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Abstract: The mosquito fauna was observed in mountain and lowland regions of Bohemia for 50, 
respective 40 years. As has been proven by the long term research of this medically significant family 
of the dipteran and its occurrence on the territory of both the Czech and Slovak republic, changes in 
species composition of mosquito fauna and ecology in central Europe are indicators of contemporary 
ongoing climatic change and climate warming. 
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Introduction 
 

The research of the mosquito family Culicidae has been paid a great attention especially 
due to its significance as blood-eating pests of vertebrates, including man and serious disease 
agent carriers. 

Mosquitos belong among evolutionarily older paraphyletic dipteran “suborder” 
Nematocera which evolved from a mecopteroid group of insect in late Permian or early 
Triassic (Obenberger 1955, Martynov 1959, Rodendorf 1964, etc.). The evolution of the 
mosquito family continued in the early Cenozic, a period from which many representatives of 
current genera are known (Cockerell 1914, Edwards 1923, Staatz 1944, Štekelberg 1957). 
Present distribution of mosquitos, in particular on the northern hemisphere, has been 
establishing itself 12,000 years since the termination of the Ice Age and its changes are taking 
place even at present.  

The number of current mosquito species exceeds 3,000 (Gillet 1971, Knight, Stone 1977 
- 1978), with more than 200 species in the Palearctic area (Minář 1986, 1990, etc.). Systems 
and ecology of mosquitos was studied especially in the Holarctic region (Natvig 1948, 
Martini 1950, Mončadskij 1951, Gucevič et al. 1970, Tanaka et al. 1979, Carpenter, La Casse 
1955, Wood, Dang, Ellis 1979, Darsie, Ward 1981, Minář 1986, 1990, 2000, etc.). Many 
works deal with fauna of individual states (Marshall 1951, Rioux 1958, Mihályi, Gulyás 
1963, Mohrig 1966, Božkov 1966, Monchadsky, Garciia 1966, Rageau et al. 1970, Skierska 
1971, 1977, Dubickij 1978, Minář 1976, 1978, Dahl 1977, Kucharčuk 1980, Samanidou – 
Voyadoglou, Darsie 1993, Šeremet 1998, Pakalniškis et al. 2000, etc.). 

On the territory of Czechoslovakia, the research has been carried out for more than 100 
years. Kowarz (1894) mentions 8 mosquito species in total, Wimmer (1913) 9 species, 
Kramář (1958) 48 species, Minář, Halgoš (1997) 50 species, Ország et al. (2009) 52 species. 
The development of this family research began in the second half of the twentieth century and 
was particularly aimed at the ecology of mosquitos in mass occurrence areas (Breindl, 
Komárek 1940, Kramář, Weiser 1951, Rosický, Weiser 1952, Trpiš 1962, Lauterer, Chmela 
1977, Labuda 1977, Rettich et al. 1978, Vaňhara 1981, Vaňhara, Rettich 1998, Jalili et al. 
1999, Rettich 2000, etc.). 

Further research was related to the transfer of disease agents (Breindl, Komárek 1941, 
Málková et al. 1974, Minář, Rosický 1975, Rosický et al. 1980, Minář 1987, Hubálek et al. 
1990, etc.). 

In the recent years the mosquito research has been carried out in relation to extraordinary 
floods (Rettich 1998, Rettich, Ryba 1998, Chmela 1999, Gelbič, Chmela et al. 2000, Minář, 
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Gelbič, Olejníček 2001). Several works have also dealt with the changes in the occurrence 
and ecology of mosquitos related to climatic changes (Minář, Halgoš 1977b, Chmela 2000, 
Olejníček, Minář, Gelbič 2004, Minář, Gelbič, Olejníček 2004, Minář, Halgoš et al. 2007).  

Changes in the occurrence and ecology of mosquito species and groups, initiated by 
climatic change, can be the indicators of the climatic change in question. 

