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Abstract 

Background  Aedes albopictus is catalogued as one of the 100 most dangerous species worldwide. Native to Asia, 
the species has drastically increased its distribution range, reaching all continents except Antarctica. The presence 
of Ae. albopictus in Spain was first reported in 2004 in Cataluña (NE Spain), and it is spreading in the country.

Methods  We conducted an extensive mosquito monitoring study in the natural protected area of the Doñana 
National Park (SW Spain) in 2023. After identifying the presence of Ae. albopictus, a mosquito control strategy 
was developed and implemented to eradicate the species in the area.

Results  Overall, 12,652 mosquito females of 14 different species were captured at nine sites within the park. 
For the first time, the presence of Ae. albopictus was recorded in the area, despite intensive trapping performed 
at some localities since 2003. The presence of this invasive species in the park is most likely linked to human activi‑
ties, potentially facilitated by daily car trips of personnel. Although larvae of Culex, Anopheles, and Culiseta mosquitoes 
were identified in these containers, the presence of Ae. albopictus larvae was not recorded in those locations. In spite 
of that, the biological larvicide Bacillus thuringiensis israelensis (Bti) was applied to artificial containers potentially used 
by Ae. albopictus as breeding sites.

Conclusions  This work evidences the high capacity of Ae. albopictus to reach highly conserved natural areas 
far from urban foci. We discuss the implications of the presence of Ae. albopictus in this endangered ecosystem 
and the potential control measures necessary to prevent its reintroduction.
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Background
Mosquitoes and the pathogens they transmit are sig-
nificant global health concerns, causing fatalities and 
economic impacts worldwide [1]. Favored by human 
activities, different mosquito species have been 

introduced and established in new areas, affecting the 
local transmission of vector-borne pathogens. This is the 
case of invasive mosquitoes of the Aedes genus. Their 
expansion has changed the epidemiological scenarios of 
various pathogens in the new areas they have invaded. 
Additionally, invasive Aedes mosquitoes, owing to their 
cumulative damage and management costs, represent the 
highest economic impact among known invasive taxa [2].

The Asian tiger mosquito, Aedes albopictus, is a wide-
spread mosquito species catalogued as one of the 100 
worst invasive species [3]. Native to Southeast Asia, Ae. 
albopictus has significantly expanded its distribution 
in recent decades. International trade of used tires and 
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lucky bamboo, among other goods, has contributed to 
the global spread of Ae. albopictus [4]. In Europe, this 
species was first detected in Albania in 1979 and nowa-
days is established in many countries in the continent, 
especially in the Mediterranean basin. In 2004, Ae. albop-
ictus was first identified in Spain, in an area of Cataluña 
(NE Spain), and since then it has progressively colonized 
several areas, including Southern Spain (e.g., Andalusia) 
[5, 6]. Aedes albopictus represents a major threat to pub-
lic health as it is a competent vector of viruses causing 
dengue, Zika, and Chikungunya [7, 8], as well as zoonotic 
parasites, such as Dirofilaria [9], enabling local transmis-
sion of these pathogens in the invaded areas.

In 2023, we conducted a mosquito monitoring study 
across different areas of the protected wetland of the 
Doñana National and Natural Park tracking mosquito 
populations in the region. Upon detecting the invasive 
Ae. albopictus during this surveillance, we implemented 
control measures, in coordination with the authorities of 
this protected area.

Methods
Study area, mosquito trapping, and identification
This study was conducted in the World Heritage Site 
of Doñana National and Natural Park, Southern Spain 
(Fig.  1). This exceptional wetland is characterized by 
a typical Mediterranean climate, featuring a long dry 

summer season with most precipitation occurring dur-
ing winter and spring. Mosquito trapping was con-
ducted using two Biogents BG-sentinel-2 traps at each 
of the nine sampling sites within the park. Traps were 
baited with ca. 1  kg of dry ice as a source of CO2 for 
mosquito attraction. At each sampling site, mosquito 
traps operated for 24 h. Sampling sites were selected on 
the basis of accessibility and to represent areas with dif-
ferent environmental characteristics within the park. In 
addition, we included sampling sites that were sampled 
in previous studies conducted in the area. Four trap-
ping sessions were conducted in this study, one session 
every 45  days, from April to September 2023. Adult 
mosquitoes were preserved in dry ice in the field and 
stored frozen at −80ºC until morphological identifica-
tion in the laboratory. Subsequently, mosquitoes were 
sorted by sex and date of collection on a chill table, 
and then identified to the species level on the basis of 
their morphology ([10]; see further details of the pro-
cedure in [11]). After identifying Ae. albopictus in this 
area (see Results), a control plan was developed. Tech-
nicians from the Servicio de Control de Plagas of the 
Diputación de Huelva identified mosquito larvae pre-
sent in the artificial water containers at the positive 
sites. They applied Bti (VECTOBAC 12 AS) at a con-
centration of 20 ml/l to artificial water containers pre-
sent in these positive sites.

