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Introduction
The global dispersion of the Zika-virus drew attention 
to the necessity of assessment of the ecology and sea-
sonal activity of mosquito species. Swamps, puddles, 
techno- and dendrotelmata and other aquatic habitats 
are the most frequently studied mosquito breeding 
sites. In contrast, the knowledge about their shelters 
and overwintering habitats is limited. Caves repre-
sent a potential natural shelter of mosquito species. 
Mosquitoes are trogloxenes (or accidentals) in caves, 
since they only use them as shelters but cannot com-
plete their life cycle in this environment. Kjærandsen 
(1993) concluded that most of the trogloxene spe-
cies of Diptera, including mosquitoes, are habitual 

trogloxenes inhabiting caves and cave systems only 
for hibernation. Mosquitoes in caves are prey for 
chiropterans and arachnid species. Trogloxene fauna 
consists of several relatively small, poikilotherm ani-
mals, while female mosquitoes must feed on homoeo-
thermic (warm-blooded) birds and mammals. The 
only frequent trogloxene warm-blooded mammals in 
the temperate region belong to the order Chiroptera 
but they are the predators of mosquitoes in caves. 

In contrast, the balanced temperature and per-
manently humid air and wall of caves provide the op-
portunity of successful overwintering for the imagoes. 
Mosquitoes enter caves to escape the outside unfavour-
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able conditions as low air temperature or dryness and 
the great predation pressure by birds during daylight 
(Ives 1938). Mosquitoes inhabit the caves periodically 
in a certain part of the year. Whang (1961) found that 
the largest number of Culex pipiens L., 1758 mosqui-
toes was collected from culverts and caves where the 
temperature and humidity were higher than in the sur-
rounding environment. Whang (1961) found no larvae 
between November and April around the hibernating 
sites of this species and concluded that the individu-
als hibernate as adults where shelters are available. 
The mean air temperature of caves corresponds to the 
mean annual temperature of a given area. In wide ar-
eas of the temperate zone, ambient temperature can be 
too low for the full development of mosquito species. 
Whang (1961) found that while in the coldest months 
the average temperature was below the freezing point, 
temperatures in the main hibernating sites (including 
caves) were usually above 0°C. The difference between 
the temperatures of cave habitats and the ambient envi-
ronment could be even 12-13°C.

Mosquitoes, in general, can be found in the par-
ahypogean region (‘twilight zone’) of caves, but ac-
cording to the ambient conditions, they can change 
their position. Buffington (1972) observed an ex-
tensive movement of Cx. pipiens populations even 
during midwinter, concluding that the changes of air 
current directions may have a significant effect on 
the movement of mosquitoes on the cave wall. The 
females of Culex pipiens pallens Coquillett, 1898 
can be found only near the entrance in summer but in 
the deeper parts of the cave in winter (Shimogama & 
Takatsuki 1967). Küchlein & Ringelberg (1964) 
observed that Cx. pipiens mosquitoes can be found 
in the twilight zone in the cold period of January, 
mainly on the side opposite to the entrance of the 
cave. They found that the zone maxima in the distri-
bution of the mosquitoes coincided with the decreas-
ing light intensity in the twilight zone. The twilight 
zone is characterised by minor temperature fluctua-
tions in conjunction with weather changes of the am-
bient environment, minimal plant life (mainly green 
algae and cyanobacteria) and less light.

Our aim was to study the diversity, seasonal 
abundance, gender ratio and the vector status of 
mosquito imagoes collected from 19 caves in the 
Bakony-Balaton Region, Hungary.

Materials and Methods
Geological and Geographical Setting
The Bakony Mountains and the Balaton Uplands are 
the parts of the Transdanubian Mountain Range situat-
ed on the ALCAPA megaunit which has African origin 

(Csontos & Nagymarosy 1998, Márton & Fodor 
2003). These mountain ranges are mainly built-up 
Mesozoic carbonates, although Tertiary volcanites and 
non-volcanic Miocene sediments can also be found 
in the area (Németh & Martin 1999). Several types 
of opened and covered karst structures occur in the 
Transdanubian Range, including paleokarst structures 
that have been mainly formed on Mesozoic carbonates 
(Bolner-Takács 1999, Trájer et al. 2015, Veress 
2009). Basalt-covered karst is also known in the 
Bakony Mountains (Móga & Németh 2005).

