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Abstract:

We confirmed occasions of outdoor reproductive activity of Aedes albopictus during the winter period in
three Balkan countries. The main question was how long females of Ae. albopictus can stay active depos-
ing overwintering eggs? In Podgorica (Montenegro), eggs were collected until 20" December; afterwards,
no eggs were found until 28" March when the new season started. In Skopje (North Macedonia), eggs were
observed until 22" November; the activity in the new season started on 26" April. In Novi Sad (Serbia), eggs
were found until 6" December; surprisingly, during wintertime, oviposition activity was observed at the end
of December and during February. In the new season, the activity started on the 7 of June. During the winter
period, we did not find any larvae in the ovitraps, and we were not able to hatch them in the laboratory from
collected eggs. We conclude that long-lived females (belonging to the last seasonal generation) continue their
activity during wintertime when favourable microclimate is available. Considering results and climate change
predictions, surveillance should be planned during the whole year, at least in South European countries.
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It is predicted that climate change will affect the

Introduction

The Asian tiger mosquito Aedes albopictus (Skuse,
1894) (Diptera: Culicidae) is a thermophilic inva-
sive mosquito species originating from tropical re-
gions of South-eastern Asia (HAWLEY 1988). It is
a competitive vector able to transmit more than 20
viruses and filarial worms, which are pathogenic
to animals and humans. The spread of these dis-
ease agents, besides SARS-CoV-2 and malaria, has
become one of the major global health problems.

mosquitoes’ distribution, which will allow them to
bring pathogens to naive populations (REINHOLD et
al. 2018). In the last 20 years, the incidence of au-
tochthonous mosquito-borne diseases like Chikun-
gunya and Dengue have increased in Europe (Italy,
France, Croatia); they are most likely mediated by
well-adapted and established populations of 4e. al-
bopictus (REzza et al. 2007, GJENERO-MARGAN et
al. 2011, DELISLE et al. 2015, Succo et al. 2016,
CaLBa et al. 2017). Populations of Ae. albopictus
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from subtropical and temperate regions overwinter
by producing diapausing eggs, while tropical strains
reproduce continuously during all seasons (HAWLEY
et al. 1987). The ability of the species to survive
winter temperatures is crucial for its establishment
in temperate regions (DENLINGER & ARMBRUSTER
2014). Photoperiodically-induced egg diapause is
a key trait contributing to establishment and spread
in temperate latitudes (MEDLEY et al. 2019). Three
are the critical climate parameters for the successful
establishment and development of the species in Eu-
rope: January temperature above 0°C, annual mean
temperature above 11°C and annual precipitation
>500 mm (CuUNZE et al. 2016).

Aedes albopictus was firstly reported in Mon-
tenegro in 2001 (PETRIC et al. 2001), then in Ser-
bia in 2009 (PETRIC 2009) and in North Macedo-
nia in 2016 (SokoLovska et al. 2017). The species
can overwinter in local environments and climates;
further surveillance showed that it has become part
of the entomofauna in these three Balkan countries
(PETRIC et al. 2009, Pajovic et al. 2013, KAVRAN et
al. 2019, Cvetkoviky et al. 2020). Having that in
mind, our study was focused on the questions: (i)
How long can females of Ae. albopictus stay active
deposing overwintering eggs? (ii) Is the climate of
the three Balkan countries suitable enough to pro-
vide species activity during the winter? Consider-
ing the previously published results from Southern
Europe (Rowmr et al. 2006, COLLANTES et al. 2014),
we need to answer these questions in line with the
need for continuous surveillance of the species over
the whole year.

