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Abstract  
Aedes koreicus is an invasive alien mosquito species native to Asia now introduced in several European countries, 
including northern Italy. In this temperate region, mosquito populations survive cold winter temperatures thanks 
to diapausing eggs or adults, depending on the species. In its native area, Ae. koreicus was reported to overwinter 
in the egg stage, but to the best of our knowledge, it is not confirmed whether overwintering eggs are actually 
diapausing or only in a quiescence stage, i.e., they might hatch as soon as external conditions are favorable. Based 
on previous laboratory studies, we established a diapausing Ae. koreicus colony, maintained at 21 °C with a photo-
period of 12L:12D. Females were allowed to lay eggs, which were consequently placed in water at different time 
intervals after oviposition, from 30 days to 5 months. We found that diapausing eggs younger than 3 months have 
a poor hatching rate, while after about 100 days we observed that almost all eggs hatched. Our findings highlight 
that water immersion alone did not lead to the hatching of eggs, as age was found to be a significantly important 
factor. We thus confirm effective diapause, occurring at the egg stage, for Ae. koreicus in a recently invaded area. 
Moreover, our quantification of diapause duration and hatching success might help in better designing future 
experiments and improving modeling efforts.
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Aedes koreicus (Edwards, 1917) is an invasive alien mosquito 
species native to Asia [1]. It was recorded for the first time 
outside its native range in Europe (Belgium) in 2008 [2], and 
to date it has successfully established in several European 
countries [3]. In particular, in Northern Italy this mosquito 
species has been spreading quickly since its first detection in 
2011 [4–8], probably thanks to its ability to tolerate the cli-
matic conditions of the area [6].

This mosquito species has been shown experimentally 
to be competent to transmit the dog heartworm Dirofi-
laria immitis [9] and the chikungunya and Zika viruses 

[10, 11]. Despite its potential threat for both human and 
animal health, the biology and ecology of Ae. koreicus 
within areas of new invasion are still poorly known.

Winters in temperate areas might substantially con-
strain mosquito survival and development [12]. To face 
this challenge, mosquitoes have evolved a programmed 
dormancy known as diapause [12]. In particular, in its 
native area, Ae. koreicus has been reported to pass winter 
in the egg stage, hatching in the spring when the ice melts 
[13]. However, to the best of our knowledge, it is not con-
firmed whether overwintering eggs are actually diapaus-
ing or only in a quiescence stage. Diapause is defined as 
a form of dormancy that is hormonally programmed in 
advance of its onset and is not immediately terminated 
in response to favorable conditions. Such advanced pro-
gramming distinguishes diapause from quiescence, a 
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dormancy that is prompted in direct response to unfa-
vorable environmental conditions and is immediately 
terminated upon the return of favorable factors. Hence, 
diapausing eggs respond to favorable external stimuli 
only after a fixed interval has elapsed [12].

We previously quantified how different constant tem-
peratures can affect life history traits of this species by 
successfully establishing an Ae. koreicus laboratory col-
ony [6]. Based on this previous investigation, we carried 
out additional experiments to confirm diapause in this 
mosquito species and evaluate its duration.

From the above-mentioned colony, we established a 
diapausing secondary colony. Larvae hatched from non-
diapausing eggs from the primary colony were reared 
following the same protocol described in [6] but with a 
different temperature (21 °C) and photoperiod (12L:12D 
instead of 16L:8D) with 1 h of dawn and 1 h of dusk. This 
photoperiod simulates the day/night cycle occurring dur-
ing the end of September in northern Italy. As observed 
in [14], a photoperiod of 11L:13D (mid-October) induces 
a 100% rate of diapausing eggs in Ae. japonicus japonicus 
(Theobald, 1901). We chose a slightly different photoper-
iod as we observed better fitness in our colony.

Females of the diapausing colony were allowed to lay 
eggs on a filter paper within an ovitrap filled with dechlo-
rinated water and grass infusion. Strips with eggs were 
then removed once a week and placed in plastic cups par-
tially covered with a lid to maintain high relative humid-
ity. Eggs were maintained under the same conditions as 
the diapausing colony until the beginning of experiments.

Starting  1 month from oviposition, a subset of eggs 
laid at different dates were tested to evaluate whether 
diapause had been correctly induced by the rearing con-
ditions described above. Eggs were divided into groups 
ranging from 5 to 26 eggs and three to twelve replicates 
were made for each tested age, namely 1, 1.5, 2, 2.5, 3, 
3.5, 4, 4.5, and 5 months (30–150 days) after oviposition. 
Under a stereomicroscope, eggs were evaluated to avoid 
the presence of damaged, desiccated, or hatched eggs 
before forming the groups of eggs. Eggs were placed in 
plastic glasses filled with 100 ml of dechlorinated water. 
Four mg of finely ground cat food was added to the water 
as a hatching stimulus. The strips with eggs were left in 
water for 5 days and then left to dry for 2 days. Emerged 
larvae were counted during the flooding period and then 
removed. This procedure was carried out twice. At the 
end of this process, unhatched eggs were submerged in 
a commercial bleach solution (3.5% chlorine concentra-
tion) until the complete clarification of the egg shells. 
Under a stereomicroscope, eggs were examined and 
considered  embryonated when complete segmenta-
tion, eye spots, and egg buster were observed. All the 
hatching experiments were performed under constant 

temperature (21 ± 1  °C) and relative humidity (75 ± 5%) 
with a photoperiod of 16L:8D with 1 h of dawn and 1 h 
of dusk.

