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In the region of Szigetköz (North-West Hungary) mosquito larvae were regularly collected at 64 sites
in 16 villages of 4 districts every week between 1–30 September, 1999. As a result we identified the larvae of
19 mosquito species, among them 93.68% were Aedes vexans Meig. and 5.11% were Culex pipiens pipiens L.
The numbers of the mosquito larvae to be collected at site proves the heterogenity of the biotops in the districts.
We collected 5718 larvae in district I, 2401 larvae in district II, 1170 in district III, 232 344 in district IV. District
IV reflects the effect of the Danube floods i.e. the flood area was overflown with perched water and the water
temperatures often rose above 30 °C. These factors contributed to the dominance of Aedes vexans. Regular
inspections, the knowledge of the species and the identification of the larvae development enabled us to set the
date of optimal biological protection.
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The species of the sub-family of biting mosquitoes are vexatious and their blood
sucking activity causes human indisposition. They are especially unpleasant and irritating
from May to October. They find humans, warm-blooded animals, reptiles and amphibia
with the help of their well-developed optical, chemical, maybe heat and moisture sensor-
ing organs. They are to be found everywhere, like houses, restaurants, nature, we meet
them if we walk or go on holiday, go wandering, working or hunting, fishing and doing
any other activities. Some of their species spread the pathogens of serious diseases
(Lôrincz and Mihályi, 1937a; 1937b; 1938; Makara and Mihályi, 1943; Mihályi, 1955;
Günther et al., 1970).

Mosquitoes may occasionally occur in such high numbers that they make almost
any human activity impossible. It very often happens in Lapland, Alaska, Greenland and
Siberia. People can hide from them in case they fully cover their bodies as mosquitoes
are able to fly into body openings (mouth, ears, nose) easily (Günther et al., 1970).

Mosquitoes are to be found everywhere on Earth. 2500 species could have been
identified and classified so far and not all of them are blood suckers. Most of the species
live under hot climate conditions. The most densely habitated areas are in Africa,
Southern Europe, Middle and South America (Günther et al., 1970).

Among the fully developed insects the female mosquitoes feed on blood, though
they eat the nectars of the flowers as well. Among human blood-suckers the biting
mosquitoes (Aedes vexans Meig., A. cantans Meig., A. caspius Pall., A dorsalis Meig., A.
flavescens Müll., A. sticticus Meig.), the common gnat (Culex modestus Fic., C. pipiens
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pipiens L.) the marsh gnat (as it is called in Hungary), (Mansonia richiardii Fic.) species
have an important role (Fászl, 1878; Kertész, 1904; Makara and Székely, 1940; Mihályi,
1941; 1959; Mihályi et al., 1952a; 1952b; 1953a; 1953b; 1954; 1956; Mihályi and
Sztankay-Gulyás, 1963; Kecskeméti and Tóth, 1981; Mihályi and Zoltay, 1956; Tóth,
1979; 1991; Tóth and Sáringer, 1997).

Mosquitoes go through full metamorphose, they lay their eggs on water, on wet
ground or plants, respectively. The eggs of Anopheles species float on the water surface
in rafts or individually and have exochorion with air chambers. Culex, Theobaldia and
Mansonia genera lay their eggs in rafts on water surfaces. Aedes and some Theobaldia
species lay their eggs one by one on wet ground or plants and are able to survive for long
months and will hatch after having been overflowed and if the water temperature is
favourable for the species. The larvae of the species laying eggs on the water surface
hatch after 2–3 days of embryonic stage (Mihályi and Sztankay-Gulyás, 1963).

Hatched larvae fully develop in 5–10 days (Aedes), or in 6–10 months (Theobaldia,
Mansonia) depending basically on the water temperatures. Their jaws are covered with
brush like hair, which enables them to keep water moving and to filter their food from the
water, which contains tiny animal and plant organisms. Larvae can develop only in water.
The most suitable habitats are stagnant or slowly floating waters, marsh waters, rainwater
containers, cisterns, puddles in cellars, tree holes filled with water, etc. Mosquitoes
cannot stand floating or rippling waters therefore they cannot breed in rivers, large open
waters or in lakes but in very small numbers (Mihályi and Sztankay-Gulyás, 1963;
Günther et al., 1970).

The horse-shoe shaped pupae are very vivid and rush away in case the water
surface reflects a shadow or if it vibrates (Mihályi and Sztankay-Gulyás, 1963).

The species overwinter in different stages according to the species characteristics.
Most Aedes species overwinter as eggs, at a very small rate as larvae. Anopheles bifurcatus
and Theobaldia morsitans overwinter as larvae. There are some species like Anopheles
maculipennis and Culex pipiens pipiens of which fertilised females overwinter. It is not
known whether some species may overwinter at pupae stage (Mihályi, 1955; Günther 
et al., 1970).