Fig. 1  Sampling sites in the Doñana National and Natural Park. Sampling localities negative (n = 7) and positive (n = 2) for the presence of Aedes 
albopictus are marked with circles and triangles, respectively. Note that the two positive localities were so close that the symbols overlap
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Results
In total, 12,652 mosquito females belonging to 14 dif-
ferent species and four genera were captured (Table 1). 
During this study, three traps failed to work during a 
single trapping session, and the very few mosquitoes 
retained in these traps were not taken into considera-
tion. The most common mosquito species was Aedes 
(Ochlerotatus) caspius (n = 8794 females), representing 
69.5% of the mosquito females captured. The number 
of mosquito females captured for the remaining species 
are shown in Table 1. In total, 121 males were captured 
in the present monitoring, including 55 Culex theileri, 
31 Anopheles atroparvus, 18 Cx. pipiens, 9 Ae. caspius, 
5 Culiseta longiareolata, 1 Cx. modestus, and 1 Ae. vex-
ans. In addition, 1 male and 13 females of Ae. albopic-
tus were trapped at two sampling sites of the Doñana 
National Park, namely Palacio de Doñana and the Lucio 
del Palacio (Fig. 1). These sites were relatively close to 
each other (300  m, approximately). All Ae. albopictus 
mosquitoes were captured during the trapping sessions 
conducted in August and September.

Bti treatments were applied in two sessions, on 21 
August and 18 September, to artificial water containers 
at the two positive sites (Fig. 2). Entomological inspec-
tions of water containers behind Lucio del Palacio 
identified Culex perexiguus larvae, while larvae of the 
species Cx. pipiens s.l., Cx. theileri, Culex laticinctus, 
An. atroparvus, and Cs. longiareolata were found in 
Palacio de Doñana. The presence of Ae. albopictus lar-
vae was not recorded in these places.

Discussion
The continuous monitoring of mosquitoes in the Doñana 
National and Natural Park in 2023 allowed the identifi-
cation of 14 different mosquito species belonging to the 
genera Aedes, Anopheles, Culex, and Culiseta. In this 
area, mosquito monitoring has been routinely conducted 
since 2003 [12]; however, the presence of the invasive 
species Ae. albopictus in this highly protected natural 
area has not been reported until now.

The passive transport of Ae. albopictus by cars has 
been demonstrated in Spain [13], which may also explain 
its introduction in Doñana. Adult mosquitoes could be 
transported in vehicles from surrounding areas where 
this species is already established. According to the 
citizen science platform Mosquito Alert (https://​www.​
mosqu​itoal​ert.​com), there was a significant increase in 
Ae. albopictus reports rising from 19 in 2022 to 200 in 
2023 in the surrounding provinces of Sevilla and Huelva. 
Another possible explanation is the local transport of 
material (i.e., containers, pots, or other goods) harbor-
ing the eggs or immature stages of Ae. albopictus. Eggs 
of Ae. albopictus are highly resistant to desiccation and 
shipping, allowing the viability of specimens transported 
from one site to another. Although we did not detect 
Ae. albopictus larvae, suitable habitats for the develop-
ment of the larvae of this species mostly include artifi-
cial water containers, although Ae. albopictus can also 
use natural breeding sites [14]. Aedes albopictus females 
feed on blood from a wide range of vertebrates, although 
mammals, including humans, dominate their diet [15]. 
Humans are present in the areas where Ae. albopictus 

