunde, 42(8), 126-

127. 

Montarsi, F., Ciocchetta, S., Devine, G., Ravagnan, S., Mutinelli, F., di Regalbono, A. F., 

Otranto, D., & Capelli, G. (2015). Development of Dirofilaria immitis within the 

mosquito Aedes (Finlaya) koreicus, a new invasive species for Europe. Parasites & 

Vectors, 8(1), 177. 

Mori, A., Oda, T., & Wada, Y. (1981). Studies on the egg diapause and overwintering of 

Aedes albopictus in Nagasaki. Tropical Medicine, 23(2), 79-90. 

Morse, S. S. (1995). Factors in the emergence of infectious diseases. Emerging Infectious 

Diseases, 1(1), 7-15. 

Nasci, R. S., Savage, H. M., White, D. J., Miller, J. R., Cropp, B. C., Godsey, M. S., Kerst, A. 

J., Bennett, P., Gottfried, K., & Lanciotti, R. S. (2001). West Nile virus in 

overwintering Culex mosquitoes, New York City, 2000. Emerging Infectious 

Diseases, 7(4), 742-744. 



Bibliography 

80 
 

Nawrocki, S., & Hawley, W. (1987). Estimation of the northern limits of distribution of Aedes 

albopictus in North America. Journal of the American Mosquito Control Association, 

3(2), 314-317. 

Paupy, C., Delatte, H., Bagny, L., Corbel, V., & Fontenille, D. (2009). Aedes albopictus, an 

arbovirus vector: from the darkness to the light. Microbes and Infection, 11(14-15), 

1177-1185. 

Pecorari, M., Longo, G., Gennari, W., Grottola, A., Sabbatini, A. M., Tagliazucchi, S., Savini, 

G., Monaco, F., Simone, M. L., & Lelli, R. (2009). First human case of Usutu virus 

neuroinvasive infection, Italy, August-September 2009. Eurosurveillance, 14(50), 

pii=19446. 

Peralta, P. S.-O., Vazquez-Torres, M., Latorre-Fandos, E., Mairal-Claver, P., Cortina-Solano, 

P., Puy-Azón, A., Sancho, B. A., Leitmeyer, K., Lucientes-Curdi, J., & Sierra-Moros, 

M. (2010). First autochthonous malaria case due to Plasmodium vivax since 

eradication, Spain, October 2010. Eurosurveillance, 15(41), pii=19684. 

Peus, F. (1972). Über das Subgenus Aedes sensu stricto in Deutschland (Diptera, Culicidae). 

Zeitschrift für Angewandte Entomologie, 72, 177-194. 

Pfitzner, W. P., Lehner, A., Hoffmann, D., Czajka, C., & Becker, N. (2018). First record and 

morphological characterization of an established population of Aedes 

(Hulecoeteomyia) koreicus (Diptera: Culicidae) in Germany. Parasites & Vectors, 

11(1), 662. 

Piperaki, E., & Daikos, G. (2016). Malaria in Europe: emerging threat or minor nuisance? 

Clinical Microbiology and Infection, 22(6), 487-493. 

Pluskota, B., Jöst, A., Augsten, X., Stelzner, L., Ferstl, I., & Becker, N. (2016). Successful 

overwintering of Aedes albopictus in Germany. Parasitology Research, 115(8), 3245-

3247. 

Pluskota, B., Storch, V., Braunbeck, T., Beck, M., & Becker, N. (2008). First record of 

Stegomyia albopicta (Skuse) (Diptera: Culicidae) in Germany. European Mosquito 

Bulletin, 26, 1-5. 

Pumpuni, C., Knepler, J., & Craig, J. G. (1992). Influence of temperature and larval nutrition 

on the diapause inducing photoperiod of Aedes albopictus. Journal of the American 

Mosquito Control Association, 8(3), 223-227. 

Ramsdale, C. D., & Snow, K. R. (2001). Distribution of the genera Coquillettidia, 

Orthopodomyia and Uranotaenia in Europe. European Mosquito Bulletin, 10, 25-29. 



Bibliography 

81 
 

Randolph, S. E., & Rogers, D. J. (2010). The arrival, establishment and spread of exotic 

diseases: patterns and predictions. Nature Reviews Microbiology, 8(5), 361-371. 