Materials and Methods

For surveillance of de. albopictus, we used ovitraps
described by the European Centre for Disease Pre-
vention and Control (ECDC 2012) and BELLINI et
al. (2020), incorporating a new approach launched
by COST Action CA17108 — Aedes Invasive Mos-
quitoes (AIM). One of the AIM objectives is the
promotion of harmonisation (in terms of equipment,
time and frequency of mosquito sampling) to ensure
comparable outputs in terms of surveillance. AIM-
COST protocol (AIM-COST 2020) was slightly
modified to achieve comparability between the re-
sults obtained from different geographical regions
of Montenegro, North Macedonia and Serbia. The
first modification was monitoring extension towards
the wintertime, until the beginning of mosquito ac-
tivity next year. Black plastic containers filled with
tap water and a standard tongue depressor as an
oviposition substrate were used to collect the eggs.
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Tongue depressors were scratched with a sharp ob-
ject on the exposed side, positioned and fixed on the
inner wall of the ovitrap with paperclips. Traps were
placed in shady and safe positions on the ground
and kept at the same place during the surveillance
period (26™ October 2020 — 20" June 2021; 44"-24™
week). Where two ovitraps were positioned at the
same locality, distances between them were 15 to
100 m. The second modification was a reduction of
ovitrap positions: instead of five ovitraps in three lo-
cations, we used two ovitraps in three locations and
five ovitraps in five locations in North Macedonia.
Ovitraps were checked biweekly for the presence
of eggs and larvae. After each inspection, the traps
were emptied, cleaned inside, the oviposition sub-
strates replaced and the trap was refilled with wa-
ter. Collected tongue depressors were marked with
a unique code and collection date, wrapped with a
slightly wet kitchen paper towel and stored in a plas-
tic “zip-lock” bag. The bags were transported to the
laboratory. The tongue depressors were checked for
the presence of eggs under a stereomicroscope and
proceeded to larval hatching. Importantly, besides
latitude and longitude, altitude of traps positions
was different too: 15 (42.321805; 19.282739) to 33
m a.s.l. (42.447923; 19.211396) in Podgorica; 249
(42.002903; 21.459275) to 252 m a.s.l. (42.003592;
21.45865) in Skopje and 76 (45.24044; 19.8046) to
78 m a.s.l. (45.2586; 19.81895) in Novi Sad (Table
1). We analysed the data in R (R Core Team 2020).

Table 1. Localities with latitude, longitude, altitude and
abbreviations.

Code Latitude Longitude | Altitude
MNE-T1-2 42.447900 | 19.211846 33
MNE-T3-5 42.447923 | 19.211396 33
MNE-M1-2 42.321805 | 19.282739 15
MNE-M3-5 42.322158 | 19.282916 16
MNE-P1-2 42.425145 | 19.209422 33
MNE-P-3-5 42.425093 | 19.209227 33

NMKD-1 42.003592 | 21.45865 252
NMKD-2 42.003785 | 21.45898 252
NMKD-3 42.003792 | 21.460202 251
NMKD-4 42.003917 | 21.459897 250
NMKD-5 42.002903 | 21.459275 249
E-SRB-NS-1.2. 45.2586 19.81895 78
E-SRB-NS-3.7.9. 45.25866 19.81826 77
E-SRB-NS-11.12. 45.24002 19.80403 77
E-SRB-NS-13.14.15. | 45.24044 19.8046 76
E-SRB-NS-21.22. 45.25128 19.84605 78
E-SRB-NS-25.28.29. | 45.25032 19.84518 78
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Fig. 1. Total number of eggs at all localities/countries (number of eggs at y-axis shown at 25 as maximum to highlight
overwintering activities; data labels added only for the line representing Novi Sad data set; highlighted values for Novi
Sad shows weeks when eggs were observed during the winter).

Results

In Podgorica (Montenegro), the activity of Ae. al-
bopictus started to decrease from 26™ October till 6
December. Between 7" and 20" December, only one
egg was found in one locality. Afterwards, no eggs
were found until 28" March at any of the localities.
The new season started between 29" March and 11®
April (13-14" week) (Fig. 1). We recorded the first
larva during the period 9-12™ week but in used tires
in localities MNE-M1-2 and MNE-M3-5 and not in
the ovitraps.

Under the continental climate and at the high-
est altitude, in Skopje (North Macedonia), the period
with decreasing number of eggs ends 26" October —
8" November. During the period 9-22" November,
31 eggs were recorded at one locality. Starting from
23" November, no eggs were collected in any of the
localities until 25™ April. The activity starts in the
period 26™ April — 9" of May (17-18" week).

In the same type of climate but at significantly
lower altitude, in Novi Sad (Serbia), stable and de-
creasing number of eggs in ovitraps were recorded
from 26" October until 22™ November. During the
period 23 November — 6" December, activity was
observed in a couple of localities with three eggs
in total. After that, during wintertime, surprisingly,
activities were observed at the end of December
and during February. Actually, eggs were collected
during the period 21* December — 3™ January (52-

531 week) at locality SRB13.14.15. and during
the period 15-28" February (7-8" week) at locality
SRB3.7.9. (Fig. 1). No activity was recorded for the
rest of the period 7" December - 6™ June. Unexpect-
edly, activity of Ae. albopictus started in Novi Sad
three weeks after Skopje and five weeks after Pod-
gorica; first eggs were collected during period 7-20™
June (23-24" week).