Observed hatching rates are reported in Table  1 and 
Fig. 1. There is a clear increasing trend, implying a posi-
tive relationship between egg age and successful hatch-
ing. Such association is confirmed by a generalized linear 
model (GLM) with binomial-distributed error (estimated 
coefficients presented in Table  2) considering the frac-
tion of hatched eggs and age (in months) as dependent 
and explanatory variables respectively. By looking at the 
number of embryonated eggs (obtained by summing 
the number of hatched eggs and the number of embryos 
found after bleaching) we can conclude that age seems to 
be a key factor determining hatching success.

Table 1 Initial number of eggs, number of embryonated eggs, 
and hatching rates (as fraction), with standard error, for the 
different tested ages

Age (months) Initial eggs  Embryonated 
eggs

Hatching rate 
(with standard 
error)

1 238 185 0.03 ± 0.01

1.5 129 121 0.09 ± 0.03

2 121 115 0.18 ± 0.03

2.5 119 115 0.28 ± 0.04

3 62 54 0.44 ± 0.06

3.5 71 68 0.94 ± 0.03

4 92 83 0.78 ± 0.04

4.5 77 66 0.53 ± 0.06

5 59 51 0.68 ± 0.06

Fig. 1 Fraction of hatched eggs for each tested age (in months). 
Points: average values. Vertical lines: 95% Confidence Intervals 
(average ± 1.96∙standard error, SE)
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Hatching rates are significantly different between 
different ages (Binomial tests’ P-values < 0.05) with 
the exception of the fractions observed for 3 and 
4.5 months and 4 and 5 months.

Our findings highlight that Ae. koreicus diapausing 
eggs require at least 3  months in order to hatch with 
substantial success. The optimal age (0.94 probability 
of successful hatch) seems to be around 3.5  months 
(about 100 days). This is in accord with previous stud-
ies carried out for Ae. albopictus. In particular, a period 
of 90–100 days was required to ensure diapause termi-
nation for laboratory experiments [15–17]. In another 
study aimed at quantifying diapause duration, the 
authors estimated the time needed for half of Ae. albop-
ictus diapausing eggs to hatch to be about 110 days [18]. 
Similarly, in [14] the authors estimated the duration of 
diapause in Ae. j. japonicus to be at least 3 months.

Moreover, this study points out that water immersion 
alone did not lead to the hatching of eggs, while fully 
developed embryos were observed in these eggs after a 
bleaching treatment. Our investigation thus confirms 
effective diapause for Ae. koreicus in northern Italy.

Our experiments improve our current scarce knowl-
edge of Ae. koreicus biology and developmental cycle, 
providing important insights on how this species over-
winters in Europe. Our findings could help in design-
ing future experiments more effectively and improving 
modeling efforts aimed at predicting the invasion 
dynamics of this species, and therefore the potential 
risk for human and animal health [19, 20].

Acknowledgements
Not applicable.

Author contributions
GM, DA, and AR conceived the study. DA and EI performed the experiments. 
GM analyzed the data. GM and DA drafted the manuscript. All authors critically 
revised the manuscript. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 8 March 2022   Accepted: 26 June 2022

References
 1. Tanaka K, Mizusawa K, Saugstad E. A revision of the adult and larval 

mosquitoes of Japan (including the Ryukyu Archipelago and the Ogasa-
wara Islands) and Korea (Diptera: Culicidae). Contrib Am Entomol Inst. 
1979;16:1–989.

 2. Versteirt V, Pecor JE, Fonseca DM, Coosemans M, Bortel WV. Confirmation 
of Aedes koreicus (Diptera: Culicidae) in Belgium and description of mor-
phological differences between Korean and Belgian specimens validated 
by molecular identification. Zootaxa. 2012;3191:21–32.

 3. European Centre for Disease Prevention and Control. Mosquito maps. 
2021. https:// ecdc. europa. eu/ en/ disea se- vecto rs/ surve illan ce- and- disea 
se- data/ mosqu ito- maps. Accessed 22 Feb 2022.

 4. Ballardini M, Ferretti S, Chiaranz G, Pautasso A, Riina MV, Triglia G, et al. 
First report of the invasive mosquito Aedes koreicus (Diptera: Culicidae) 
and of its establishment in Liguria, northwest Italy. Parasit Vectors. 
2019;12:334.