 
Methods 
 

The impact of environmental changes, including climatic change, on fauna and ecology of mosquitos can 
manifest itself on the changes of species composition in an area observed for a longer time-period while carrying 
out a long-term comparison of mosquitos occurrence at different localities at a certain period with different 
natural conditions and observing the changes in the seasonal occurrence of individual mosquito species during a 
vegetation period. In the long run, in the course of several decades since 1960 up to 2013, the occurrence of 
mosquitos has been observed in the area of the Vltava upper reaches in the southeast Šumava in the altitude 700 
– 800m, beginning with the construction of Lipno valley water reservoir (Minář 1964, 1965, 1970, 1975) up to 
the present. Furthermore, the occurrence of mosquitos in this area has been compared to the results of a long-
term mosquito research in the lowlands of central Polabí in the altitude 150 – 200 m, carried out by Kramář 
(1955, 1958) and to the observation of mainly spring species of the genus Aedes between 1971 (Kolman et al. 
1972) and 2013. Differences in the seasonal occurrence of individual mosquito species during vegetation period 
were also observed. For details of collecting methods see references above. 
 
Results 
 

Results of 50 years studies are gathered in Tab. 1. Data in this table were partly published 
(see “Methods”) and partly they resulted from subsequent (unpublished) collections.  

Prior to the construction of Lipno water reservoir in 1961 – 1962, 18 mosquito species 
were elicited in this area (Tab. 1), of which Aedes pullatus is a boreo-alpine species while 
Culiseta alaskaensis, Cul. ochroptera and Aedes punctor are boreo-mountainous species and 
Cul. glaphyroptera is a central European endemic mountainous species. Aedes communis is 
an abundant, early spring species of the subarctic mild zone of the Holarctic area. Culex 
hortensis species, elicited for the first time, and once only, here in Bohemia (Minář 1975) is a 
Mediterranean species of higher altitudes. Aedes geniculatus inhabits warm climate zone of 
deciduous forests and is spread more in the southern Europe. Other recorded species belong 
among widely spread Euro-Siberian and Holarctic species of a mild climate zone (Kramář 
1958, Gucevič et al. 1970, Minář 1986, etc.). 

In 1987, a female of Anopheles plumbeus was captured here, a species also spread 
especially in the southern Europe and, similarly to Ae. geniculatus, maturing in tree cavities 
(Minář, Hagoš 1997b). 

Following the wide Vltava valley inundation by Lipno water reservoir, breeding grounds 
of mosquitos in coastal meadow marshes ceased to exist. This involved Aedes cantans, Ae. 
vexans and Ae. cinereus species. In the years that followed the species were no longer elicited 
in the locality. The finding of one adult of Ae. vexans species in a nearby locality Vyšší Brod 
on 18 August, 2001 was rather rare.  

In the last 8 years (2006 – 2013), 13 mosquito species were recorded in the southeast area 
of the Šumava (Tab. 1). In 2008, 2009 and 2012, from May to June, the larvae of Aedes 
cinereus were found in temporary puddles on meadow and forest edges. The larvae of Ae. 
cantans were discovered in May 2008, which was after the period of 45 years for both species 
respectively.  

During the 50 years of research, the larvae of Ae. communis and Ae. pullatus were 
collected from the beginning of April till the beginning of June in forest and peaty pools. The 
larvae of Ae. punctor were collected later – from May till June, exceptionally even in July. 

In May 2008 the larva of the thermophilic species Aedes geniculatus was found in an 
atypical breeding ground – in a trough carved into a stone on the edge of a forest with a layer 
of rotting leaves and needles on the bottom. 
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In central Polabí area, 15 abundant mosquito species were elicited during the research 
(Tab. 1). In the last 8 years the larvae of spring species Aedes leucomelas, Ae. cataphylla, Ae. 
cantans and Ae. annulipes were discovered in temporary puddles in April at water 
temperature 6 – 13 °C. In the years prior to that there were abundant larvae of cold tolerant 
species Aedes communis which, during the last eight years, were found in one locality only in 
2010. 