We can expect different mosquito swarming according to their conditions after
overwintering. So the order of swarming species follows the overwintering scheme i.e.:
larvae, imagoes or eggs. Species overwintering at the stage of imago are less important
within the mosquito population in our country, so we should focus on species overwinter-
ing at the stage of eggs or larvae (Kuroli, 1999). 

Under our present circumstances the only way of preventing or avoiding the un-
pleasant conditions for humans and animals caused by these species is either to destroy
them or to decrease the number of the species within the population (Sáringer, 1980;
1983a; 1983b; 1988). Carrying out treatments in the course of protection effectively
requires a very precise site mapping of the territories. Further it requires the detection of
their biotope, the determination of their roles in the very territory, the proportion of the
species in the population, the features of their development and the possible numbers of
generations, which differ from species to species (Kuroli, 1999). Priority should be given
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to biological control among the available ones (Becker, 1986; Erôss, 1988; Entwistle et al.,
1993; Sáringer et al., 1998). They can be applied especially effectively in spring (April and
May) and in autumn. During the year insecticides should be applied which give the most
possible protection to the other mosquito species living in the same biotop, but adjusted to
the peak swarming period of the blood-sucking species (Kölüs and Tóth, 1979; Tóth,
1979; 1996; Sáringer et al., 1984). The effect of Bacillus sphaericus and B. thuringiensis
applied against the larvae of Culiseta longiareolata Macq. proved to be more significant if
the concentration and the temperature was increased (Katheb-Bader et al., 1999).

It was also proved by investigations that, Alsystin 48 EC containing triflumuron,
which inhibits chitin synthesis, destroys the young, freshly shed larvae of Culex pipiens
pipiens and elongates their developing period. 74–87% of the treated larvae could not
transform into imago (Rehimi and Soltani, 1999).

In Sopron the bio-preparation containing Bacillus thuringiensis var. israelensis
was applied with an efficiency of 78.85 % in June and 80.37% in August. The agent killed
83–84% of the mosquito larvae, which were put into an isolator (Kuroli, 1999).

Materials and Methods

We marked out the places of the future site mappings for the breeding period of
1999 (1st April – 30th September), after a discussion with the consignees, the mayors or
the representatives of the villages. We also used the topographical maps of the related
administrations in Szigetköz for the final marking out the sites. During this activity we
kept us to the basic concept and applied site mapping in 4 administration areas of 16
villages. Altogether 64 sites were marked out, where data were collected regularly every
week at fixed times.

Marking out the sites we took professional aspects into consideration with special
care for ecological differences as they influence the development and change in the
numbers of mosquito larvae. Therefore we evaluated the role of the habitat and biotope and
that of the lakes, rivers, gravel pits filled with water and areas temporarily waterlogged
owing to floods.

Considering the above-mentioned aspects 4 villages were marked out in 4 districts:

District I Mosonmagyaróvár
Halászi
Máriakálnok
Dunasziget

District II Püski
Kisbodak
Dunaremete
Lipót

District III Hédervár
Kimle
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Mecsér
Ásványráró

District IV Vámosszabadi
Nagybajcs
Kisbajcs-Szôgye
Vének

Site mapping was carried out on 64 sites once on a fixed day per week from 1st
April to 30th September, 1999. For sampling we used dipping nets stretched on a circular
frame. Larvae caught in 4–5 dipping were put into a container. The samples were then
labelled according to place of origin and date for the sake of proper evaluation. This
method enabled us to clearly distinct the collected data according to habitat and biotope
and to make conclusions that reflect real natural processes.

Samples were prepared in the laboratory of the University’s Plant Protection
Department. The mosquito larvae and pupae were selected from the mixed samples with
the help of a magnifier. The selected samples were then preserved in phials filled with
alcohol of 75%. The data were recorded on tags and put together with the larvae and
pupae into the phials, which were sent to Zirc, where Dr. Tóth, S., a mosquito specialist,
identified the species. The identification was carried out according to the systematic
works listed in the reference literature. As a result of the identifications we got into the
procession of data, which proved evidence for the occurrence of the species, their domi-
nance relations seasonally, changes in their numbers and for the evaluation of different
biotope and habitats. 

Absolute data on collected larvae were summarised in tables and the proportion of
the species groups, the dominance of the species and the seasonality of their occurrence
was represented in diagrams (Figs. 4, 5, 6).

Evidence and conclusions can be made for timing the biological control, the
gradation of imago swarming to be expected and for setting the optimal date of the air
control based on the information about the living environment, the climate (rainfall and
temperature) and the data of collections (Fig. 7).
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Fig. 4. Dominance relations of mosquito genera living in Szigetköz (given in %)
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Fig. 5. Numbers of mosquito larvae collected in site mappings in the inspected areas

Fig. 6. Dominance relations of mosquito genera living in the districts (given in%)
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Results and Discussion 

Tables 1–5 contain the data on samples collected every week in site mapping in the
region of Szigetköz. Table 1 contains the total data on mosquito species representing the
total area of Szigetköz. Tables 2–5 contain data on the districts (I–IV). 

