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Given the established populations in the municipality of Lelystad, The
Netherlands, and in the neighbouring countries Belgium and Germa-
ny, the Asian bush mosquito Aedes japonicus japonicus, a putative vector
of Japanese encephalitis virus and West Nile Virus, seems to be very
well adapted to European conditions, and a further spread is considered
likely in Europe. In 2014, a specific mosquito monitoring program in
the province of Flevoland has been implemented with the purpose of
detecting populations of this invasive mosquito in municipalities adja-
cent to Lelystad. The methodology used consisted of adult trapping
and visual inspection of preferred potential breeding sites, such as arti-
ficial containers in allotment gardens and cemeteries. Thirty-seven
sites in allotment gardens, six cemeteries, two used tire companies and
30 random generated locations using carbon dioxide-baited traps have
been monitored. Pre-imaginal stadia of Ae. j. japonicus have been found
only in allotment gardens belonging to the municipality of Lelystad in
the months of January, April, August and September, showing the
ability of this species for hibernating as a larvae in the Dutch climate.
Larval samples in allotment gardens and cemeteries, and carbon diox-
ide-baited traps samples outside Lelystad were negative for the pres-
ence of Ae. j. japonicus. So far, Ae. j. japonicus established populations in
the Netherlands seems to be confined in the municipality of Lelystad.

Keywords: Asian bush mosquito, invasive mosquito species, monitoring

In January 2013, a female mosquito collected during routine national vector sur-
veillance in the week 18-25 July 2012 in Lelystad, The Netherlands, was morpho-
logically identified and genetically confirmed as the Asian bush mosquito, Aedes
japonicus japonicus (Theobald) [= Ochlerotatus japonicus sensu Reinert et al. 2004 =
Hulecoeteomyia japonica sensu Reinert et al. 2006] (Figure 1). In order to assess the
extent of the infested area, subsequent extensive mosquito surveillance in the sur-
rounding area during 2013 consisted of visual inspection of potential habitats and
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adult trapping in increasingly distant locations around the location of the initial
finding. This survey confirmed the existence of a widely established population
of Ae. j. japonicus in the municipality of Lelystad (Ibañez-Justicia et al. 2014).

Aedes j. japonicus originates from Japan, Korea and Southern China (Tanaka
et al. 1979) and has also been found in south-eastern Russia (Gutsevich &
Dubitskiy 1987). The first interception of the species in Europe occurred in
France in year 2000 (Schaffner et al. 2003). Afterwards, this species has estab-
lished populations in Belgium (Versteirt et al. 2009), Switzerland (Schaffner et
al. 2009), southern Germany (Becker et al. 2011), Austria and Slovenia (Seidel et
al. 2012), western Germany (Kampen et al. 2012) and northern Germany (Werner
& Kampen 2013). In the same way, in the new world it has successfully estab-
lished in numerous states of the USA since the first interceptions in the 1990s,
and in 2000 it was already reported from south-eastern Canada (Kampen &
Werner 2014).

This species has never been proven to be an efficient vector of pathogens in
the field, but under laboratory conditions, it has been shown to be a competent
vector of Japanese encephalitis virus (Takashima & Rosen 1989), West Nile
virus (Sardelis & Turell 2001), La Crosse virus (Sardelis et al. 2002a), Eastern
equine encephalitis virus (Sardelis et al. 2002b), St. Louis encephalitis virus
(Sardelis et al. 2003), chikungunya virus and dengue virus (Schaffner et al. 2011).

Because of the established populations in The Netherlands in the municipal-
ity of Lelystad, and in the neighbouring countries Belgium and Germany, the
Asian bush mosquito Ae. j. japonicus, seems to be very well adapted to European
conditions, and a further spread is considered likely from new colonized areas in
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Figure 1. Adult female of Aedes j. japonicus (photo: A. Ibañez-Justicia).



Europe. In 2014, a specific mosquito monitoring program in the province of
Flevoland has been implemented with the purpose of detecting populations of
this invasive mosquito in municipalities adjacent to Lelystad.

MATERIAL AND METHODS
In general, the methodology used to detect new colonized areas in the province
consisted of visual inspection of preferred potential breeding sites (artificial con-
tainers in allotment gardens and cemeteries) and adult trapping in the study area
(see Figure 2).

Study area
The study area included in the surveillance in 2014 was the Dutch province of
Lelystad and nearby areas in adjacent provinces (see Figure 2).

