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Abstract. The efficacy of Centers for Disease Control (CDC) miniature light traps
and ovitraps was tested in the outskirts of the city of Zurich in Switzerland for their
use in the surveillance of Aedes (Hulecoeteomyia) japonicus japonicus (Theobald)
(Diptera: Culicidae), the invasive Asian bush mosquito. Sets of single CDC traps were
run overnight (n = 18) in three different environments (forest, suburban and urban) in
3 x3 Latin square experimental designs. Traps were baited with: (a) carbon dioxide
(CO,); (b) CO, plus light, or (c) CO, plus lure blend [Combi FRC 3003 (iGu®)]. At
the same locations, mosquito eggs were collected weekly using standard ovitraps baited
with different infusions (oak, hay or tap water) and equipped with different oviposition
substrates (a block of extruded polystyrene, a germination paper strip or a wooden stick).
Data were analysed using Poisson and negative binomial general linear models. The
use of light (P <0.001) or lure (P <0.001) significantly increased the attractiveness of
CDC traps baited with CO,. Oak and hay infusions did not increase the attractiveness
of ovitraps compared with standing tap water (P> 0.05), and extruded polystyrene
blocks were preferred as an oviposition substrate over wooden sticks (P <0.05) and
seed germination paper (P < 0.05). Carbon dioxide-baited CDC miniature light traps
complemented with light or iGu® lure and ovitraps containing standing tap water and
polystyrene oviposition blocks can be considered as efficient and simple tools for use in
Ae. j. japonicus surveillance programmes.

Key words. Aedes japonicus japonicus, attractants, CDC light trap, infusions, oviposi-
tion substrate, ovitrap.

Introduction

The Asian bush mosquito Aedes (Hulecoeteomyia) japonicus
Jjaponicus (Theobald, 1901) [= Ochlerotatus japonicus sensu
stricto (Reinert et al., 2004) and Hulecoeteomyia japonica sensu
stricto (Reinert etal., 2006)] (Wilkerson etal., 2015), which
is native to northeast Asia, is an invasive mosquito species in
the U.S.A. and more recently in Europe, where there currently
are several stable populations discontinuously distributed over
temperate central Europe (Schaffner eral., 2009; Werner &

Kampen, 2013; Ibanez-Justicia et al., 2014; Kampen & Werner,
2014). The desiccation-resistant eggs of this species can be
distributed in infested containers by trade to new territories, and
local active expansion is assumed (Becker et al., 2011; Medlock
etal., 2012, 2015; Kampen & Werner, 2014). Aedes j. japonicus
can rapidly become highly abundant in newly colonized terri-
tories (Schaffner eral., 2009; Anderson etal., 2012; Kampen
& Werner, 2014) as a result of the ecological plasticity of its
larvae, which develop in a wide variety of natural and artificial
water containers over a large temperature range (Vinogradova,

Correspondence: Eva Veronesi, National Centre for Vector Entomology, Institute of Parasitology, University of Zurich, Winterthurerstrasse 266a,
8057 Zurich, Switzerland. Tel.: + 41 635 85 21; Fax: + 41 446358911; E-mail: eva.veronesi @uzh.ch
*Present address: Swiss National Centre for Vector Entomology, Institute of Parasitology, University of Zurich, Zurich, Switzerland.

64

© 2015 The Royal Entomological Society



2012; Kampen & Werner, 2014) and which are capable of
outcompeting larvae of other species (Kampen & Werner,
2014). Aedes j. japonicus prefers forested and bushy habitats in
rural, suburban and urban environments (Andreadis et al., 2001;
Bartlett-Healy er al., 2012). Cemeteries appear to be favourable
sites in newly colonized areas and are therefore particularly
useful for assessing the presence of this species (Schaffner
etal., 2009; Medlock etal., 2012; Werner & Kampen, 2013).
Given its preference for mammalian hosts, including humans
(Molaei et al., 2009), and its ascertained competence as a vector
for many pathogens (Sardelis & Turell, 2001; Schaffner et al.,
2011; Kampen & Werner, 2014), Ae. j. japonicus can potentially
represent a threat to human and animal health. Hence, effective
methods for the surveillance of this species are required.

