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Abstract

Background Mosquitoes inhabiting urban green spaces and cemeteries in Europe represent a crucial facet of pub-
lic health concern and contribute to the ecological balance. As urbanization intensifies, these areas increasingly
serve as vital habitats for various mosquito species, fostering breeding grounds and increasing the risk of disease
transmission.

Methods A study was conducted in the three main cities (inland, coastal, and estuarine) of the Basque Country,
northern Spain, to investigate the species composition, abundance, dynamic populations, larval habitats, and host
preferences of mosquitoes in urban green spaces and cemeteries. CDC traps and dipping were used to collect mos-
quitoes for 2 years (2019-2020).

Results A total of 21 mosquito species were identified, with Culex pipiens s.l. being the most abundant and wide-
spread. The three ecological forms of Cx. pipiens were found, and Cx. pipiens pipiens was the most common

in both green areas and cemeteries. Morphological identification together with molecular tools identified 65 COI
sequences with high homology. The highest species richness was found in the inland city, followed by the coastal
city and the estuarine city. Mosquito abundance was significantly higher in green areas compared to cemeter-

ies and in the coastal and estuarine cities compared to the inland city. The investigation of larval breeding sites
highlighted the dominance of Cx. pipiens s.l., particularly in semi-artificial ponds, diverse water-holding containers
(tyres and buckets) and drainage systems in green areas; in cemeteries, most of the larvae were found in flower-
pots and funerary urns. Seasonal activity exhibited variable peaks in mosquito abundance in the different cities,
with a notable increase in July or August. Additionally, blood meal analysis revealed that Cx. pipiens s.|. fed on several
common urban avian species.

Conclusions Studies on mosquitoes are essential to understand their role in disease transmission and to design
targeted and sustainable management strategies to mitigate the associated risks.

Keywords Culicidae, Culex pipiens ecoforms, Diversity, Dynamic populations, Urban green areas, Cemeteries, Blood
meal analysis
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Background

In recent decades, urbanization and landscape anthropi-
zation have had an impact on the mosquito community
composition and abundance worldwide [1]. Thus, urbani-
zation has been recognized as a major driver of biodiver-
sity change, often resulting in a decrease in the number
of species in urban environments. This loss in mosquito
biodiversity in urban areas is a consequence of the sim-
plification of the habitat structures and alteration of
trophic interactions [2]. However, urbanization increases
the availability of human-made water habitats, providing
more suitable breeding sites for some native and invasive
mosquito species in various types of artificial containers
[3]. Invasive species like Aedes aegypti in the US [4] or
Aedes albopictus in Europe have colonized and thrived
in urban environments [5]. Consequently, these changes
have led to an increase in the global incidence of mos-
quito-borne diseases, especially in Europe [6]. Urban
green areas are the locations in cities where the most veg-
etation cover can be found. Usually, these areas are des-
tined and designed for the citizens to engage with nature,
enjoy leisure time, and perform physical activities [7, 8].
However, these environments harbour the ideal condi-
tions for mosquito proliferation [8—10]. Besides, numbers
of predators of mosquitoes, such as fish, amphibians, or
aquatic invertebrates, are usually reduced in these urban
environments [11]. Additionally, these green ecosystems
provide a wide range of animal and human hosts to feed
on [12]. Therefore, these spaces could serve as hotspots
for the proliferation of some mosquito species. A char-
acteristic of urban spaces is the high availability of waste-
water drainage systems and artificial containers, which
when filled with water become habitats for immature
stages of mosquitoes [13]. Also, urban cemeteries are
considered suitable habitats for the proliferation of both
native and invasive mosquito species [14, 15]. These types
of environments provide shelter habitats such as bushes
and trees for adult mosquitoes as well as immature stage
habitats like flowerpots [13, 14].

Usually, urban areas are generally warmer than periur-
ban and rural areas because of the urban ‘heat island
effect’ [16]. This effect is caused by the lack of vegeta-
tion cover and the presence of cemented areas in these
environments [17]. The urban heat island effect short-
ens the life cycle of mosquitoes, consequently increasing
their abundance [18]. Among Culicidae, Culex pipiens
s.l. is widely distributed throughout Europe and is the
most common species in urban areas [19, 20]. Besides,
species like Ae. albopictus, with an important role in dif-
ferent arbovirus transmissions, has a higher presence in
these human-modified landscapes [12]. This is due to
their adaptation and capacity for breeding and develop-
ing in artificial and human-made containers (e.g., road
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drains, flowerpots, cans, or buckets), which not all spe-
cies are able to use [21, 22]. Cemeteries are considered
adequate hotspots for these invasive mosquitoes, leading
to surveillance efforts in these settings [15, 23, 24]. There-
fore, with cities continuing to expand, it is imperative
to monitor the distribution and abundance of mosquito
species in green and grey areas. This is crucial for their
management and control [25] to prevent mosquito-borne
diseases.