Discussion

The three countries/areas of interest are considered
as uniform by the Koppen-Geiger climate classifi-
cation — Cfa (temperate climate, no dry season and
hot summer) (CLIMATE-DATA.ORG), but with some
differences in terms of climate characteristics. Pod-
gorica has an average January temperature of 4.2°C,
the average annual temperature is 15.1°C and the
rainfall average is 1956 mm per year. In Skopje, the
average January temperature is 1.1°C, the average
annual temperature is 13°C and the rainfall is 568
mm per year. In Novi Sad, average January tempera-
ture is 0.8°C, the temperature average is 12.7°C and
the rainfall is 695 mm. Some values are almost at the
edge of the limit that CUNZE et al. (2016) suggested
for the successful establishment of Ae. albopictus in
Europe. Our surveillance supports their statements:
in the three countries studied, de. albopictus has a
well-established population with a capability for
overwintering. Even being uniform (Cfa), the dif-
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Fig. 2. Proportion considering weeks of diapausing be-
tween the three sampling sites in response to climate.

ferences in climate characteristics between countries
appear statistically important for the analysis, con-
sidering the duration of diapausing at three sampling
sites in response to climate: 14 weeks in Podgorica,
22 in Skopje and 26 in Novi Sad, respectively. Chi-
squared analysis showed a significant difference be-
tween cities and the weekly activity during the year-
long observed period (x2 = 5.9, df = 2, P = 0.049),
where the test for independence of all factors was 2
=5.996, df = 2, p-value = 0.04989 (Fig. 2).

The most interesting data from the surveillance
appear in Novi Sad: a first record of outdoor repro-
ductive activity of the Asian tiger mosquito during
the winter period in December and February on the
Balkans (Fig. 1). The record surprisingly appears
farther north than expected, since we predicted that
eggs should be found in a more favourable climate,
i.e. in Podgorica or in Skopje, even with the influ-
ence of higher altitude. The answer can be a low
number of ovitraps positioned in less favourable
conditions. Nevertheless, this record corresponds
with data of Rowmr et al. (2006) in the city of Rome
and COLLANTES et al. (2014) in the region of Mur-
cia, demonstrating a constant oviposition activity of
females of Ae. albopictus during the wintertime. We
checked for larvae in ovitraps during the monitored
season and we stimulated hatching in the lab but, in
all cases, including Novi Sad, we did not succeed to
hatch eggs or develop larvae before the beginning
of the new season. The phenomenon of diapause
is induced mainly by photoperiod and temperature
(HAawLEY 1988); on this basis, Romr et al. (2006)
made two hypotheses: (1) long-lived female Ae. al-
bopictus belonging to the last seasonal generation
could have continued their activity for three months
and (2) one or more cycles of reproduction have oc-
curred at breeding sites with a favourable microcli-
mate. COLLANTES et al. (2014) suggests that under
the favourable winter conditions the first hypothesis
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is a fact. As we finding no larvae in nature/traps
and were not able to hatch eggs in the laboratory,
our results confirm the first hypothesis of Romr et
al. (2006) and the conclusions of COLLANTES et al.
(2014) that some females from the last generation in
a season can extend overwintering eggs deposition
during wintertime.

Conclusions

We confirmed rare occasions of outdoor reproduc-
tive activity of de. albopictus during the winter pe-
riod (at end of December and in mid-February) in
three countries with a similar Balkan climate within
the limit values for its successful establishment in
Europe. As we did not find any larvae in ovitraps
and we were not able to hatch them from the col-
lected eggs in the laboratory, we conclude that long-
lived females, belonging to the last seasonal gen-
eration continuing their activity during wintertime
in a favourable microclimate. Considering climate
change predictions, it will be necessary to pay atten-
tion to invasive tropical mosquito species and their
ability to continue development during less favour-
able winter conditions in Europe. The suggestion is
to plan further surveillance, at least in South Euro-
pean countries, during the whole year. The surveil-
lance during winter can be done with fewer traps per
localities but will need to include, besides eggs pres-
ence, larval presence in the ovitraps and egg hatch-
ing stimulation in the laboratories.
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