Rasmussen, L. D., Kristensen, B., Kirkeby, C., Rasmussen, T. B., Belsham, G. J., Bødker, R., 

& Bøtner, A. (2012). Culicoids as vectors of Schmallenberg virus. Emerging 

Infectious Diseases, 18(7), 1204-1206. 

Reinert, J. F., Harbach, R. E., & Kitching, I. J. (2004). Phylogeny and classification of Aedini 

(Diptera: Culicidae), based on morphological characters of all life stages. Zoological 

Journal of the Linnean Society, 142(3), 289-368. 

Reinert, J. F., Harbach, R. E., & Kitching, I. J. (2006). Phylogeny and classification of 

Finlaya and allied taxa (Diptera: Culicidae: Aedini) based on morphological data from 

all life stages. Zoological Journal of the Linnean Society, 148(1), 1-101. 

Reinert, J. F., Harbach, R. E., & Kitching, I. J. (2008). Phylogeny and classification of 

Ochlerotatus and allied taxa (Diptera: Culicidae: Aedini) based on morphological data 

from all life stages. Zoological Journal of the Linnean Society, 153(1), 29-114. 

Reinert, J. F., Harbach, R. E., & Kitching, I. J. (2009). Phylogeny and classification of tribe 

Aedini (Diptera: Culicidae). Zoological Journal of the Linnean Society, 157(4), 700-

794. 

Reisen, W. K. (2009). Malaria. In: Resh, V. & Cardé, R. (eds.), Encyclopedia of insects (2nd 

ed.). Amsterdam, The Netherlands: Academic Press. 

Reisen, W. K. (2013). Ecology of West Nile virus in North America. Viruses, 5(9), 2079-

2105. 

Reiter, P. (1998). Aedes albopictus and the world trade in used tires, 1988-1995: the shape of 

things to come? Journal of the American Mosquito Control Association, 14(1), 83-94. 

Reiter, P. (2008). Climate change and mosquito-borne disease: knowing the horse before 

hitching the cart. Revue scientifique et technique, 27(2), 383-398. 

Rezza, G., Nicoletti, L., Angelini, R., Romi, R., Finarelli, A., Panning, M., Cordioli, P., 

Fortuna, C., Boros, S., Magurano, F., & Cassone, A. (2007). Infection with 

chikungunya virus in Italy: an outbreak in a temperate region. Lancet, 370(9602), 

1840-1846. 

Robert, V., Günay, F., Le Goff, G., Boussès, P., Sulesco, T., Khalin, A., Medlock, J. M., 

Kampen, H., Petrić, D., & Schaffner, F. (2019). Distribution chart for Euro-

Mediterranean mosquitoes (western Palaearctic region). Journal of the European 

Mosquito Control Association, 37, 1-28. 



Bibliography 

82 
 

Rudolf, I., Šebesta, O., Straková, P., Betášová, L., VEnclíková, K., Seidel, B., Tóth, S., 

Hubálek, Z., & Schaffner, F. (2015). Overwintering of Uranotaenia unguiculata adult 

females in central Europe: A possible way of persistence of the putative new lineage 

of West Nile virus? Journal of the American Mosquito Control Association, 31(4), 

364-366. 

Sabatini, A., Raineri, V., Trovato, G., & Coluzzi, M. (1990). Aedes albopictus in Italy and 

possible diffusion of the species into the Mediterranean area. Parassitologia, 32(3), 

301-304. 

Sardelis, M. R., & Turell, M. J. (2001). Ochlerotatus j. japonicus in Frederick County, 

Maryland: discovery, distribution, and vector competence for West Nile virus. Journal 

of the American Mosquito Control Association, 17(2), 137-141. 

Sassnau, R., Daugschies, A., Lendner, M., & Genchi, C. (2014). Climate suitability for the 

transmission of Dirofilaria immitis and D. repens in Germany. Veterinary 

Parasitology, 205(1-2), 239-245. 

Schaffner, F., Kaufmann, C., Hegglin, D., & Mathis, A. (2009). The invasive mosquito Aedes 

japonicus in Central Europe. Medical and Veterinary Entomology, 23(4), 448-451. 

Schaffner, F., Vazeille, M., Kaufmann, C., Failloux, A.-B., & Mathis, A. (2011). Vector 

competence of Aedes japonicus for chikungunya and dengue viruses. European 

Mosquito Bulletin, 29, 141-142. 