Mosquito Data
The mosquito data were obtained from the monogra-
phy of Tóth (2006), the most detailed collection of 
mosqito occurrence in the region. Mosquito imagoes 
were collected between 1973 and 1999 by several au-
thors. In some caves trappings were performed more 
than once. The number of the collected individuals 
were sorted by 1) species, 2) the time of collection 
and 3) the gender of the collected individuals.

The definition of the term ‘cave’ in Hungary 
is the following: ‘a natural cavity whose longitu-
dinal axis exceeds 2 meters in length, allowing the 
penetration of a man, and it has been formed in 
the firm rock of the Earth’s crust.’ The trogloxene 
mosquito fauna of 19 caves was studied. The syno-
nym names used in the monograph and the official 
names were also indicated in the following list: Alba 
Regia Cave (Isztimér; 1), Bújó lik Cave (Ajka; 2), 
Forrás Cave=Forrás Cave of Tihany (Tihany; 3), 
Hajszabarnai Cave=Hajszabarnai Pénz lik Cave 
(Bakonyjákó; 4), Kecske lyuk Cave=Cseszneki 
sziklaodú Cave (Csesznek; 5), Kőpince Cave=Cuha 
valley No. 2. Cave (Bakonyszentlászló=Bakon
yszentkirály; 6), Kőmosó Cave=Csesznek Cave 
(Csesznek; 7), Lóczy Cave (Balatonfüred; 8), 
Macska lik Cave (Nagyvázsony; 9), Magos hegy 
Cave (Dudar; 10), Nagy Pénz lik Cave (Bakonybél; 
11), Odvas Kő Cave (Bakonyszücs; 12), Ördög lik 
Cave=Ördög lik Cave of Kőris Mt. (Bakonyszücs; 
13), Pokol lik Cave (Ajka; 14), Pörgöl Cave=Száraz 
Gerence Cave (Bakonyszücs; 15), Pula Basalt Cave 
(Pula; 16), Lake Cave of Tapolca (Tapolca; 17), Tilos 
erdő Cave (Pénzesgyőr; 18) and Tűzköves hegy 
Cave (Szentgál; 19). The numbers after the settle-
ment names are the sequence numbers of the caves 
used in the study. Hereinafter, the recently used of-
ficinal names of the caves are used (Fig. 1).

Climate Data
Mean monthly ambient temperature and precipita-
tion values of the period 1973-1999 were obtained 
from the 0.25° resolution E-OBS climate model 



Diversity, Seasonal Abundance and Potential Vector Status of the Cave-dwelling Mosquitoes...

249

(Haylock et al. 2008) according to the covering 
grid of 17.25° to 18.25° and 46.75° to 47.50°. Mean 
monthly values were averaged.

West Nile Fever Data
The countrywide case number data of the West 
Nile fever were collated from the periodicals of 
the Hungarian National Epidemiological and 
Surveillance System (Epinfo 1-2). The monthly 
sums of the numbers of West-Nile-fever cases were 

converted into percentage of the total case number 
for the period.

Aridity Index
Aridity has a negative effect on the reproduction and 
activity of mosquito species. For the characterisation 
of the level of aridity, which is correspondent to both 
the air and soil aridity level, the Thornthwaite agro-
meteorological index (TAI) was employed (Sábitz 
2014):

Table 1. The presence/absence table of the collected mosquito material of the caves according to the data of Tóth 
(2006).

No. Cave
An. 

maculi-
pennis

An. 
messeae

Cs. an-
nulata

Cx. hort-
ensis

Cx.
pipiens 
pipiens

Cx. 
pipiens 

molestus

Cx. ter-
ritans

Number 
of species

1 Alba Regia Cave x x x 3
2 Bújó lik Cave x 1
3 Forrás Cave of Tihany x x 2
4 Hajszabarnai Pénz lik Cave x x x x 4
5 Cseszneki sziklaodú Cave x 1
6 Cuha valley No. 2. Cave x x x 3
7 Csesznek Cave x x 2
8 Lóczy Cave x x x 3
9 Macska lik Cave x x x 3
10 Magos hegy Cave x x 2
11 Nagy Pénz lyuk Cave x 1
12 Odvas Kő Cave x x 2
13 Ördög lik Cave of Kőris Mt. x x 2
14 Pokol lik cave x x 2
15 Száraz Gerence Cave x x 2
16 Pula Basalt Cave x x 2
17 Lake Cave of Tapolca x x x x 4
18 Tilos erdő Cave x x x 3
19 Tűzköves hegy Cave x x 2