Total data show that Aedes vexans dominated among the species being present. It
was to be observed throughout the breeding period set for site mapping. The other Aedes
species were present in smaller numbers and mainly in the first part of the breeding period.
Their occurrence seemed to be sporadic during the year except for the larvae of Aedes
sticticus, which were collected in the middle of the breeding period.

Culex pipiens pipiens clearly dominated among the Culex species being conti-
nuously present from 19 April (Table 1) together with Culex territans but in substantially
smaller numbers. The numbers of Culiseta annulata was almost the same as that of Culex
territans.

It is remarkable that the species of Anopheles maculipennis were to be observed
throughout the breeding season and in even numbers in the biotope.

Table 1 shows well that Aedes vexans was present in the largest numbers between
17–23 May and later on between 19–25 July but in smaller numbers in flooded areas. The
outraging high numbers prove that the effect of the floods in Austria increased the water
level even in the flood area, i.e. outside the Danube dam the shallow meadow was over-
flowed by 60–80 cm of water. As a result larvae hatched from all viable eggs in large
numbers. Though the water covered the fields for a short period it was long enough for the
larvae to develop and to transform into pupae and reach the imago stage. The fields were
waterlogged only for a week from 19–25 July, which was long enough for an undisturbed
development rhythm being necessary for the transformation into pupae. All this happened
because the water temperature basically determines the rapidity of the development and
the time needed. The temperatures of these stagnant waters reached or even exceeded 
30 °C in this period.

Data in Tables 2–5 prove that not every surface waters is suitable for larvae
developing in large numbers. The total fauna of the species collected at site, confirm their
presence during the whole breeding season, but proportional data reflect main differen-
ces. Therefore the dominance of Culex pipiens pipiens and the regular appearance of
Anopheles maculipennis in the districts I–II was confirmed, too. It also proves that Aedes
vexans and the other Aedes species can be found in smaller numbers in these territories,
further it proves that they can only dominate in numbers if the ground surfaces are
temporarily covered with water (waterlogged) because these species lay their eggs on the
ground. In district III there were mosquitoes to be found from species representing Aedes
vexans and Culex pipiens pipiens. The fauna of Anopheles maculipennis was to be
regarded very remarkable in this district. In district IV the numbers of Culex pipiens
pipiens was synchronous with the data coming from the other districts, which are valid
for the change in the numbers of mosquitoes. We should mention Aedes vexans, which
appeared in unusually large numbers. This is confirmed by the data on the period of 17th
May – 6th June (Table 5).
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Peak numbers were to observe between 17th–23th May, which was especially high.
There were 220,188 larvae collected in this period. Figure 1 represents the larvae density
at the habitats. Heavy rainfalls, followed by a flood contributed to the rapid increase in the
numbers of larvae, when the fields outside the dam were overflowed. The hatched larvae

developed very quickly, which was also confirmed by continuously falling numbers of
mosquitoes. After the flood receded the conditions of larvae development ceased to exist.
Figure 2 shows a flood area with trees, though the area dried out completely, the flood level
was to be seen on the trunks of the trees. Further evidence can be seen in Fig. 3, which
shows a continuous receding leaving stagnant puddles here and there from time to time and
they ensure favourable breeding conditions for mosquitoes. A new, but smaller-size
flooding in district IV enabled the larvae to develop between 12th–18th July. During this
second flooding, which lasted only one week, smaller territories were overflowed. Aedes
vexans developed synchronously in district III and IV, but in the latter one the site offered
breeding conditions for one more week, so the peak numbers of the larvae fell on the period
of 19th–25th July. The permanent overflowing in Szigetköz ensured the conditions of a
biotope throughout the year. From time to time puddles or ponds with stagnant water form
and offer excellent breeding conditions. Studying this phenomena might contribute to
settling and carrying out a comprehensive “mosquito control programme” in Szigetköz.
The differences from other biotope are related to the special geological capabilities of
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Fig. 1. Mosquito larvae living in large numbers at the breeding sites
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Fig. 2. Dried territories after the flood receded

Fig. 3. Stagnant waters after the flood receded



Szigetköz, i.e. there are some hundred meters pebble layers (200–600 m) beneath the
surface, which help to develop stagnant water tables depending on the water level of the
Danube for shorter or longer periods of time. Stagnant waters are habitats which ensure
breeding conditions for the development of mosquito larvae (e.g. Aedes vexans) during a
short period but of course always depending on water temperatures. We should also
mention that in the course of site mapping we found areas which were overflowed only for
2–3 days. It is especially important, because the development of embryos starts under the
seemingly favourable conditions, but if the conditions cease to exist their development will
not finish and the embryos or maybe the hatched larvae will die.