Scheuch, D., Schäfer, M., Eiden, M., Heym, E., Ziegler, U., Walther, D., Schmidt-Chanasit, 

J., Keller, M., Groschup, M., & Kampen, H. (2018). Detection of Usutu, Sindbis, and 

Batai viruses in mosquitoes (Diptera: Culicidae) collected in Germany, 2011–2016. 

Viruses, 10(7), 389. 

Schneeberg, K., & Beutel, R. G. (2013). Diptera (common name: true flies). In: Beutel, R. G., 

Friedrich, F., Yang, X.-K. & Ge, S.-Q. (eds.), Insect morphology and phylogeny: a 

textbook for students of entomology. Berlin, Germany: De Gruyter. 

Schneider, K. (2011). Breeding of Ochlerotatus japonicus japonicus (Diptera: Culicidae) 80 

km north of its known range in southern Germany. European Mosquito Bulletin, 

29(129), 129-132. 

Scholte, E.-J., den Hartog, W., & Reusken, C. (2011). A report of Anopheles algeriensis 

(Diptera: Culicidae) from the Netherlands. Entomologische Berichten, 71(2), 39-42. 

Scholte, E.-J., & Schaffner, F. (2007). Waiting for the tiger: establishment and spread of the 

Aedes albopictus mosquito in Europe. In: Takken, W. & Knols, B. (eds.), Emerging 



Bibliography 

83 
 

Pests and Vector-borne Diseases in Europe. Wageningen, The Netherlands: 

Wageningen Academic Publishers. 

Service, M. (2012). Medical entomology for students (5th ed.). Cambridge, Great Britain: 

Cambridge University Press. 

Simonin, Y., Sillam, O., Carles, M. J., Gutierrez, S., Gil, P., Constant, O., Martin, M. F., 

Girard, G., Van de Perre, P., & Salinas, S. (2018). Human Usutu virus infection with 

atypical neurologic presentation, Montpellier, France, 2016. Emerging Infectious 

Diseases, 24(5), 875-878. 

Sota, T., & Mogi, M. (1992). Survival time and resistance to desiccation of diapause and non‐

diapause eggs of temperate Aedes (Stegomyia) mosquitoes. Entomologia 

Experimentalis et Applicata, 63(2), 155-161. 

Spieckermann, D., & Ackermann, R. (1972). Isolierung von Viren der California-

Enzephalitis-Gruppe aus Stechmücken in Nord-Bayern. Zentralblatt für Bakteriologie, 

Parasitenkunde, Infektionskrankheiten und Hygiene, I. Abteilung, Originale A, 221(3), 

283-295. 

Steinbrink, A., Zotzmann, S., Cunze, S., & Klimpel, S. (2019). Aedes koreicus—a new 

member of the genus Aedes establishing in Germany? Parasitology Research, 118(3), 

1073-1076. 

Succo, T., Leparc-Goffart, I., Ferré, J.-B., Roiz, D., Broche, B., Maquart, M., Noel, H., 

Catelinois, O., Entezam, F., Caire, D., Jourdain, F., Esteve-Moussion, I., Cochet, A., 

Paupy, C., Rousseau, C., Paty, M., & Golliot, F. (2016). Autochthonous dengue 

outbreak in Nîmes, south of France, July to September 2015. Eurosurveillance, 

21(21), pii=30240. 

Tatem, A., Huang, Z., Das, A., Qi, Q., Roth, J., & Qiu, Y. (2012). Air travel and vector-borne 

disease movement. Parasitology, 139(14), 1816-1830. 

Tatem, A. J., Rogers, D. J., & Hay, S. I. (2006). Global transport networks and infectious 

disease spread. Advances in Parasitology, 62, 293-343. 

Tauber, M. J., Tauber, C. A., & Masaki, S. (1986). Seasonal adaptations of insects. New 

York, USA: Oxford University Press. 

Thomas, S. M., Obermayr, U., Fischer, D., Kreyling, J., & Beierkuhnlein, C. (2012). Low-

temperature threshold for egg survival of a post-diapause and non-diapause European 

aedine strain, Aedes albopictus (Diptera: Culicidae). Parasites & Vectors, 5(1), 100. 