Number of positive sites 3 4 15 2 18 1 1 -

Fig. 1A. The geographical setting of the studied caves in the Bakony-Balaton Region. Fig. 1B. The area of the studied 
region in Hungary (for location and name of the caves, see Table 1).
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Eq.1:

P= monthly precipitation sum
T= monthly mean temperature

Cluster analysis
For the comparison of the caves’ mosquito fauna, 
we used Hierarchical cluster-analysis with a Ward 
method and Principal component analysis run in 
XLSTAT 2016 statistical and forecasting software 
(Addinsoft 2016).

Results
Species composition of the trogloxene mosquito 
fauna
A total of 751 mosquito individuals of seven species 
were collected in the caves of the Bakony-Balaton 
Region in the period 1973-1999. That corresponded 
to only 15.2% of the mosquito fauna of the region 
(46). On average, 2.3 species were found per cave 
(minimum: 1, maximum: 4, median: 2.0, SD: 0.88): 
Culex pipiens pipiens L., 1758 specimens were found 
at 18 sites (94.7% of the caves), Culiseta annulata 
Schrank, 1776 at 15 sites (78.9%) and Anopheles 
messeae Falleroni, 1926 at 4 sites (21.1%; Table 1). 
The other species were found in the following num-
ber of caves: Anopheles maculipenis Meigen, 1818 
at 3 sites (15.8%), Culex hortensis Ficalbi, 1890 at 
2 sites (10.5%) and Culex pipiens molestus Forskal, 
1775 and Culex territans Walker, 1856 known 

from only 1 site (5.3% each). None of the species 
of the genera Aedes, Ochlerotatus, Coquillettidia, 
Orthopodomyia or Uranotaenia were found in the 
caves of the region. Culex pipiens pipiens contribut-
ed 85.22% of the collected material, while the other 
six species altogether reached only 14.78% of the 
mosquito material (Table 2). Cs. annulata was the 
second most frequent trogloxene mosquito species 
of the Bakony-Balaton Region (11.19%). The other 
six species accounted for only 3.6% of the mos-
quito fauna. The frequency of the other collected 
mosquito species were as follows: An. maculipen-
nis (1.46%)>An. messeae (1.20%)>Cx. pipiens mo-
lestus (0.53%)>Cx. hortensis (0.27%)>Cx. territans 
(0.13%; Table 3).

Zoogeography – cluster analysis and principal 
component analysis
The cluster analyses showed similarities between 
the mosquito fauna of Cuha Valley No. 2, Cave (6), 
Lóczy (8) and Pokol lik (14) Caves (group A); Bújó 
lik (2), Cseszneki sziklaodú (5) and Nagy Pénz lik 
(11) Caves (group B); Alba Regia (1), Macska lik 
(9) Caves and Lake Cave of Tapolca (17) (group C); 
Hajszabarnai Pénz lik (4) and Tilos erdő (18) Caves; 
Forrás Cave of Tihany (3) and Csesznek (7), Magos 
hegy (10), Odvas Kő (12), Ördög lik (13), Száraz 
Gerence Caves (15) (group D), Pula Basalt and 
Tűzköves hegy Caves (group E; Fig. 2A).

Based on the Principal component analysis, An. 
maculipennis was the most common element of the 
fauna of caves (6), (8) and (14) (group A). Only one 

Fig. 2A. Cluster analysis for the caves of the Bakony-Balaton Region based on their trogloxene mosquito species 
(for location and name of the caves, see Table 1). Fig. 2B. Principal component analysis for the caves of the Bakony-
Balaton Region based on their trogloxene mosquito species (for location and name of the caves, see Table 1). Dashed 
line indicates the level of significance.
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mosquito species was collected in caves (2), (5) and 
(11) (group B). In Bújó lik Cave (2), only An. mes-
seae (group B1), in the Cseszneki sziklaodú (5) and 
Nagy Pénz lik (11) caves solely Cx. pipiens pipiens 
formed the resident mosquito fauna (group B2). In 
caves (1), (9) and (17), An. messeae, Cx. pipiens 
pipiens and Cs. annulata were recorded (group C). 
The common mosquito fauna elements caves (4) and 
(18) were Cx. hortensis, Cx. pipiens and Cs. annu-
lata (group D). Exclusively Cs. annulata and Cx. 
pipiens pipiens formed the resident mosquito fauna 
of caves (3), (7), (10), (12), (13), (15), Pula Basalt 
and Tűzköves hegy Caves (group E; Fig. 2B).