The results of the research revealed that while in higher altitudes above 600 – 700 m 
above sea level species of warmer meadow biotopes have reappeared in recent years, in the 
lowlands to 200 m above the sea level a previously abundant species Aedes communis with its 
occurrence prevailing in the northern part of the Holarctic zone vanished. Together with a 
previously discovered shift in the time-period of occurrence of several mosquito species to 
earlier time period and with findings of southern European mosquito species and other 
invertebrates, the mentioned observations bring forth evidence of overall climate warming 
and consequent changes in the fauna composition and time occurrence of some species on our 
territory.  
 
Discussion 
 

In recent decades the occurrence of several southern European thermophile mosquito 
species has newly been found in Bohemia, Moravia and in Slovakia (Minář, Halgoš 1997b). 
In Bohemia, Aedes pulchritarsis was found (Ryba 1979), familiar to eastern Slovakia 
(Danielová based on Kramář 1958). Uranotaenia unguiculata (Ryba et al. 1974) and Culex 
martinii (Vaňhara 1981) were found in Moravia and recently also Anopheles hyrcanus 
(Šebesta et al. 2009). In Slovakia Culex theileri (Halgoš, Petrus 1996) and An. hyrcanus 
(Halgoš, Benková 2004) were recorded. 

In the last decade, the mosquito research in the Morava and Danube river basin revealed a 
shift in the occurrence of late spring mosquito species to an earlier month and the occurrence 
of summer species as soon as to the spring period. The occurrence of Aedes cataphylla, Ae. 
vexans and Ae. cinereus larvae were recorded in the first half of May between 2001 and 2003 
together with the vanishing of originally abundant early spring species Ae. communis. The 
spring species were represented by Ae. leucomelas and Ae. cataphylla only (Chmela 2000, 
Olejníček, Minář, Gelbič 2004, Minář, Gelbič, Olejníček 2004, Minář, Halgoš et al. 2007). In 
Polabí the shift in the occurrence of summer mosquito species to spring period was recorded 
by Rettich (2000), the vanishing of cold tolerant species Ae. communis was proven by the 
observations mentioned in the results of this work.  

In the last two decades, the occurrence and spread of other southern European 
invertebrates has been found on our territory. A prominent Mediterranean Agriope bruennichi 
was recorded in central Bohemia in 1993 (Kůrka 1994) and was further observed by the 
author in southeast Šumava in Vyšší brod in 2004. Similarly, southern European Dictima 
civica and Arion lusitanicus spread to the whole territory of Bohemia and Moravia during this 
period. Mantis religiosa, inhabiting up to now the southern Moravia and Slovakia only, 
spread continuously as far as the northern Moravia and in 2000 – 2004 was observed in Polabí 
(Janšta et al. 2008). 
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Tab 1: The occurence of mosquito species in Šumava mountains and Polabí region 
 

Region Šumava mountains Polabí region 

Period 1960 - 1962 2000 - 2013 1971 - 2013 

Anopheles maculipennis + + + 

Anopheles messeae + + + 

Anopheles claviger + + + 

Anopheles plumbeus - + - 

Culex pipiens + + + 

Culex territans + - - 

Culex hortensis + - - 

Culiseta annulata + + + 

Culiseta alaskaensis + + - 

Culiseta glaphyroptera + + - 

Culiseta ochroptera + - - 

Aedes cinereus + + + 

Aedes vexans + + + 

Aedes cantans + + + 

Aedes annulipes - - + 

Aedes excrucians + - + 

Aedes flavescens - - + 

Aedes communis + + + 

Aedes punctor + + - 

Aedes pullatus + + - 

Aedes leucomelas - - + 

Aedes cataphylla - - + 

Aedes sticticus - - + 

Aedes geniculatus + + - 

Number of species 18 15 15 
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Změny ve výskytu komárů v současném období 
 

Fauna komárů byla sledována v horské a nížinné oblasti Čech 50, resp. 40 let. Změny druhového složení 
fauny komárů a jejich ekologie ve střední Evropě jsou ukazatelem v současnosti probíhajících změn podnebí a 
jeho oteplování, jak bylo prokázáno dlouhodobým výzkumem této zdravotně významné čeledi dvoukřídlých na 
území Československa (současné České a Slovenské republiky). 
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