Table 1  Number of mosquito females captured in this study

Species Lucio del Palacio RBD Control RBD2 RBD4 Arroyo de 
la Cañada 
Mayor

C.V. 
José A. 
Valverde

Santa Olalla Manecorro Palacio 
de 
Doñana

Total

Aedes (Aedimorphus) vexans 9 9

Aedes (Ochlerotatus) berlandi 1 1

Aedes (Ochlerotatus) caspius 148 391 364 1358 81 43 5903 208 298 8794

Aedes (Ochlerotatus) detritus 43 4 19 188 1 70 218 151 694

Aedes (Stegomyia) albopictus 12 1 13

Aedes sp. 1 1

Anopheles algeriensis 32 32

Anopheles atroparvus 31 7 6 33 69 70 9 10 31 266

Culex laticintus 3 1 4

Culex modestus 2 2 1 133 7 2 147

Culex perexiguus 4 2 3 745 62 25 38 3 882

Culex pipiens 71 126 2 26 185 10 85 28 533

Culex theileri 36 9 4 11 26 583 251 247 88 1255

Culiseta annulata 1 3 5 9

Culiseta longiareolata 1 7 4 12

https://www.mosquitoalert.com
https://www.mosquitoalert.com
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mosquitoes were found in Doñana, especially during 
the day when the species reaches its maximum activity. 
The potential role of this mosquito species in the local 
transmission of pathogens in the studied area, including 
zoonotic ones, merits further investigation. This includes 
Dirofilaria immitis, which may circulate in Doñana and 
affect highly endangered species, such as the Iberian lynx 
Lynx pardinus [16]. West Nile and Usutu viruses also cir-
culate in the area [17] and could be transmitted by Ae. 
albopictus [14], although the role of this species in the 
transmission of avian pathogens is likely low owing to its 
highly mammal-biased blood-feeding pattern [15, 18].

Because Ae. albopictus colonization of the area mon-
itored in this study should be at an initial stage, local 
authorities authorized an urgent control program to 
prevent or minimize spread. In our study, we applied 
Bti in water-holding containers at two time points to 
inhibit the development of mosquito larvae in artifi-
cial containers used as potential larval sites. Although 
in this study we collected mosquitoes until September, 
additional captures done in the Palacio de Doñana sta-
tion using Center for Disease Control (CDC) traps sup-
plemented with CO2 in September and October did 
not detect the presence of Ae. albopictus. While these 

actions may have contributed to limiting the establish-
ment of Ae. albopictus in the area where Ae. albopictus 
was found, future reintroductions should be consid-
ered. Therefore, it is necessary to define future monitor-
ing recommendations and control measures to reduce 
the chances of establishment. For example, it is impor-
tant to clean and sterilize any container introduced in 
the area that can retain water using diluted bleach, and 
to cover all the tanks used for microcosm experiments 
with water with mosquito screens. However, the main 
routes of Ae. albopictus introduction into the Doñana 
National and Natural Park are probably the vehicles 
used by researchers, workers, and park visitors, making 
extremely difficult to reduce this source of introduc-
tion. A possible solution for minimizing the impact of 
this kind of importation would be the spraying of com-
mercial insecticides inside vehicles before displace-
ments, especially during the months of peak activity of 
Ae. albopictus. This may help minimizing this form of 
introduction.

Acknowledgements
We thank the help of Álvaro Solís during the fieldwork and mosquito identifi‑
cation. David Aragonés from LAST-EBD did the map. Two anonymous review‑
ers provided valuable comments on a previous version of the manuscript.

Fig. 2  Water well A and artificial water-holding containers B around the positive traps used by mosquitoes as breeding sites in the Doñana 
National Park



Page 5 of 5Martínez‑de la Puente et al. Parasites & Vectors          (2024) 17:343 	

Author contributions
J.M.P. and J.F. designed the study and secured funding; J.F., S.M., M.A.G., F.C., 
and S.R. contributed to data collection and mosquito identification; J.M.P. 
wrote the first version of the article with valuable contributions from S.M., 
M.A.G., M.J.R.L., R.C.S., F.C., S.R., and J.F.

Funding
This study was financed by the grant PN2022-2945 from the Organismo 
Autónomo Parques Nacionales. Additional support derived from the CNS2022-
135993 grant of the Ministerio de Ciencia e Innovación (MCIN/AEI/https://​doi.​
org/​10.​13039/​50110​00110​33) with funding from European Union NextGen‑
erationEU. This work has been in part sustained by the RBD-ICTS.

Availability of data and materials
Data analyzed in 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 no competing interests.

Received: 31 May 2024   Accepted: 7 August 2024

References
	1.	 Goddard J. Infectious diseases and arthropods. New York: Springer Sci‑

ence & Business Media; 2009.
	2.	 Diagne C, Leroy B, Vaissière AC, Gozlan RE, Roiz D, Jarić I, et al. High 

and rising economic costs of biological invasions worldwide. Nature. 
2021;592:571–6.