Seasonal Sex Ratio
Female imagoes formed the major part of the col-
lected mosquitoes. The gender ratio was 0.056 
(♂:♀). Only female individuals of Cx. hortensis, 
Cx. pipiens molestus and Cx. teritans, were collect-
ed, while for An. maculipennis (GR: 0.1), An. mes-
seae (GR: 0.125), Cs. annualata (GR: 0.037) and 
Cx. pipiens pipiens (GR: 0.058) male and female 
individuals were trapped together. Male mosqui-
toes were collected only in the second half of the 
year, while female individuals were collected both 
in the first and the second half of the year. The rela-
tive abundance values of both males and females 
exhibited an increasing trend between August and 
November. The relative number of males of Cx. pip-
iens pipiens started to increase in July, reached its 
maximum in November and males were not found 
later. From July to November, the abundance of fe-
male mosquitoes showed a similar pattern, but fe-

male mosquitoes were continuously collected from 
July to April (Fig. 3A). , The relative number of 
males of Cs. annulata started to increase in October 
and reached a maximum in the same month. Fewer 
males were collected also in November. The abun-
dance of females started to increase from August 
and reached its maximum in November. Female 
mosquitoes were continuously collected from July 
to April (Fig. 3B).

Seasonal Distribution
Trogloxene mosquitoes were collected from July 
to April. The total mosquito number showed an ap-
proximately continuous increasing trend from July to 
November and a decreasing trend from December to 
April. Most of the mosquito specimens were collect-
ed in autumn (61.51%), followed by winter (21.97%) 
and summer (12.11%); in spring were collected only 
4.39% of all mosquitoes. The highest monthly abun-
dance of Cx. pipiens pipiens (24.69%), Cs. annulata 
(40.48%) and An. messeae (88.89%) were observed 
in November (Fig. 4A). Culex pipiens pipiens had the 
highest relative monthly abundance values during the 
entire year. The highest species number of mosquitoes 
was collected in October (five species) and March 
(four species). At average, 2.4 mosquito species were 
collected per month and 2.9 species in those months 
when mosquitoes were present in the caves. No mos-
quito species were collected in May and June (0), the 
maximum was collected in October (five species). 
Four species were collected in both February and 
March. The relative abundance of Cx. pipiens pipiens 
continuously decreased from December to April. The 

Table. 2. The absolute and relative numbers of the collected mosquitoes by species without the most frequent Cx. 
pipiens pipiens.

Species Absolute numbers Percentages of the total (%)

An. maculipennis 10 1.93
An. messeae 5 0.96
Cx. hortensis 2 0.39
Cx. pipiens molestus 4 0.77
Cx. territans 1 0.19
Cs. annulata 59 11.37

Table 3. The frequency of the mosquito species in the different cave groups (A: 6, 8 and 14; B1: 2; B2: 5, 11; C: 1, 9 
and 17; D: 4, 18; E: 3, 7, 10, 12, 13, 15, 16 and 19).

Group
An.  

maculipennis
An.  

messeae
Cs.  

annulata
Cx.  

hortensis
Cx.

pipiens pipiens
Cx.  

pipiens molestus
Cx.

territans
A 1 0 0.33 0 0.66 0 0
B1 0 1 0 0 0 0 0
B2 0 0 0 0 1 0 0
C 0 1 1 0 1 0.33 0
D 0 0 1 1 1 0 0.5
E 0 0 1 0 1 0 0
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relative abundance of Cs. annulata was the highest in 
April (Fig. 4B).

Comparison of Trogloxene and Regional Fauna
The relative abundance of species of the trogloxene 
mosquito fauna differs from the same species’ fre-
quency in the Bakony-Balaton Region. In both cases, 
Cx. pipiens pipiens was the most abundant mosqui-
to, but this mosquito is less dominant in the collected 
material of the region (84.39 vs. 60.21%). The abun-
dance of Cs. annulata of the region is similar to that 
in the trogloxene environment (14.66 vs. 11.37%). 