The aim of the study was to assess the diversity, abun-
dance, seasonal dynamics, larval habitats, and trophic
preferences of mosquitoes in urban green areas and
urban cemeteries from the three main cities of the
Basque Country (northern Spain). A morphological and
molecular approach was performed to identify mosquito
species, their ecoforms, and/or sibling species. We also
evaluated the factors associated with their abundance,
species richness, and potential larval sites.

Methods
Study area
The study took place in the three main urban areas of
the Basque Country, northern Spain: the inland city of
Vitoria-Gasteiz (province of Araba), the coastal city of
Donostia-San Sebastidn (province of Gipuzkoa), and the
estuarine city of Bilbao (province of Bizkaia) (Fig. 1). The
inland city, Vitoria-Gasteiz, is the capital of the autono-
mous region of the Basque Country. It has an extension
of ca. 276 km?, with around 250,000 inhabitants and a
population density of ca. 898 inhabitants/km? [26, 27].
In 2010, the European Union (EU) awarded it the title
of 2012 European Green Capital, and in 2019, it was
also recognised as a “Global Green City” by the United
Nations (UN) due to its environmental policies, green
infrastructures, and sustainable mobility [28]. The estu-
arine city, Bilbao, covers an area of 41.60 km?, with ca.
345,000 inhabitants and a population density of ca. 8296
inhabitants/km? [26, 27]. Until the 1980s, it was primarily
an industrial area [29]. The coastal city of Donostia-San
Sebastidn spans ca. 61 km? with ca. 180,000 inhabitants
and a population density of around 2980 inhabitants/km?
[26, 27]. Both the coastal and estuarine cities enjoy Atlan-
tic climate, characterised by temperate and wet condi-
tions throughout the year. In contrast, the inland city has
a transitional climate between Atlantic and Mediterra-
nean, with cold winters and drier, warmer summers [30].
In each city, a green area and a cemetery were selected
(Fig. 1). The criteria used to choose these sites was based
on easy accessibility, suitability, and lower risk of vandal-
ism. The green areas were in the heart of the selected cit-
ies. In the inland city of Vitoria-Gasteiz, the landscaped
area is used mainly for gardening, featuring small tree
forest patches, greenhouse area, as well as areas with
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Inland city |

Fig. 1 Map of the Basque Country (northern Spain) indicating the location of the three cities and the six sampling sites: Estuarine city (a Casilda
park; b cemetery); coastal city (c Kristinaenea park; d cemetery); inland city (e municipal plant nursery; f cemetery). [a, ¢, e: green urban areas (green

diamonds); b, d, f: cemeteries (red circles)]

debris and tyres. In the estuarine city of Bilbao, there
is an extensive garden with grass, scattered trees, and a
large ornamental fountain occupying part of the terri-
tory. In the coastal city of Donostia-San Sebastidn, there
is an extensive, green, leafy, damp, and highly vegetated
garden with a wide variety of plant and tree species along
with several semi-artificial water pools. A list of the hosts

that were most frequently observed during field visits is
provided (Additional file 1: Table S1).

The three selected cemeteries were different in terms
of structure, vegetation, and mainly the number of water-
holding containers, probably reflecting distinctive cul-
tural habits. All cemeteries were soil-cemented and had
mixed trees and green patches.
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Field sampling approach

Mosquito trapping was carried out fortnightly during
two periods: from 1 May to 31 October 2019 and from
1 June to 30 November 2020. The COVID-19 pandemic
in 2020 forced us to start the field sampling 1 month
later. Two CDC miniature traps (model 1212, John Hock,
Gainesville, FL, USA) were deployed in each sampling
site, equipped with incandescent light, and baited with
ca. 1.5 kg of dry ice (CO,). Traps were placed at least
100 m apart and were placed on two distinctive habi-
tats. They were positioned in shady, humid, and wind-
less areas as these are locations where mosquitoes tend
to rest. All traps were set up early in the morning and
recovered 24 h later. In addition, in 2019, mosquito lar-
val sites were searched and sampled once per month
in a radius of 200 m around CDC traps. In green areas,
immature mosquito stages were collected using a dipper
(600 ml) as detailed by Gonzalez et al. [31]. These sam-
ples were then transported to the laboratory and kept in
mosquito breeders (Bioquip Products, USA) until adult
emergence. A total of seven, four, and five types of larval
sites were inspected each month in the inland city, estua-
rine city, and coastal city, respectively. In cemeteries,
instead of sampling around a 200 m radius of each CDC
trap position, we sampled a maximum surface of 2500 m?
per site. The cemeteries of the inland and estuarine cities
contained a low number of containers (7= 149), whereas
the cemetery in the coastal city included > 340 containers
(Additional file 2: Table S2). The number of containers
inspected, number of containers with water, and num-
ber of containers positive for mosquitoes are detailed in
Additional file 2: Table S2.