Most invasive Aedes (Stegomyia) mosquitoes do not respond
well to Centers of Disease Control and Prevention (CDC)
adult traps baited with carbon dioxide (CO,), octenol or light
(Thurman & Thurman, 1955; Hoel ez al., 2009) and thus these
adult traps allow the detection of these invasive species only
when their populations have reached high densities (Thurman &
Thurman, 1955; Sivagnaname & Gunasekaran, 2012; Kaufman
& Fonseca, 2014). By contrast, Ae. j. japonicus has shown a
significant degree of attraction to different combinations of these
stimuli (Anderson etal., 2012; Luhken etal., 2014), and CDC
traps have therefore been proposed as an effective tool for the
surveillance of adults of this species.

A more sensitive and cost-effective tool for the early detection
of these container-breeding mosquitoes is the ovitrap (Fay
& Eliason, 1966; Jakob & Bevier, 1969; Sivagnaname &
Gunasekaran, 2012). Standard ovitraps, composed of 1-L black
plastic cups (Service, 1976) containing an oviposition substrate
and partially filled with water or an organic infusion, have
been successfully employed in the surveillance and control of
Aedes vectors (Cheng et al., 1982; Regis et al., 2008). Although
different oviposition substrates, such as wooden sticks, seed
germination paper and cotton fabrics, have been reported to have
little effect on the attractiveness of the trap for several Aedes
species (Steinly eral., 1991; Chadee et al., 1995; Lenhart ez al.,
2005), different types of organic infusion (oak, hay, grass, etc.)
are generally reported to be more attractive to gravid Aedes
females than pure water (Reiter ez al., 1991; Trexler et al., 1998;
Santana et al., 2006; Obenauer et al., 2010). Ovitrap surveys for
Ae. j. japonicus appear less effective than for other Aedes species
(Andreadis etal., 2001), and the use of floating oviposition
polystyrene blocks (Scott & Crans, 2003; Oliver & Howard,
2005) and infusions (Scott et al., 2001; Falco etal., 2002) has
been proposed to enhance the attraction of gravid females.

This study was carried out in forested, suburban (cemetery)
and urban areas where the presence of this species is usually
reported in order to identify the parameters of CDC adult traps
and standard ovitraps that allow for the efficient surveillance of
Ae. j. japonicus in Switzerland.

Materials and methods

Study site

Field studies were conducted in three different environments
in, respectively, forest, suburban and urban areas on the outskirts
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of the city of Zurich (Switzerland) (Fig. 1). The university
campus was chosen as the urban setting (URBAN; 47.399 N,
8.551E; 500m a.s.l.). The forest area (FOREST; 47.397N,
8.556E) borders the east of the campus. The cemetery of
Schwamendingen was used as a suburban setting (SUBURBAN;
47.402N, 8.575E).

Adult trap tests

All tests were performed using CDC traps (CDC miniature
light trap model 512; John W. Hock Co., Gainesville, FL,
U.S.A)) placed at a height of 1.5m and baited with 1.2kg of
dry ice pellets. Carbon dioxide was released at a flow rate of
approximately 350-400 mL/min (Reisen ezral., 2000) from a
2-L perforated insulated plastic dispenser placed on the top of
each CDC trap cover. Such a CDC trap, a trap additionally
baited with iGu® attractant (CDC-IGU) (iGu® Combi FRC
3003; iGu® Transtrade Ltd, Christchurch, New Zealand) or with
light emission (CDC-LIGHT) were compared in 3 X3 Latin
square experimental designs across the three different study
environments.

iGu® lure is a blend of attractants containing R-1-octen-3-ol
(hereafter called octenol) and ammonium bicarbonate. It was
slowly released from a disperser placed close to the aspiration
fan. Light emission in the CDC trap was produced by a remov-
able 4-W/6-V light bulb (CM47) placed above the aspirator fan.