In contrast, An. maculipennis and Cx. territans are 
more frequent in the region than in the trogloxene 
fauna (1.93 vs. 16.28% and 0.19% vs. 6.25%). Each 
An. messeae and Cx. pipiens molestus contributed 
less to both trogloxene and regional abundance (0.96 
vs. 2.20 and 0.77 vs. 0.10%; Fig. 5).

Coincidence of Climatic and Solar Factors with 
the Seasonal Mosquito Abundance
Mosquitoes disappeared from caves when the month-
ly mean temperature reached the annual mean tem-
perature of the region (about 10°C). The summer re-

Fig. 5. The relative abundance values of the trogloxene fauna compared to the relative values of the same species in 
case of the Bakony-Balaton Region’s according to the data of Tóth (2006).

Fig. 4A. The absolute number of the collected mosquitoes by months. Fig. 4B. The relative abundance of the collected 
mosquito species by months.

Fig. 3A. The relative monthly abundance values (%) of Cx. pipiens pipiens mosquitoes by genders. Fig. 3B. The rela-
tive monthly abundance values (%) of Cs. annulata mosquitoes by genders.
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appearance of Cx. pipiens pipiens and Cs. annulata in 
the caves occurred slightly before the summer thermal 
maximum (July and August). The relative abundance 
of the mosquitoes in the caves started to increase rap-
idly when the monthly mean temperature dropped 
below the annual mean (Fig. 6A). The Thornthwaite 
agrometeorological index (TAI) exhibited a roughly 
bimodal annual run, with a greater late autumn-early 
winter and a smaller early summer peak. The relative 
abundance of Cx. pipiens pipiens and Cs. annulata 
started to increase in July, when the TAI showed its 
annual second minimum. During the summer precipi-
tation and the consequent TAI maximum, mosquitoes 
were not collected in the studied caves. From July to 
November, the increase of the mosquito abundance 
coincided with the parallel increase of TAI. Mosquito 
abundance reached its maximum in November when 
TAI was almost the highest (Fig. 6B). 

Potential Vector Status of Cave-Dwelling 
Mosquitoes
Weighting the number of trapped trogloxene mos-
quitoes with their vector status (yes/no), the follow-
ing results were found: potential vectors of the avian 

Plasmodium species - 96.94%; Dirofilaria immitis 
Leidy, 1856 - 85.75%; Myxoma virus - 13.85%; 
non-avian Plasmodium species, Francisella tula-
rensis (McCoy & Chapin, 1912) Dorofe’ev, 1947 
and the pathogens of filariasis - 2.66-2.66-2.66%; 
Batai, Tahyna and West Nile fever virus – 3.19-3.19-

Fig. 6A. The annual relative abundance of Cx. pipiens pipiens and Cs. annulata, the monthly mean temperature of 
1973-1999 and the mean annual temperature. Fig. 6B. The annual relative abundance of Cx. pipiens pipiens and Cs. 
annulata and the monthly mean TAI values of 1973-1999.

Fig. 7. Comparison of the abundance of active (sesonal%) 
and diapausing (cave%) Cx. pipiens pipiens mosquitoes in 
the Bakony-Balaton Region with the seasonal abundance 
of the species and the countrywide monthly percentage of 
observed WNF cases in Hungary in 2004-2015.

Table 4. The potentially transmitted pathogens (Pla: non-avian Plasmodium species, BATV: Batai virus, TAHV: 
Tahyna virus , WNV: West Nile fever virus, Myx : Myxoma virus, Fil: filiaria species, Fra: Francisella tularensis, av-
Pla: avian Plasmodium secies, Dir: Dirofilaria immitis, Sin: Sindbis virus (Joubert et al. 1967, Jöst et al. 2011, Lvov 
et al. 2004, Hubálek 2008; Hubálek et al. 2008, Kenyeres & Tóth 2008, Tatlor et al. 1955, Zittra et al. 2015).

Species Pla BATV TAHV WNV Myx Fil Fra avPla Dir Sin
An. maculipennis + + + + + + + - - -
An. messeae + + + + + + + - - -
Cx. hortensis - - - - - - - - - -
Cx. pipiens pipiens - - - - - - - + + -
Cx. pipiens molestus - + + + - - - + + +
Cx. territans - - - - - - - - - -
Cs. annulata - - - - + - - + - -
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3.19%, and Sindbis virus – 0.53% of the collected 
mosquito individuals, respectively (Table 4).