	3.	 Lowe S, Browne M, Boudjelas S, De Poorter M. 100 of the world’s worst 
invasive alien species. A selection from the global invasive species data‑
base. The invasive species specialist group (ISSG), 12 p; 2000

	4.	 Swan T, Russell TL, Staunton KM, Field MA, Ritchie SA, Burkot TR. A 
literature review of dispersal pathways of Aedes albopictus across differ‑
ent spatial scales: implications for vector surveillance. Parasit Vectors. 
2022;15:303.

	5.	 Collantes F, Delacour S, Alarcón-Elbal PM, Ruiz-Arrondo I, Delgado JA, 
Torrell-Sorio A, et al. Review of ten-years presence of Aedes albopictus in 
Spain 2004–2014: Known distribution and public health concerns. Parasit 
Vectors. 2015;8:655.

	6.	 Garrido M, Veiga J, Garrigós M, Morales-Yuste M, Recuero-Gil J, Martínez-
de la Puente J. Aedes albopictus in a recently invaded area in Spain: 
effects of trap type, locality, and season on mosquito captures. Sci Rep. 
2024;14:2131.

	7.	 Gloria-Soria A, Payne AF, Bialosuknia SM, Stout J, Mathias N, Eastwood 
G, et al. Vector competence of Aedes albopictus populations from the 
northeastern United States for Chikungunya, dengue, and Zika viruses. 
Am J Trop Med Hyg. 2021;104:1123.

	8.	 Gutiérrez-López R, Figuerola J, Martínez-de la Puente J. Methodological 
procedures explain observed differences in the competence of European 
populations of Aedes albopictus for the transmission of Zika virus. Acta 
Trop. 2023;237:106724.

	9.	 Cancrini G, Frangipane di Regalbono A, Ricci I, Tessarin C, Gabrielli S, 
Pietrobelli M. Aedes albopictus is a natural vector of Dirofilaria immitis in 
Italy. Vet Parasitol. 2003;118:195–202.

	10.	 Becker N, Petrić D, Zgomba M, Boase C, Madon M. Mosquitoes: Identifica‑
tion, ecology and control. Springer Nature: Cham; 2020.

	11.	 Ferraguti M, Martínez-de la Puente J, Roiz D, Ruiz S, Soriguer R, Figuerola J. 
Effects of landscape anthropization on mosquito community composi‑
tion and abundance. Sci Rep. 2016;6:29002.

	12.	 Roiz D, Ruiz S, Soriguer R, Figuerola J. Climatic effects on mosquito abun‑
dance in Mediterranean wetlands. Parasit Vectors. 2014;7:333.

	13.	 Eritja R, Palmer JRB, Roiz D, Sanpera-Calbet I, Bartumeus F. Direct evidence 
of adult Aedes albopictus dispersal by car. Sci Rep. 2017;7:14399.

	14.	 Pereira-dos-Santos T, Roiz D, Lourenço-de-Oliveira R, Paupy CA. System‑
atic review: Is Aedes albopictus an efficient bridge vector for zoonotic 
arboviruses? Pathogens. 2020;9:266.

	15.	 Cebrián-Camisón S, Martínez-de la Puente J, Figuerola J. A literatura 
review of host feeding patterns of invasive Aedes mosquitoes in Europe. 
Insects. 2020;2020:848.

	16.	 Acosta L, León-Quinto T, Bornay-Llinares FJ, Simón MÁ, Simón F, Morchón 
R. Dirofilaria immitis: a new potential pathogen for the endangered 
Iberian Lynx (Lynx pardinus). Intern J Appl Res Vet Med. 2019;17:17–21.

	17.	 Magallanes S, Llorente F, Ruiz-López MJ, Martínez-de la Puente J, Soriguer 
R, Calderon J, et al. Long-term serological surveillance for West Nile and 
Usutu virus in horses in south-West Spain. One Health. 2023;17:100578.

	18.	 Veiga J, Garrido M, Garrigós M, Chagas CRF, Martínez-de la Puente J. A 
Literature review on the role of the invasive Aedes albopictus in the trans‑
mission of avian malaria parasites. Animals. 2024;14:2019.

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

https://doi.org/10.13039/501100011033
https://doi.org/10.13039/501100011033

	The invasive Aedes albopictus in the Doñana World Heritage Site
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study area, mosquito trapping, and identification

	Results
	Discussion
	Acknowledgements
	References