Three collection sites, located at least 50 m apart, were chosen
at each of the three sites. Mosquito collections were carried out
during six consecutive weeks from 11 August to 19 September
2014. The positions of the traps in each environment were
randomly assigned. Traps were run for three consecutive days
per week. Traps were activated from at least 2 h before sunrise
until at least 2h after sunset and rotated within the field on a
weekly basis.

Batteries and CO, were replaced daily in the morning. The
mosquitoes collected were identified to species based on mor-
phological identification keys (Schaffner eral., 2001; Becker
etal., 2010).

Ovitrap tests

Each ovitrap consisted of a 500-mL black polypropylene
cup measuring 11cm in diameter and 10cm in height (11/9
hydroculture pot; Luwasa Interhydro AG, Allmendingen,
Switzerland) into which a drainage hole (0.5 cm in diameter)
was drilled at 1 cm from the top to prevent overflow after rain-
fall. Each ovitrap received 300 mL of water solution and was
equipped with a removable interior oviposition substrate (see
below) on which eggs were counted using a stereomicroscope.
Eggs were morphologically identified based on comparison with
eggs from ongoing colonies of Ae.j. japonicus [ARPM-PAQ7
Pennsylvania strain, U.S.A.; provided by Professor D. Fonseca,
Center for Vector Biology, Rutgers State University of New
Jersey (CVB-Rutgers), New Brunswick, NJ, U.S.A.]. Further,
20 batches of 10 eggs each, pooled according to the substrates
and environments tested, were subjected to matrix-assisted
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Fig. 1. Locations of trapping sites on the outskirts of the city of Zurich (Switzerland), showing the forest, urban and suburban (cemetery) areas.

laser-desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS) for species identification (Schaffner et al.,
2014). At least three batches of eggs obtained from the three dif-
ferent substrates from traps from the cemetery and forest were
analysed. No samples were available from any substrate from
the urban area because of the low number of eggs collected.

Ovitraps remained in place for five consecutive days per week
and were rotated on a weekly basis in a randomized Latin square
design. Tests were conducted during nine consecutive weeks
from 11 August to 10 October 2014 at the sites in the three
different environments (Fig. 1). The ovitraps were set at ground
level at least 50 m apart, in shaded or partially shaded sites close
to vegetation.

In the first test, three different water solutions were tested
as attractants for gravid mosquitoes: standing water; an oak
leaf infusion, and a hay infusion. The ratio of plant biomass
to water was 4.2 g/LL (Ponnusamy et al., 2008). Plant biomasses
were fermented for 5 days in 1L of water at room temperature
in a 2-L plastic container that was tightly sealed (Ponnusamy
etal., 2010). The standing water solution was obtained by
keeping 1L of tap water inside an open 2-L plastic container
for 5days. These solutions were prepared, filtered and used
fresh every week. All ovitraps used in this test were lined with
seed germination paper strips measuring 40 X 9 cm (#76, Extra
Heavy Weight; Anchor Paper Co., St Paul, MN, U.S.A.) as an

oviposition substrate. Three ovitraps with identical infusions
were positioned together in each of the three collection sites
chosen in each environment.

In a second test, traps containing standing water were used
to compare three different oviposition substrates: (a) a block of
extruded polystyrene (approximately 3 X3 X 2cm); (b) a strip
of seed germination paper, and (c) a wooden stick (masonite
strip measuring 10.0 X 2.5 cm). The polystyrene blocks were
left floating on the water; the germination papers were used to
line the inner walls of the cups, and the wooden sticks were
held vertically by paper clips. The experimental design was as
described above.

Statistical analysis

Poisson and negative binomial generalized linear models
(GLMs) were used to compare the numbers of the different
mosquito species collected with the CDC traps, considering
the environment, attractants and date of collections as the
main factors. Statistical analyses were performed for the four
most abundant species captured during the trial. Datasets were
analysed with both Poisson and negative binomial models.
The most parsimonious model was chosen based on Akaike’s
information criterion (AIC).
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A negative binomial GLM was used to test how the number
of eggs laid in the ovitraps depended on the environment,
oviposition substrate, type of infusion and all interactions.