The season of Cx. pipiens pipiens in the 
Bakony-Balaton Region, the most important vec-
tor of the West Nile fever in Hungary, starts about 
a month after the end of the winter diapause. The 
annual maximum of number of cases of the human 
West Nile fever was observed in September, one 
month after the annual maximum abundance of Cx. 
pipiens pipiens at a county level. Although humans 
are only the “dead-end”hosts of the virus, human 
cases indicate the main period when mosquitoes can 
transmit the virus. The infected mosquitoes, which 
started their diapause in the autumn months, could 
be the potential vectors of the West Nile fever in the 
next year (Fig. 7).

Discussion
It is somewhat surprising that only seven mosqui-
to species were collected from October to March 
in caves of the Bakony-Balaton Region, since 19 
mosquito species can overwinter in imago stage in 
Hungary: 9 Culex, 5 Culiseta, 4 Anopheles and 1 
Uranotaenia species (Kenyeres & Tóth 2008). All 
these 19 species were collected from epigean habitats 
in the region. The four most abundant species were: 
Cx. pipiens pipiens, Cs. annulata, An. maculipennis 
and An. messeae. Minár & Ryba (1971) found simi-
lar trogloxene mosquito composition in Moravia 
describing the presence of Cx. pipiens pipiens, Cs. 
annulata and An. messeae from the studied caves. 
Culex pipiens pipiens and its close relatives are com-
mon trogloxene elements in the temperate areas of 
the world as it was observed in Japan (Shimogama 
& Takatsuki 1967), in the Czech Republic (Minár 
& Hájková 1966) or in the caves of South Korea 
(Whang 1961). It often co-occurs in caves with Cs. 
annulata (Minár & Hájková 1966).

None of the members of the genera Aedes and 
the diverse Ochlerotatus, occurring in the Bakony-
Balaton Region, were found in the studied caves. 
This can be explained by the different overwintering 
strategies of the various mosquito genera. Most of 
the Aedes and Ochlerotatus species in the temperate 
zone hibernate in the egg-stage (Becker et al. 2010) 
and start their development in spring: after the eggs 
are flooded several times, hatching is induced. Only 
a few species of Aedes and Ochlerotatus overwinter 
in larval stage (Vinogradova 1969). Based on the 
above-mentioned conditions, adults of the species 
of these two genera are not expected to be recorded 
in the caves. Only Eszterhás (1996) has mentioned 
the presence of Aedes vexans Meigen, 1830 and 

of Cx. pipiens in the former Kádárta Spring Cave 
(Veszprém), however, without the number of the 
collected individuals and the exact date of collec-
tion. Unfortunately, the survey cannot be repeated 
because the cave has been crowded.

A clear increasing trend of mosquito abun-
dance has been observed in October and November, 
which is the main period of entry (Gazave 2001). 
Shimogama & Takatsuki (1967) have described 
somewhat similar seasonal patterns for the troglox-
ene Cx. pipiens pallens, which is a close Asian rela-
tive of Cx. pipiens pipiens and Cx. pipiens molestus. 
They found that the number of females of Cx. pipi-
ens pallens was scarce in summer and increased rap-
idly in November, reaching its maximum in caves 
in December. In Japan, the abundance of this spe-
cies decreased sharply in February. Theoretically, 
high predation pressure could be a potential rea-
son of the low mosquito diversity. In the caves of 
the Bakony-Balaton Region, 14 Chiroptera species 
can be found. The most common bats are Myotis 
myotis Borkhausen, 1797 and Myotis oxygnathus 
Monticelli, 1885. We found that the mosquito abun-
dance started to decrease rapidly after December 
and reached its absolute minimum in May and June. 
In this period of the year, mosquitos were not col-
lected in the caves. Most of the Chiroptera species 
in the temperate regions retreat to caves in winter 
and hibernate for several months (Fenton & Brock 
2001), imposing predation pressure during the pre-
hibernation period in caves. On the other hand, ar-
thropod predators, especially spiders also use caves 
as habitats. 