Thomas, S. M., Tjaden, N., Frank, C., Jaeschke, A., Zipfel, L., Wagner-Wiening, C., Faber, 

M., Beierkuhnlein, C., & Stark, K. (2018). Areas with high hazard potential for 



Bibliography 

84 
 

autochthonous transmission of Aedes albopictus-associated arboviruses in Germany. 

International Journal of Environmental Research and Public Health, 15(6), 1270. 

Tippelt, L., Kuhlisch, C., Schuhbauer, A., Schleip, I., Kampen, H., & Walther, D. (2018). 

Mosquito monitoring 2015 in eastern Germany. Mitteilungen der Deutschen 

Gesellschaft für Allgemeine und Angewandte Entomologie, 21, 207-213. 

Venturi, G., Di Luca, M., Fortuna, C., Remoli, M. E., Riccardo, F., Severini, F., Toma, L., 

Del Manso, M., Benedetti, E., Caporali, M. G., & Rizzo, C. (2017). Detection of a 

chikungunya outbreak in Central Italy, August to September 2017. Eurosurveillance, 

22(39), pii=17-00646. 

Vinogradova, E. B. (2007). Diapause in aquatic insects, with emphasis on mosquitoes. In: 

Alekseev, V. R., De Stasio, B. & Gilbert, J. J. (eds.), Diapause in aquatic 

invertebrates theory and human use. Dordrecht, The Netherlands: Springer. 

Walther, D., Scheuch, D., & Kampen, H. (2017). The invasive Asian tiger mosquito Aedes 

albopictus (Diptera: Culicidae) in Germany: local reproduction and overwintering. 

Acta Tropica, 166, 186-192. 

Weaver, S. C., & Reisen, W. K. (2010). Present and future arboviral threats. Antiviral 

Research, 85(2), 328-345. 

Werner, D., & Kampen, H. (2013). The further spread of Aedes japonicus japonicus (Diptera, 

Culicidae) towards northern Germany. Parasitology Research, 112(10), 3665-3668. 

Werner, D., Kowalczyk, S., & Kampen, H. (2020). Nine years of mosquito monitoring in 

Germany, 2011–2019, with an updated inventory of German culicid species. 

Parasitology Research, 119(9), 2765-2774. 

Werner, D., Kronefeld, M., Schaffner, F., & Kampen, H. (2012). Two invasive mosquito 

species, Aedes albopictus and Aedes japonicus japonicus, trapped in south-west 

Germany, July to August 2011. Eurosurveillance, 17(4), pii=20067. 

Werner, D., Zielke, D. E., & Kampen, H. (2016). First record of Aedes koreicus (Diptera: 

Culicidae) in Germany. Parasitology Research, 115(3), 1331-1334. 

Wernsdorfer, W. H. (2002). Malaria in Mitteleuropa. Denisia, 6, 201-212. 

Weyer, F. (1939). Die Malaria-Überträger. Leipzig, Germany: Georg-Thieme. 

World Health Organisation. (2016). History of malaria elimination in the European Region. 

Copenhagen, Denmark: WHO. 

World Health Organisation. (2018). World malaria report 2018 (pp. 210). Geneva, 

Switzerland: WHO. 



Bibliography 

85 
 

Wilkerson, R. C., Linton, Y.-M., Fonseca, D. M., Schultz, T. R., Price, D. C., & Strickman, 

D. A. (2015). Making mosquito taxonomy useful: a stable classification of tribe 

Aedini that balances utility with current knowledge of evolutionary relationships. 

PLoS ONE, 10(7), e0133602. 

Wilking, H., Offergeld, R., Lachmann, R., Grünewald, T., & Schmidt-Chanasit, J. (2019). 

Erster in Deutschland durch Stechmücken übertragener Fall einer West-Nil-Virus-

Infektion. Epidemiologisches Bulletin, 40, 415-416. 

Zeller, H., & Schuffenecker, I. (2004). West Nile virus: an overview of its spread in Europe 

and the Mediterranean basin in contrast to its spread in the Americas. European 

Journal of Clinical Microbiology and Infectious Diseases, 23(3), 147-156. 