All statistical analyses were undertaken in R version 3.1.2 (R
Core Team, 2014). Poisson regression models were undertaken
in the inbuilt statistics package using the glm command with
the Poisson family selected. The negative binomial models were
undertaken using the glm.nb command of the mMass package
(Venables & Ripley, 2002).

Results
Adult trap tests

A total of 745 mosquitoes representing eight species were
collected during the 162 trap nights. The four most abun-
dant species were Aedes vexans (n=320, 43%), Culex
pipiens/torrentium  (Diptera: Culicidae) (n=163, 22%),
Ae.j. japonicus (n=122, 16%) and Anopheles plumbeus
(Diptera: Culicidae) (n=113, 15%), representing 97% of the
total mosquito collection. The remaining 27 (3%) specimens
trapped belonged to Aedes sticticus (n=20, 74%), Aedes
cinereus/geminus (n=4, 15%), Aedes geniculatus (n=2, 7%),
and Anopheles maculipennis s.l. (n=1, 4%). Only 0.3% of the
mosquitoes trapped were male.

The overall numbers of mosquitoes of the five most abundant
species collected in the forest, cemetery and urban environments
were similar (217, 257 and 244, respectively), but the composi-
tions of these collections differed in terms of species.

The collection of Ae. j. japonicus was not affected by the date
of collection. The numbers of Ae. j. japonicus collected in the
forest and urban environments were comparable (d.f.=161,
Z=0.17, P>0.05) and higher than the number from the
cemetery (d.f.=161, Z=-4.22, P<0.001). Both the use of
light (d.f.=161, Z=4.59, P<0.001) and iGu® lure attrac-
tant (d.f. =161, Z=3.40, P <0.001) significantly increased the
attractiveness of CDC traps baited with CO, (Ae. j. japonicus,
adult trap) (Fig. 2).

Comparative analysis conducted on Ae.vexans catches
showed a statistical difference according to the date of col-
lection. The initial relative abundance of this species in the
catches (70.7+9.6%) significantly (d.f.=161, Z=-3.21,
P <0.01) diminished in all environments analysed starting from
mid-August (13.4 +7.8%) and remained (d.f. =161, Z=3.67,
P <0.001) low (3.7 £ 2.1%) until the end of the trial. Numbers
of Ae.vexans collected in the forested area were lower than
those observed in both the urban and suburban (cemetery) envi-
ronments (Z=2.49 and Z =2.38, respectively, both at P < 0.05
with d.f. = 161), which were similar (P > 0.05). The use of light
(d.f.=161, Z=0.05, P>0.05) and lure (d.f.=161, Z=1.11,
P>0.05) did not increase attractiveness in comparison with
CDC traps baited with only CO, (Ae. vexans, adult trap) (Fig. 2).

Numbers of An. plumbeus captured did not differ during the
duration of the test. The catches in the forest were higher
than those in the urban and suburban environments (Z = — 6.36
and Z = —6.70, respectively, both at P <0.001 with d.f.=161),
which were similar (P > 0.05). Traps using CO, in combination
with lure achieved significantly higher catches of An. plumbeus
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than CDC traps baited with only CO, (d.f.=161, Z=2.69,
P <0.01). For this species, light did not alter the attractiveness
of the CDC trap (d.f. =161, Z=0.25, P> 0.05) (An. plumbeus,
adult trap) (Fig. 2).

No variation in rates of capture of Cx.pipiens/torrentium
was detected during the tests. Significantly fewer
Cx. pipiens/torrentium were captured in the forest than in the
urban (d.f. =161, Z=3.02, P <0.01) and cemetery (d.f. =161,
Z=15.58, P<0.001) environments, the latter of which achieved
the highest capture rate. The CDC trap baited with only CO,
attracted a higher number of Cx. pipiens/torrentium in compar-
ison with traps that also had light emission or lure (Z=—-2.20
and Z=2.18, respectively, both at P <0.05 with d.f.=161),
which performed similarly (P> 0.05) (Cx pipiens/torrentium,
adult trap) (Fig. 2).