Still, it is unlikely that bat foraging activity 
could explain the observed annual abundance pat-
terns of mosquitoes in caves. Mosquitoes form a mi-
nor (or even negligible) part of the bat diet. A wide 
variety of nocturnal insects serve as food resourc-
es for bats, such as moths (Lepidoptera), beetles 
(Coleoptera), lacewings (Planipennia), caddisflies 
(Trichoptera), mayflies (Ephemeroptera) and midg-
es (Chironomidae), with moths being the major part 
of the bats’ diet (Becker et al. 2010, Gonsalves et 
al. 2013). The absence of the main mosquito spe-
cies Cx. pipiens pipiens could be explained with its 
life cycle, rather than with predation. In all mosquito 
species, including Cx. pipiens pipiens, overwinter-
ing as hibernating females, the imagoes that man-
age to survive the winter abandon their shelters to 
lay eggs and die soon after. During the spring period 
with lower temperatures, it takes about a month for 
the larvae to complete their development and for the 
first generation of adults to emerge. For Cx. pipiens 
pipiens this happens approximately in the observed 
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months. 
The disappearance of the mosquitoes from 

the caves and the rising temperature in spring co-
incidenced. When the mean monthly temperature 
reached the annual mean temperature of the re-
gion in April, mosquitoes left the caves and started 
to quest blood meal in the ambient environment. 
According to Minár & Ryba (1971), the emergence 
of mosquitoes from overwintering sites can be ob-
served when the temperature in the shelter is 8°C 
for Cx. pipiens and 8-12°C for Cs. annulata. They 
commonly occur together in the Czech Republic 
and Hungary, in the turn of March and April. The 
wet and warm weather in May and June favours the 
activity and reproduction of mosquitoes. After the 
summer solstice in mid-summer, the aridity index 
dropped below to a certain value (about 2.0 in TAI) 
and the mosquitoes visited the caves again in order 
to avoid the summer atmospheric drought. Parallel 
to the summer drought, the most important breed-
ing sites of mosquitoes, such as small-water habi-
tats (puddles, different natural- and technotelmata), 
started to dry out. We found that when the ambient 
monthly mean temperature dropped below 10°C, the 
mosquito abundance in the caves increased rapidly. 
Our results confirmed to the observations of Minár 
& Ryba (1971) who found that suitable overwinter-
ing sites for females of Cx. pipiens were cellars with 
temperatures of 0-8°C. For Cs. annulata the ideal air 
temperature during the winter diapause is between 7 
to 8°C (Minár & Ryba 1971). It appears that male 
mosquitoes do not survive the winter solstice. 

Male/female gender ratio was very low dur-
ing the entire year. Male mosquitoes were not found 
after December and were absent in the first half of 
the year. It means that there were no overwintering 
male mosquitoes in the caves. This is a well-known 
fact for mosquitoes that overwinter in the adult 
stage. Male mosquitoes do not suck blood and are 
unable to form enough fatty reserves to survive the 
winter. Moreover, the lifespan of males is usually 
shorter than that of the females of the same genera-
tion. Shimogama & Takatsuki (1967) found that 
all the male Cx. pipiens pallens mosquitoes stayed 
close to the entrance in summer and none of them 
penetrated beyond the middle section of the caves. 
They also found that while the total number of males 
was small during the entire year, the abundance of 
males was very low from February to April and be-
gan to rise only in May. In contrast, during the cold 
period, females penetrated the deeper zones of the 
caves. They concluded that this behaviour could be 
the main cause of the very low survival rate of male 
mosquitoes in winter. In another study (Ives 1938), 

most individuals of Culex spp. were collected in the 
twilight zone in the caves, none having penetrated 
darker parts even in winter.

Anopheles maculipennis, An. messeae, Cs. an-
nulata and Cx. pipiens molestus mainly feed on 
mammals, while Cx. hortensis and Cx. pipiens pipi-
ens prefer the blood of birds. Culex territans prefers 
to feed mainly on blood of amphibians (Kenyeres 
& Tóth 2008). Although An. maculipennis and An. 
messeae are the front-line potential vectors of human 
Plasmodium species, infective malaria mosquitoes 
that survive the winter are no longer infective in the 
following spring. Sporozoites in their salivary glands 
are not able to survive for more than 40 days at low 
temperatures, therefore the females are free of para-
sites by the time they abandon their winter shelters 
(WHO 2010). The early onset of the malaria season 
in European countries, formerly epidemiologically 
endemic for malaria, was due to cases with long incu-
bation period or relapses (Lysenko et al. 2003). The 
species of the Anopheles maculipennis complex, in-
cluding An. maculipennis and An. messeae, can also 
transmit the West Nile fever virus, but these mosqui-
toes are not the chief vectors of the pathogen. 