Ziegler, U., Lühken, R., Keller, M., Cadar, D., van der Grinten, E., Michel, F., Albrecht, K., 

Eiden, M., Rinder, M., & Lachmann, L. (2019). West Nile virus epizootic in Germany, 

2018. Antiviral Research, 162, 39-43. 

Ziegler, U., Santos, P. D., Groschup, M. H., Hattendorf, C., Eiden, M., Höper, D., Eisermann, 

P., Keller, M., Michel, F., & Klopfleisch, R. J. V. (2020). West Nile virus epidemic in 

Germany triggered by epizootic emergence, 2019. Viruses, 12(4), 448. 

Zielke, D. E., Walther, 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(1), 163. 

 



Eigenständigkeitserklärung 

IV 
 

I. Eigenständigkeitserklärung 

 

 

 

 

Eigenständigkeitserklärung 

 

Hiermit erkläre ich, dass diese Arbeit bisher von mir weder an der Mathematisch-

Naturwissenschaftlichen Fakultät der Universität Greifswald noch einer anderen 

wissenschaftlichen Einrichtung zum Zwecke der Promotion eingereicht wurde. 

 

Ferner erkläre ich, dass ich diese Arbeit selbstständig verfasst und keine anderen als die darin 

angegebenen Hilfsmittel und Hilfen benutzt und keine Textabschnitte eines Dritten ohne 

Kennzeichnung übernommen habe. 

 

         

 

Lisa Tippelt 

 

 



Publications and talks 

V 
 

II. Publications and talks 
 

II.1 Publications 
 

 

*Tippelt, L., Walther, D., & Kampen, H. (2017). The thermophilic mosquito species 

Uranotaenia unguiculata Edwards, 1913 (Diptera: Culicidae) moves north in 

Germany. Parasitology Research, 116(12), 3437-3440. doi: 10.1007/s00436-017-5652-2. 

 

*Tippelt, L., Walther, D., Scheuch, D. E., Schäfer, M., & Kampen, H. (2018). Further reports 

of Anopheles algeriensis Theobald, 1903 (Diptera: Culicidae) in Germany, with evidence of 

local mass development. Parasitology Research, 117(8), 2689-2696. doi: 10.1007/s00436-018-

5938-z. 

 

Tippelt, L., Kuhlisch, C., Schuhbauer, A., Schleip, I., Kampen, H. & Walther, D. (2018): 

Mosquito monitoring 2015 in eastern Germany. Mitteilung der Deutschen Gesellschaft für 

Allgemeine und Angewandte Entomologie 21, 207-213. 

 

*Tippelt, L., Werner, D., & Kampen, H. (2019). Tolerance of three Aedes albopictus strains 

(Diptera: Culicidae) from different geographical origins towards winter temperatures under 

field conditions in northern Germany. PLoS One, 14(7), e0219553. doi: 

10.1371/journal.pone.0219553. 

 

*Tippelt, L., Werner, D., & Kampen, H. (2020). Low temperature tolerance of three Aedes 

albopictus strains (Diptera: Culicidae) under constant and fluctuating temperature scenarios. 

Parasites & Vectors, 13(1), 587. doi: 10.1186/s13071-020-04386-7. 

 

 

* part of this thesis 

  

 

 



Publications and talks 

VI 
 

 

II.2 Oral presentations 
 

 

“Spatiotemporal monitoring of mosquitoes in northeastern Germany” – Meeting of the German 

Society for Medical Entomology and Acarology, 12-14 September 2016, Halle 

 

“Studies on low temperature tolerance of Aedes albopictus (Diptera: Culicidae)” – FLI Junior 

Scientists Meeting, 21-23 September 2016, Jena  

 

“Mosquito monitoring 2015 in eastern Germany” – Meeting of the German Society for General 

and Applied Entomology, 13-16 March 2017, Freising 

 

“Studien zur Temperaturtoleranz von Aedes albopictus (Culicidae: Diptera)” – Meeting of the 

German Society for Medical Entomology and Acarology, 18-20 September 2017, Leipzig 

 

“Laborversuche zur Toleranz von Aedes albopictus (Culicidae: Diptera) gegenüber niedrigen 

Temperaturen” – Meeting of the German Society for Medical Entomology and Acarology, 20-

22 September 2018, Frankfurt/Main  

 

"Knowing the vector – mosquito monitoring and ecological examinations in the light of 

emerging mosquito-borne diseases" – talk during study visit at the European Centre for Disease 

Prevention and Control (ECDC), 25-29 June 2018, Stockholm 

 