Ovitrap test

All eggs were morphologically identified as those of
Ae. j. japonicus. Further, all MALDI-TOF MS analyses of
20 pools of 10 eggs revealed this species. The number of eggs
collected in the different ovitraps in both tests was not affected
by the date of collection (P > 0.05).

The three different infusions (standing water, oak leaf and hay)
tested in the first test, using seed germination paper strips as an
oviposition substrate, did not affect the oviposition preference
of gravid Ae. j. japonicus females. Independently of the infusion
used, the number of eggs collected in the cemetery site was
statistically significantly higher than the numbers observed
in both the forest (d.f.=26, r=3.05, P<0.01) and urban
(d.f.=26, t=3.26, P<0.01) environments (Ae.j. japonicus,
ovitrap—infusion) (Fig. 2).

In the second test (with the cups filled with standing water),
numbers of eggs collected in ovitraps set with blocks of
extruded polystyrene as an oviposition substrate were signifi-
cantly higher than those in ovitraps set with seed germination
papers and wooden sticks (r=2.62 and ¢ =2.40, respectively,
both at P <0.05 with d.f. =78), which did not show differences
(P>0.05) (Ae.}j. japonicus, ovitrap—substrate) (Fig. 2). Simi-
larly to the previous test results, the number of eggs collected
in the cemetery was significantly higher than the numbers of
eggs collected in the forest and urban environments ( =2.11 and
t=2.29, respectively, both at P < 0.05 with d.f. =78).

Discussion

Centers for Disease Control traps activated with CO, showed
different levels of attractiveness for different species of mosquito
according to the environments and the added attractants (light,
chemical lure). In these trapping trials, eight of the 13 mosquito
species common in the study area (Schaffner & Mathis, 2013)
were collected. The mean number of specimens collected per
night was generally rather low (4.4 + 0.4 mosquitoes per night),
but was comparable with previous results obtained in a study
conducted in the same area (Schaffner & Mathis, 2013). Aedes
vexans and Cx. pipiens/torrentium, two of the most common
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Fig. 2. Results of adult mosquito trapping for (A) Culex pipiens/torrentium, (B) Anopheles plumbeus, (C) Aedes vexans and (D) Aedes japonicus
Jjaponicus. The upper graphs show the mean number [+ 95% confidence interval (CI)] of mosquitoes trapped per day in the different environments
(FOREST, URBAN, SUBURBAN). The lower graphs show mosquito catches according to the different traps employed. Centers for Disease
Control (CDC) traps were all activated with carbon dioxide and additionally baited with iGu® lure (CDC-LURE) or light (CDC-LIGHT). (E, F)
OVITRAP-INFUSION and OVITRAP-SUBSTRATE refer to the type of water infusion (standing WATER, HAY, OAK leaf) or substrate (germination
PAPER, wooden STICK, polystyrene BLOCK) applied to each trap in order to test its attractiveness for gravid Ae. j. japonicus females. The upper graphs
show the mean (+ 95% CI) number of eggs collected per 5 days in the different environments. The lower graphs report the mean (+ 95% CI) number of
eggs collected per 5 days according to different substrates and infusions. Different letters represent significant differences (P < 0.05); NS, not significant

(P> 0.05) among treatments.