Persistence in overwintering Culex mosqui-
toes may be important in the maintenance of the 
West Nile fever virus because the virus was isolated 
from overwintering Cx. pipiens (Nasci et al. 2001). 
Farajollahi et al. (2005) detected the West Nile 
fever viral RNA from an overwintering pool of Cx. 
pipens pipiens material concluding that the mode of 
infection of overwintering females may have been 
due to transgenerational transmission. Reisen et al. 
(2006) hypothesised that the West Nile virus can 
survive winters by continued enzootic transmis-
sion, vertical transmission by Culex mosquitoes or 
due to the chronic infection of birds. Goddard et 
al. (2003) concluded that mosquitoes infected ver-
tically during autumn, could potentially serve as a 
mechanism for the West Nile fever virus to over-
winter and initiate horizontal transmission the fol-
lowing vegetation period. 

Discussing the vector status of the mosquitoes, 
it can be concluded that caves are the major habi-
tats of mosquitoes that are vectors of non-human 
pathogens or pathogens that rarely cause human 
infections like D. immitis. The winter transmission 
of infections to humans such as malaria is very un-
likely. Mosquitoes preparing for hibernation di-
gest the blood to form fatty reserves for the winter 
without producing eggs at the same time, which is 
known as “gonotrophic dissociation”. Only females 
of some species within the Anopheles maculipennis 
complex that do not enter complete hibernation can 
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take occasional blood meals during winter to with-
stand the prolonged periods of starvation (Becker 
et al. 2010). For example, in Korea, Whang (1961) 
found that An. sinensis Wiedemann, 1828 and An. 
sineroides Yamada, 1924 hibernate as adults in win-
ter. Since these anophelines hibernating in cow sta-
bles were all fed, it was concluded that in caves they 
could feed in the cold period.

A wide overlapping period was found in the 
second half of the vegetation season when Cx. pipi-
ens pipiens mosquitoes are both active and start their 
diapause in caves in the Bakony-Balaton region. 
Furthermore, from August to the end of autumn 
they can transmit the West Nile virus to humans in 
Hungary. It is assumed that the observed monthly 
abundance of Cx. pipiens pipiens, the bridge vector 
of the West Nile fever virus, in caves can be used as 
the diapause model of the species in artificial, non-
heated environments as cellars, mines, stacks and 
basements. Although the Bakony-Balaton Region 
is only a part of Hungary, due to the relatively ho-
mogenous topographical and climatic circumstances 
the observed seasonal abundance patterns of the 
mosquito can be used in the modelling of the ecore-
gional seasonality of Cx. pipiens pipiens. In summer 
and autumn, the West Nile fever viruses circulate 
in bird and Culex populations. Humans and other 
mammals are only the “dead-end” hosts of the vi-
rus (Kilpatrick et al. 2007). The season of the hu-
man West Nile fever infections coincides with the 
re-appearance of diapausing mosquitoes in caves. In 
the case of the West Nile fever transmission, in ad-
dition to the exoanthropic cycle, a synanthropic cy-
cle also exists (Savage et al. 1999, Tsai et al. 1998). 
In lowland areas (e.g. in major river basins) where 
large mosquito populations exist due to the lack of 
rocks, natural caves are missing. In contrast, cellars, 
unheated rooms, garages and outbuildings could 
provide somewhat similar conditions in winter as 
the natural caves in the mountainous areas. Since 
surviving female mosquitoes can be the hosts of the 
West Nile fever, the study of the seasonal coinci-
dence of diapausing, host-seeker mosquitoes and the 
West Nile fever cases can provide some information 
about the probability of the survival of the virus in 
winter even in the lowland areas.

Conclusions
Culex pipiens pipiens and Cs.annulata are the most 
abundant trogloxene mosquito species in the Bakony-
Balaton Region of Hungary. Caves are one of the po-
tential overwintering habitats of their females. The 
presence of mosquitoes in the caves is the conse-

quence of several factors as temperature, aridity and 
the length of the days. These environmental factors 
play key role in the determination of the presence of 
the mosquitoes in caves in the different seasons of 
the year. Based on the abundance and vector status 
of the mosquitoes, the recent trogloxene fauna have 
rather veterinary than human medical importance in 
Hungary. The seasonality in and out of the caves and 
the cave-like artificial environments of Cx. pipiens 
pipiens could allow the vertical transmission of the 
West Nile fever virus in overwintering mosquitoes 
in Hungary.
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