 5. Gradoni F, Bertola M, Carlin S, Accordi S, Toniolo F, Visentin P, et al. 
Geographical data on the occurrence and spreading of invasive Aedes 
mosquito species in Northeast Italy. Data Brief. 2021;36:107047.

 6. Marini G, Arnoldi D, Baldacchino F, Capelli G, Guzzetta G, Merler S, et al. 
First report of the influence of temperature on the bionomics and popu-
lation dynamics of Aedes koreicus, a new invasive alien species in Europe. 
Parasit Vectors. 2019;12:524.

 7. Montarsi F, Drago A, Martini S, Calzolari M, De Filippo F, Bianchi A, et al. 
Current distribution of the invasive mosquito species, Aedes koreicus 
[Hulecoeteomyia koreica] in northern Italy. Parasit Vectors. 2015;8:614.

 8. Negri A, Arnoldi I, Brilli M, Bandi C, Gabrieli P, Epis S. Evidence for the 
spread of the alien species Aedes koreicus in the Lombardy region. Italy 
Parasit Vectors. 2021;14:534.

 9. Montarsi F, Ciocchetta S, Devine G, Ravagnan S, Mutinelli F, Frangipane 
di Regalbono A, et al. Development of Dirofilaria immitis within the mos-
quito Aedes (Finlaya) koreicus, a new invasive species for Europe. Parasit 
Vectors. 2015;8:177.

 10. Ciocchetta S, Prow NA, Darbro JM, Frentiu FD, Savino S, Montarsi F, et al. 
The new European invader Aedes (Finlaya) koreicus: a potential vector of 
chikungunya virus. Pathog Glob Health. 2018;112:107–14.

 11. Jansen S, Cadar D, Lühken R, Pfitzner WP, Jöst H, Oerther S, et al. Vec-
tor competence of the invasive mosquito species Aedes koreicus for 
arboviruses and interference with a novel insect specific virus. Viruses. 
2021;13:2507.

 12. Denlinger DL, Armbruster PA. Mosquito diapause. Annu Rev Entomol. 
2014;59:73–93.

 13. Miyagi I. Notes on the Aedes (Finlaya) chrysolineatus subgroup in Japan 
and Korea (Diptera : Culicidae). Trop Med. 1971;13:141–51.

 14. Krupa E, Henon N, Mathieu B. Diapause characterisation and seasonal-
ity of Aedes japonicus japonicus (Diptera, Culicidae) in the northeast of 
France. Parasite. 2021;28:45.

 15. Hanson SM, Craig GB. Cold acclimation, diapause, and geographic origin 
affect cold hardiness in eggs of Aedes albopictus (Diptera: Culicidae). J 
Med Entomol. 1994;31:192–201.

 16. Thomas SM, Obermayr U, Fischer D, Kreyling J, Beierkuhnlein C. Low-tem-
perature threshold for egg survival of a post-diapause and non-diapause 
European aedine strain, Aedes albopictus (Diptera: Culicidae). Parasit Vec-
tors. 2012;5:100.

Table 2 Estimates, standard errors, and P-values of the 
parameters of the GLM associating hatching rates and age (in 
months)

Parameter Coefficient 
estimate

Standard error z value P-value

Intercept − 3.68 0.22 − 16.63 < 0.001

Age 1.09 0.07 15.36 < 0.001

https://ecdc.europa.eu/en/disease-vectors/surveillance-and-disease-data/mosquito-maps
https://ecdc.europa.eu/en/disease-vectors/surveillance-and-disease-data/mosquito-maps


Page 4 of 4Marini et al. Parasites & Vectors          (2022) 15:315 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 17. Tippelt L, Werner D, Kampen H. Low temperature tolerance of three Aedes 
albopictus strains (Diptera: Culicidae) under constant and fluctuating 
temperature scenarios. Parasit Vectors. 2020;13:587.

 18. Batz ZA, Clemento AJ, Fritzenwanker J, Ring TJ, Garza JC, Armbruster PA. 
Rapid adaptive evolution of the diapause program during range expan-
sion of an invasive mosquito. Evolution. 2020;74:1451–65.

 19. Da Re D, Van Bortel W, Reuss F, Müller R, Boyer S, Montarsi F, et al. 
dynamAedes: a unified modelling framework for invasive Aedes mosqui-
toes. Ecology. 2021. https:// doi. org/ 10. 1101/ 2021. 12. 21. 473628

 20. Marcantonio M, Metz M, Baldacchino F, Arnoldi D, Montarsi F, Capelli G, 
et al. First assessment of potential distribution and dispersal capacity of 
the emerging invasive mosquito Aedes koreicus in Northeast Italy. Parasit 
Vectors. 2016;9:63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1101/2021.12.21.473628

	Diapause characterization in the invasive alien mosquito species Aedes koreicus: a laboratory experiment
	Abstract 
	Acknowledgements
	References