Mosquito species identification

In the laboratory, mosquitoes were sorted by sex and
physiological status (blood-fed, gravid, and unfed). The
species identification relied on morphological features
of females and male genitalia using taxonomic keys [32,
33]. Examination of genitalia of males allowed for differ-
entiation between Culex torrentium and Cx. pipiens s.l.
Damaged or morphologically indistinguishable mosquito
specimens were identified by molecular methods. Briefly,
genomic DNA extraction was carried out with NZY Tis-
sue gDNA isolation kit (NZYTech, Lisboa, Portugal) fol-
lowed by a PCR targeting cytochrome c oxidase I (COI)
with primers C1-J-1718 and C1-N-2191 as described
by Delgado-Serra et al. [34]. PCR amplicons were then
purified using ExoSAP-IT (Applied Biosystems, Thermo
Fisher Scientific, Vilnius, Lithuania) and submitted for
Sanger sequencing (Eurofins Genomics, Germany).
The sequences obtained were analysed using Geneious
Prime software (v.2022.2.2) and compared with the Gen-
Bank database through nucleotide sequence homology
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searches on the network server of the National Center for
Biotechnology Information (NCBI) using BLAST or at
the Barcode of Life Database (BOLD) (http://www.bolds
ystems.org/index.php).

Mosquitoes belonging to the Anopheles maculipennis
s.. complex were identified to the species level using a
PCR-RFLP assay targeting polymorphisms in the Internal
Transcribed Spacer 2 (ITS-2) [35] with primers described
in Collins and Paskewitz [36]. Similarly, a subsample of
the specimens morphologically identified as Cx. pipiens
s.l. of each green area and cemetery were analysed by
molecular methods (ca. 25%; n=146; 44 from 2019 and
102 in 2020) to determine their ecoform (Cx. pipiens pip-
iens, Cx. pipiens molestus, and its hybrids) by targeting
the flanking region of the CQ11 microsatellite [37].

Host blood meal analysis

Vertebrate host species of blood-fed and gravid females
collected in 2019 were investigated at the Centre for Bio-
diversity Genomics, University of Guelph (Guelph, ON,
Canada). Host feeding patterns were identified using
a metabarcoding-like approach with next-generation
sequencing (NGS) technology as previously described
[38, 39]. Identification was considered valid only when
the query sequence matched the reference sequence
with at least 95% nucleotide identity. Detailed speci-
men records and sequence information were uploaded
to the Barcode of Life Database (BOLD-http://www.
boldsystems.org) and can be found within the Working
Group 1.4 Initiative “Human Pathogens and Zoonoses”
container “MCBCS-Surveillance of mosquitoes and Culi-
coides in the Basque Country, Spain” The digital object
identifier (DOI) for publicly available projects in BOLD
is doi:dx.doi.org/https://doi.org/10.5883/DS-MQBMBC.

Data analysis

Statistical analyses were performed using R statisti-
cal software version 4.2.0 [40]. Differences between the
abundance of the most trapped mosquito species in green
areas and cemeteries were analysed using non-paramet-
ric Wilcoxon rank sum test. Chi-squared test and Fisher
exact test were used to evaluate the differences between
Cx. pipiens ecoforms and the type of sampling area
(green area vs. cemetery) and city. Multivariate general-
ized linear models (GLM) were run to evaluate the differ-
ences in the overall abundance of mosquitoes (catches/
trap/night), related to sampling site (green urban area,
cemetery), city (estuarine, coastal, and inland city), year
of sampling (2019, 2020), and month of sampling (June
to October, shared period for both periods of sampling).
A negative binomial generalized linear model (NBGLMs)
was employed [41] because of the data over-dispersion of
the mosquito abundance, using the MASS package [42].
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Using the “MuMIn” package and “dredge” function [43],
the best models were selected based on Akaike informa-
tion criterion and corrected to sample size (AICc). The
overall fit of the model was evaluated with a likelihood
ratio test, comparing the best model with the null model.
Species richness (S) and Shannon-Wiener diversity (H’)
were calculated to compare biodiversity among cities,
sampling areas, and type of sampling sites (green area vs.
cemetery) using the “diversity” function in the “vegan”
package [44].