After the identification of the mosquito larvae collected at 64 sites Aedes species
were to be found in the largest numbers and Aedes vexans dominated (94.04%) among
them. Culex pipiens pipiens was dominating among the Culex species sharing 5.36% of
the larvae population. The species Anopheles, Chaoborus and Culiseta species had a very
low share in the mosquito population. Concerning public health aspects the occurrence of
Anopheles maculipennis cannot be left out of account (Fig. 4).

The mosquitoes collected at the sites greatly differed in numbers as a result of
different biotope conditions (Fig. 5). In the future one has to consider the conditions of
habitats, which the development of mosquito larvae is bound to. Therefore it is inevitable
to study the surface waters (rivers, creeks, canals, gravel pits, ground water, temporarily
waterlogged fields, etc.) and to explore the permanent and temporary habitats. Air mapping
and inspection of the relevant territories would greatly help in solving the task. Based on
the results of the year 1999 and considering the data in Fig. 5, we may conclude that
district IV offered the most favourable conditions with regard to habitats. The number of
larvae collected in this district (IV) amounted 232,344, which give an evidence. There
were 5,718 larvae in district I, 2,401 larvae in district II, and 11,070 larvae in district III
collected and identified.

The distribution of the larvae species was different in the districts. In districts I and
II the species Culex dominated by 82.20% and 92.96%, respectively, in the population.
In districts III and IV Aedes species dominated by 70.04% and 98.10%, respectively (Fig. 6).
These data confirm the fact, when the territories are under water (waterlogged), where the
Aedes species laid their eggs before, mosquito larvae would hatch in large numbers 
and a temporary mosquito invasion would start following an imago swarming initiated by
a flood.  

Data collected every week were compared with the data on the development of rain-
fall and mid-summer temperatures. Figure 7 represents the numbers of mosquitoes calculat-
ed on logarithm values. Logarithm was used because of the differences in the numbers and
for the sake of better representation. The amount of rainfalls in April–May and June–July
favourably influenced the breeding conditions at the sites. Of course, we should evaluate
them together with the overflowing. The common effect of both facts helped us to collect
the largest numbers of larvae between 17th–23rd May. The result of the second flood could
be evaluated between 19th–25th July. Herewith we should mention that the mid-July
temperature exceeded 20 °C for a long period, which is well shown in Fig. 7. Favourable
climatic and biotope conditions (stagnant waters with  temperatures of 30 °C and above)
ensured together that the transformation into imago took as much as one week.
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Site mappings under similar conditions and with similar concepts should be carried
out in the future as the optimal timing of controls can only be fixed after several years of
results. This refers both to the biological control applied against larvae and to insecticide
applications against imagoes. 

Conclusions

Inspecting the territory we can determine the biotope, the habitats and the size of
overflowing. The concentration of cisterns and open water containers should be measured
as well.

Biotope conditions are always ensured in permanent waters, but studies proved that
relatively small numbers of larvae can develop under such circumstances, so cold waters
of rivers and gravel pits do not dominate as breeding places. 

In the course of seasonal floods shallow puddles are formed owing to the high level
of ground water. They get warm quickly, so eggs laid on the ground hatch and larvae
transform into imago within 4–6 days. 

Tracing the development rhythm of larvae and the detection of imago swarming
could give a proper basis for optimal timing and for controlling (biological and insecti-
cide). It could also involve immediate measurements. Flooding and high temperature
together induce rapid development of larvae. In this case biological control should be
applied on 2nd or 3rd day following the hatching of larvae, because the larvae are to be
found in the most ideal stage (L2 – L3) for control. Optimal timing of control against
imagoes is the beginning of swarming as long as they are near the habitats. 

The number of generations is determining in relation to the seasonal distribution.
The species of one generation appear early spring in April–May and are members of the
mosquito population in June–July. Swarming of other species like Aedes vexans can be
expected in large numbers seasonally, but not time bounded, when eggs laid on the ground
are overflowed.

Further investigations should be carried out in order to clear the role of the species
and their course of development. Several years of studies are needed to answer the
question of how biotope and habitats influence the dominance of species. Our results
confirm the influencing role of different conditions in the districts and the dominance of
Aedes vexans and Culex pipiens pipiens.

Information about the quality and temperatures of waters is needed to evaluate the
habitats, so we should carry out measurements continuously.

In algae and/or duckweed grown waters there are no mosquito larvae or only in
very small numbers.

Owing to fluctuations of ground water some fields might only be overflowed for 2–3
days, so larvae were able to hatch but died after the water had disappeared. Theoretically
the control of the water level meant physical protection at the same time. Though its practi-
cal realisation is unimaginable at the moment.

The numbers of Anopheles maculipennis is remarkable with reference to health
aspects, too. 
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