Sampling protocol

Adult sampling

During the surveillance in 2014, 30 locations (see red dots in Figure 3) all over the
study area (the province of Flevoland and nearby areas in adjacent provinces)
were randomly generated from three categories, natural habitats agricultural and
urban areas, and sampled once for a single week (cross-stratified sampling) dur-
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Figure 2. Study area. Red oval: Flevoland province in The Netherlands; red star:
Lelystad municipality.



ing the active period of adult mosquitoes (April-October), using the CO2-baited
Mosquito Magnet Liberty Plus trap (Woodstream®, Lititz, USA; hereafter MM
trap) following the strategy described by Ibañez-Justicia et al. (2015). Each site
was sampled once for 7 days with an MM trap. After this, the trap was placed in
the next sampling site. Instructions were given to place the trap as close as pos-
sible to the provided XY random coordinates. If it was not possible (e.g., in some
urban areas with the presence of children, or the presence of temporary water
bodies on location), the trap could be moved to a safe place within 100 m of the
original XY coordinates. In that case, new coordinates were recorded. Field
information, sampling information (inspector name, site number, trap start date,
trap end date), XY coordinates recorded with a Global Positioning System
(GPS), and one unique sampling number barcode were recorded in a fieldwork
data form. Trapping nets from the MM trap with collected mosquitoes and field-
work data form were sent together inside a sealed plastic bag to the laboratory for
morphological identification where they were stored at -20 °C until analysis. All
data from each sampling location were input into VecBase [a tailor-made data-
base application built for CMV using Oracle Application Express (Oracle
2009)], with details on XY coordinates, field inspector, number of days in the
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Figure 3. Detail study area. Red dots: MM-traps; blue triangles: allotment gardens;
black cross: cemeteries; black square: used tyre company.



field, species captured, quantity, sex (male, female), etc. VecBase provided
options to manage the stored data and to make specific queries (ECDC 2012).

The MM trap was chosen over other trapping alternatives for the following
reasons: 1) this trap captures blood seeking mosquitoes attracted by CO2 and
octenol; 2) MM traps are the only available trap type that allows the autonomy
needed for this sampling scheme (constant flow of CO2 for more than a week)
provided by an easy to purchase and replace propane tank; 3) this trap was effec-
tive to capture Ae. j. japonicus during the activities in 2012 (first finding report)
and in 2013 (extensive surveillance in Lelystad municipality) (Ibañez-Justicia et
al. 2014).

Additionally, two BG-Sentinel traps (Biogents, Regensburg, Germany) that
are routinely run near to risk sites for introduction of exotic mosquito (two tyre
trade companies in Lelystad and Almere, province Flevoland) were also con-
trolled for presence of Ae. j. japonicus. BG-Sentinel traps used in the used tyre
companies attract the mosquitoes with CO2 and with a specific lure (BG-Lure
cartridge), a dispenser which releases a combination of substances that are also
found on human skin (ammonia, lactic acid, and caproic acid), and that are espe-
cially attractive for selected invasive mosquito species (e.g., Ae. aegypti, Ae.
albopictus, Culex quinquefasciatus) (Biogents 2014). In 2013, the BG-Sentinel trap
(without CO2) operated near to the tyre trading company in Lelystad also con-
tained one Ae. j. japonicus female (Ibañez-Justicia et al. 2014) indicating the abil-
ity of the trap for capturing this species in the field, even without using CO2.

Larval sampling

Extensive mosquito surveillance in allotment gardens and cemeteries of the
province of Flevoland was implemented from April until October 2014. In order
to find the locations in the province, a search action was done using a web search
engine. Flevoland’s municipality’s names in combination with the Dutch words
‘begraafplaats’ (cemetery) and ‘volkstuin’ (allotment garden) were used as input
for the web search. Location names and addresses were obtained as output of the
web search. Thirty-seven sites in allotment gardens and six cemeteries (see
Figure 3) were selected in the study area.

In the selected locations, visual inspection of preferred potential breeding
sites (artificial containers in allotment gardens and cemeteries, see Figure 4), and
collection of mosquito larvae was carried out. Larvae where collected from the
containers using mosquito larvae dippers and fine mesh aquarium nets, and with
the help of a plastic pipette where transferred to a plastic tube containing 70%
alcohol.

Field information, sampling information (inspector name, site number, date
sampling), XY coordinates recorded with a Global Positioning System (GPS),
and one unique sampling number barcode were recorded in a fieldwork data
form. Plastic tubes with collected mosquito larvae and fieldwork data form were
sent together inside a sealed plastic bag to the laboratory for morphological iden-
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tification. As for the adult samplings, all data from each sampling location were
input into VecBase.

In addition, known positive (where Ae. j. japonicus breeds) allotments in the
municipality of Lelystad were inspected every 3 months from January until
October 2014 in order to known the activity/stages of the species.