Results

Species composition and abundance

A total of 846 mosquitoes (682 females and 164 males)
were collected by CDC suction traps in green areas and
cemeteries from the Basque Country (northern Spain).
In 2019, a smaller number of mosquitoes (n=263, 207
females and 56 males) were captured compared to the
catches in 2020 (n =583 mosquitoes, 475 females and 108
males).
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Morphological and molecular analyses allowed for the
identification of 21 mosquito species (one invasive and 20
native mosquitoes), encompassing six Aedes spp., seven
Culex spp., four Anopheles spp., three Culiseta spp., and
one Cogquillettidia species (Table 1). Among them, three
species (Cx. pipiens s.., Culiseta longiareolata, and
Culex hortensis) were found in the three cities. Regard-
ing abundance, the highest mean abundance belonged to
the green area of the estuarine city (6.16+1.37) and the
lowest mean to the cemetery in the same city (1.20 + 0.26)
(Table 1). Overall mean abundance of green areas was
higher (4.13+0.55) than in cemeteries (1.51+0.17)
(W=8244; P<0.001). Interestingly, a single specimen of
Ae. albopictus was captured with CDC traps in the cem-
etery of the estuarine city in 2020.

Culex pipiens s.1./Cx. torrentium (n=622, 73.5%) was
significantly the most abundant species (W=51,945;
P<0.001), followed by Cs. longiareolata (n=118,
13.9%). In all sampled areas, the most captured spe-
cies was Cx. pipiens s.l./Cx. torrentium, being more

Table 1 Culicidae trapped by baited CDC traps in the six urban environments in the Basque Country (northern Spain) in 2019 and

2020
Culicidae Green areas Cemeteries Total
Estuarine city Coastal city Inland city Estuarine city Coastal city Inland city
Aedes albopictus 0 0 0 1 0 0 1
Ae. caspius 1 0 0 0 0 0 1
Ae. detritus 0 1 0 0 0 0 1
Ae. geniculatus 0 9 1 0 0 0 10
Ae. rusticus 0 0 6 0 0 0 6
Ae. vexans 0 1 4 0 0 0 5
Anopheles atroparvus s.s. 0 0 1 0 0 0 1
An. claviger 0 0 12 0 0 1 13
An. maculipennis s.s 0 0 2 0 0 0 2
An. plumbeus 0 8 0 0 3 0 11
Culiseta annulata 0 13 7 0 2 1 23
Cs. longiareolata 37 12 12 5 44 8 118
Cs. subochrea 0 0 1 0 0 0 1
Culex hortensis 0 0 0 3 6 1 10
Cx. mimeticus 1 0 0 0 0 1
Cx. modestus 1 0 0 0 0 0 1
Cx. pipiens s.l/Cx. torrentium® 267 144 65 51 48 47 622
Cx. territans 0 0 1 0 0 0 1
Cx. theileri 0 0 6 0 0 1 7
Coquillettidia buxtoni 0 5 0 1 0 0 6
Unidentified species 2 0 0 0 2 1 5
Total 308 194 118 61 105 60 846
Mean + SEP 6.16+£1.37 3.88+0.53 236+0.66 1.22+£0.29 2.10+£0.33 1.20+£0.26 332+0.39

2 At least five specimens of Cx. torrentium were identified by morphological (1 male in the cemetery of the coastal city) or molecular (3 females in the green area of the
coastal city and 1 female in the cemetery of the estuarine city) methods. Males and females were pooled

b SE standard error
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abundant in green areas (76.7% of the total catches,
476/621) than in cemeteries (64.9% of the total catches,
146/225) (W=8644, P<0.001).

Estuarine city

Ae. albopictus
Ae. caspius
Cx. modestus

Cq. buxtoni
Cx. torrentium

Cx. hortensis

Inland city Cx. pipiens s.|.

Ae. rusticus Cs. longiareolata

An. atroparvus Coastal city
An. claviger

Ae. geniculatus
Ae. vexans
Cs. annulata

Ae. detritus
An. plumbeus
Cx. mimeticus

An. maculipennis s.s.
Cs. subochrea

Cx. territans

Cx. theileri

Fig. 2 Venn diagram represents the Culicidae species found in urban
environments of the three main cities of the Basque Country
(northern Spain)
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The molecular analysis yielded 65 barcoding COI
sequences of 443—525 bp length with 97-100% homology
compared with GenBank sequences. A selection of these
sequences (n=21 and 13 species) was deposited in Gen-
Bank under accession numbers PP218317-PP218337.