species present in Europe and Switzerland, were ordinarily
captured in the urban and suburban (cemetery) areas, whereas
An. plumbeus was collected almost exclusively in the forest,
despite the fact that this species has begun to successfully
colonize artificial breeding sites in urban and suburban areas in
Europe (Dekoninck ez al., 2011; Medlock et al., 2012; Schaffner

etal., 2012). Interestingly, the vast majority of Ae. j. japonicus
adults were caught in the urban and forest areas, the latter
of which represents the main adult habitat for this species as
observed in both native and recently colonized territories (Iriarte
etal., 1991; Andreadis etal., 2001; Kampen & Werner, 2014).
The high abundance observed in the urban study area is likely to
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have been influenced by the area’s proximity to and ecological
contiguity with the forested area. Moreover, the presence of
several small streams connecting the forest with the other two
environments tested may drive the active dispersion of this
species along water corridors (Bevins, 2007). The distribution of
Ae. j. japonicus in the present study was similar to that described
at Konpira Hill in the city of Nagasaki (Iriarte eral., 1991),
where breeding sites were also mainly in suburban areas (in this
case the cemetery) and the adult population was distributed in
the forest. A paucity of adequate breeding sites in the forest may
increase the dislocation between the larval breeding and adult
resting areas.

The use of the iGu® lure blend in association with Co,
resulted in a general increase in the attractiveness of the CDC
traps for Ae.j. japonicus, An.plumbeus and Ae.vexans, even
if for the latter species this tendency was not statistically
confirmed. By contrast, the addition of iGu® lure reduced
the number of Cx. pipiens/torrentium, as has been previously
observed for this and other Culex species (Kemme ez al., 1993;
Burkett eral., 2001). Several studies have shown that octenol,
a component of iGu® lure, used as a supplement to CO,
significantly increased collections of several mosquito genera
but rarely of Culex (Kline et al., 1990, 1991; Becker et al., 1995).
Octenol is a natural compound of cattle odour (Hall ez al., 1984;
Kline, 1994) and has often been observed to be less attractive to
ornithophilic species (Takken & Kline, 1989).

Interestingly, light enhanced the attractiveness of CO,-baited
CDC traps for Ae. j. japonicus more than the iGu® lure blend of
octenol and ammonium bicarbonate. This effect was observed
in all environments. A recent study showed that CDC traps
activated only with light were not attractive to Ae. j. japonicus
(Anderson etal., 2012), indicating that light is an important
attractant only when used in association with another stimulus
(Rueda et al., 2001; Anderson et al., 2012). Light is reported to
be a strong attractant for nocturnal mosquito species, but species
that preferentially inhabit wooded areas appear to be the least
attracted to light (Service, 1976). Thus, the lack of attractiveness
of only light for Ae. j. japonicus is in agreement with its biology
as a species that preferentially inhabits forested and bushy
areas and preferentially has crepuscular or diurnal biting activity
(Kampen & Werner, 2014). Although the nocturnal activity
observed in Ae. j. japonicus (Scott et al., 2001; Anderson et al.,
2012) may explain the increase in its attraction to light noted
in the present study, the cause of this preference remains
unclear. Light may increase the visibility of traps across greater
distances, simulate a host thermal pattern and synergistically
activate the reaction to CO,.

In recent work, the combination in CDC traps of all the
stimuli considered in the present study (CO,, light, octenol
and ammonium bicarbonate) had a pronounced synergistic
effect, yielding 28 times more Ae. j. japonicus than light traps
activated with only CO, (Anderson etal., 2012). This earlier
study was evidently performed at a site and during a period with
exceptionally high abundances of Ae.j. japonicus as catches
amounted to as many as 20.2 mosquitoes per trap night with
the CO,-baited CDC light trap. Comparable studies usually
report the collection of fewer than six specimens per trap night
(Andreadis etal., 2001; Scott etal., 2001; Falco etal., 2002).
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In the present study, the average catch rate of these traps in the
forest area was 1.3 mosquitoes per trap night.

Eggs obtained from oviposition traps were identified as
Ae. j. japonicus (by morphology and mass spectrometry). The
only other mosquito species with similar oviposition behaviour
at the study sites is Ae. geniculatus, a tree hole-breeding
mosquito species. No eggs of this univoltine species were iden-
tified in the present study. Aedes geniculatus is usually present
in low densities (Schaffner & Mathis, 2013), which was con-
firmed by CDC adult trap collections (0.3% of total mosquitoes
caught).