Mosquito diagnostics
Adult samplings were screened for the presence of the target mosquito species
(Ae. j. japonicus), and only the specimens of the species were planned to be sub-
jected to morphological identification in the laboratory. If the sample was nega-
tive for presence of the target species, the complete sample was stored at -20 °C.
In larval samples, only species belonging to the Aedes/Ochlerotatus genera were
identified to species level and counted. The other mosquito larvae specimens
from other genera (e.g., Culex spp.) were identified until genera level. Because of
the high numbers of non target species larvae specimens collected in the allot-
ment gardens and cemeteries (more than 72,000 mosquito larvae), the first 100
non target specimens were counted in a glass Petri dish, and the rest of the sam-
ple was estimated counting the total number of Petri dishes with similar amount
of larvae in the sample.
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Figure 4. Example of a preferred breeding site in locations (allotment gardens) where
Aedes j. japonicus has established populations.



Species identification was done on morphological features in the laboratory.
For indigenous mosquitoes collected during the survey, an identification key
specifically designed for the rapid identification of Dutch adult female culicids
was used (Scholte 2009; based on Schaffner et al. 2001, Becker et al. 2003,
Verdonschot 2002). Exotic and invasive species were identified using dichotom-
ic and electronic identification keys (Harbach 1988, Schaffner et al. 2001).

RESULTS AND DISCUSSION
The 30 random generated locations (see Figure 3) were effectively sampled dur-
ing the survey using MM-traps. All traps except for one site (in the municipal-
ity of Nunspeet) contained mosquito specimens. The 30 MM-traps were nega-
tive for the presence of Ae. j. japonicus in the study area. The two BG-Sentinel
traps that are routinely run into two used tyre trade companies at province
Flevoland were also controlled for presence of Ae. j. japonicus, and also resulted
negative for the presence of this invasive mosquito species.

Forty-three sites (37 sites in allotment gardens and six cemeteries) in 12
municipalities (see Table 1 and Figure 3: Lelystad, Almere, Dronten, Ens,
Biddinghuizen, Kampen, Zeewolde, Urk, Harderwijk, Ermelo, Swifterband and
Huizen) were visited twice during the year: between 24 April and 15 May, and
between 22 September and 6 October 2014. In total, 72,790 mosquito larvae were
caught. All allotment gardens and cemeteries sampled outside the municipality
of Lelystad resulted negative for the presence of Ae. j. japonicus in both sampling
periods. In the municipality of Lelystad, the earliest Ae. j. japonicus larvae were
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Table 1. Number of sampling sites, number of larvae collected in each municipality.
Location No. No. larvae

sampling Total Aedes j. Anopheles Culiseta Culex
sites japonicus sp. sp. sp.

Almere 14 27,551 0 0 5,407 22,144
Biddinghuizen 1 450 0 0 100 350
Dronten 4 1,322 0 0 200 1,122
Ens 1 164 0 0 0 164
Ermelo 4 1,364 0 0 4 1,360
Harderwijk 2 5,950 0 0 0 5,950
Huizen 2 356 0 0 0 356
Kampen 1 1,000 0 0 100 900
Lelystad 9 32,148 786 10 629 30,723
Swifterband 1 1,200 0 0 0 1200
Urk 1 400 0 0 0 400
Zeewolde 3 885 0 0 0 885
Total 43 72,790 786 10 6,440 36,945



collected in an allotment garden on 10 January 2014. In 19 Augustus 2014, three
allotment gardens and one cemetery in the municipality of Lelystad were also
investigated in order to know the activity of the species in the infested area. Two
allotment gardens resulted positive. Larvae and pupae were present in the bar-
rels used for collecting rain water in allotments.

Four mosquito genera were collected in the larval samples: Culex, Culiseta,
Anopheles and Aedes/Ochlerotatus. The most abundant specimens found in the
artificial containers belongs to the genera Culex, followed by Culiseta. A total
number of 786 specimens of Ae. j. japonicus larvae were morphologically identi-
fied, all of them belonging to already known allotments with established popu-
lations of this invasive mosquito.

Pre-imaginal stadia of Ae. j. japonicus have been found only in allotment gar-
dens belonging to the municipality of Lelystad in the months of January, April,
August and September, showing the ability of this species for hibernating as a
larvae in the Dutch climate. Larval samples in allotment gardens and cemeter-
ies, and carbon dioxide-baited traps samples outside Lelystad municipality in the
province of Flevoland were negative for the presence of Ae. j. japonicus. Using
the same strategy used in the previous years 2012 and 2013, it can be concluded
that, so far, Ae. j. japonicus established populations in the Netherlands seems to
be confined in the municipality of Lelystad.
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