In both infusion and oviposition substrate evaluation tests,
the largest collections of eggs were obtained in the cemetery,
where adult trapping of Ae.j.japonicus was low. As previ-
ously observed (Schaffner eral., 2009; Werner & Kampen,
2013), cemeteries provide numerous artificial habitats for
container-breeding mosquitoes in many newly invaded areas
(Vezzani, 2007) and are particularly useful for assessing the
presence and abundance of Ae. . japonicus (Schaftner etal.,
2009; Kampen etal., 2012; Zielke etal., 2014). The absence
of egg collection in CDC ovitraps reported by Andreadis et al.
(2001) for sites at which adult gravid females were trapped
may reflect the separation observed between mosquito adult
and larval habitats or the low attractiveness of the seed ger-
mination paper employed as an oviposition substrate. The
present study confirms the efficacy of polystyrene blocks as an
oviposition substrate for Ae. j. japonicus, as has been previously
observed (Scott & Crans, 2003; Oliver & Howard, 2005), and
indicates them to be superior to the wooden sticks and seed
germination papers that are widely used in the surveillance of
container-breeding mosquitoes.

Opvitraps containing a block of extruded polystyrene as an
oviposition substrate and filled with standing water represented
the best combination of stimuli to trigger ovipositing behaviour
in Ae.j. japonicus. The oak and hay infusions tested did not
increase the attractiveness of the ovitraps. The attraction of
gravid Ae. j. japonicus females to infusion-baited gravid traps
has been reported frequently (Andreadis ez al., 2001; Falco et al.,
2002), but further comparative studies did not confirm a prefer-
ence for particular infusions in this species (Grim ez al., 2007).
The lack of oviposition preference confirmed in the present
study is typically observed in many invasive container-breeding
mosquitoes that exhibit ‘skip oviposition’ behaviour to max-
imize offspring survival and avoid intraspecific competition
(Mogi & Mokry, 1980). Strong skip oviposition behaviour has
been observed in this species under laboratory conditions (F.
Balestrino, unpublished data, 2014). Larvae of Ae. j. japonicus
occur in different natural and artificial containers, preferably of
larger sizes (Sunahara et al., 2002), with lower mean water tem-
peratures (Bartlett-Healy eral., 2012) and lower organic nutri-
ent content (Thielman & Hunter, 2006) than those observed
for other invasive Aedes species. Laboratory attempts to rear
Ae. j. japonicus produced a high rate of larval mortality when
an Aedes albopictus (= Stegomyia albopicta) feeding schedule
was adopted (F. Balestrino, unpublished data, 2015). Oviposit-
ing Ae. j. japonicus females may therefore avoid infusion-baited
ovitraps in response to the unsuitable and chemical stimuli that
characterize these artificial habitats (Bentley & Day, 1989).
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The observed separation of the preferred adult and breed-
ing habitats of Ae. j. japonicus was striking. Relative humidity
and temperature levels tolerable by adults and the presence of
adequate areas for the creation and location of mating swarms
may be among the parameters limiting the presence of adults,
as observed during laboratory colonization attempts. However,
breeding habitats were scarce in the forest, but were widely
available at the cemetery site. The different and specific charac-
teristics required by adult (e.g. oviposition skipping behaviour)
and larval stages may therefore explain the spatial separation
observed between adult and larval field distributions.

Specific surveillance programmes must focus on the control
of all possible sources of infestation, including import sites and
local sensitive environments (Schaffner ez al., 2013). Moreover,
the strong influences imposed by forested and rural environ-
ments on the distribution of adults and on their mating and
oviposition behaviours must be further investigated if an appro-
priate surveillance system is to be effectively implemented.
Although further studies might enhance trap attractiveness, the
CDC miniature light trap activated with CO, and the iGu® lure,
and ovitraps filled with standing water and polystyrene ovipo-
sition blocks, can be considered efficient and simple tools for
the surveillance of Ae. j. japonicus and arboviruses that might
be transmitted by this species. These trap types will also be of
value in further studies that are designed to better elucidate the
adult and larval ecological requirements of this invasive species.
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