The three specimens initially included as An. macu-
lipennis s.. complex were subsequently identified as
Anopheles atroparvus (n=1) and An. maculipennis s.s.
(n=2). The inland city harboured the highest species
richness with 13 different species, followed by the coastal
city (n=11) and the estuarine city (n=8) (Fig. 2). Shan-
non’s diversity index (H’) showed a higher diversity in
the inland city (H’'=1.39), followed by the coastal city
(H'=1.24) and estuarine city (H’'=0.49). The diversity
was identical in both green areas (H'=1.03) and cemeter-
ies (H'=1.03). The highest diversity index was found in
the green area of the inland city (H'=1.61) (Fig. 3).

The approach to determine Cx. pipiens ecoforms
showed Cx. pipiens pipiens (n=282, 56.2%) as the most
abundant, followed by the Cx. pipiens molestus (n=46,
31.5%) and hybrid form (=18, 12.3%) (Fig. 4). Overall,
no significant differences were found between green area
and cemetery in the distribution of the three ecoforms
(Y*=1.185, P=0.553). No significant differences were
found among the three cities (y*=4.366, P=0.359), the
ecoform pipiens being the most abundant in all the cities,
followed by the form molestus (Fig. 4).
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Fig. 3 Shannon’s diversity index (H) by city and type of sampling site
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Seasonal activity

Considering the mosquito catches obtained by CDC
traps in 2019 and 2020, mosquito flight activity extended
throughout the entire sampling period. Population
dynamics during 2019 in the three cities showed a mod-
erate increase during the first months of sampling, with
peaks in June and August in the coastal city, in July
and August in the estuarine city, and June, August, and
October in the inland (Fig. 5). In 2020, the estuarine city
showed the highest mosquito abundance. All the cities
experienced an increase in mosquito abundance during
the initial months of sampling, followed by a progressive
decline from August onwards (Fig. 5).

Larval rearing sites

Eight different mosquito species were identified in lar-
val habitats, including Cx. pipiens, Cx. torrentium, Cx.
hortensis, Culex territans, Anopheles claviger, Culiseta
annulata, Cs. longiareolata, and Aedes geniculatus. Most
larvae were collected from green areas (n=319) com-
pared with cemeteries (n=143) (Table 2). Overall, Cx.
pipiens sl. (n=340, 73.6%) was the most abundant spe-
cies in the larval sites from all the sampling areas, fol-
lowed by Cs. longiareolata (n=69, 15.0%) (Table 2). The
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at the three cities of northern Spain in 2019 and 2020
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Table 2 Culicidae species found in larval habitats in the six urban environments studied in the Basque Country (northern Spain)

during 2019
Culicidae species Green areas Cemeteries Total
Estuarinecity ~ Coastalcity  Inlandcity — Total  Estuarinecity  Coastalcity  Inlandcity  Total
Culiseta annulata 7 1 8 8
Cs. longiareolata 3 28 31 38 38 69
Culex pipiens s./Cx. torrentium 21 114 118 253 30 57 87 340
Cx. hortensis 18 18 18
Cx. territans 19 19 19
Anopheles claviger 1 1 1
Aedes geniculatus 7 7 7
Total 21 150 148 319 30 113 0 143 462

most prolific mosquito larval sites in green areas were
pools of water (semi-artificial ponds), diverse water-
holding containers (tyres and buckets), and drainage
systems, while in cemeteries flowerpots supported most
of the larval abundance and pots and funeral urns to
a lesser extent. Larvae were found in all types of water-
holding materials in cemeteries (plastic, ceramic, metal,
and/or marble). Culex pipiens s.l. and Culiseta spp. bred
in a wide variety of artificial and natural water-holding
containers, whereas Ae. gemiculatus preferred to rear
exclusively on tree holes together with Cx. pipiens, Cx.
territans, and Cx. torrentium, albeit to a lesser extent.
The latter was found cohabiting in the same habitats as
Cx. pipiens. Interestingly, a single An. claviger was found
breeding in a large plastic tray. It is interesting to note
that artificial urban lakes might contain larvae of Cx.
pipiens on the muddy and shady edges. Huge differences
were recorded in the mosquito abundance among the
three study sites, which was a reflection of the number of
available larval sites, i.e. in the green area of the estuarine
city and its cemetery few developmental sites were found.

Analyses of variables affecting mosquito abundance

The negative binomial model showed a positive associa-
tion between the total abundance of mosquitoes with the
type of sampling area, being significantly higher in the
green areas compared to the cemeteries (Table 3). More-
over, the abundance of mosquitoes collected in CDC
traps was also positively associated with the city, the year,
and the month of sampling, the abundance being signifi-
cantly higher in coastal and estuarine cities, in the year
2020, and in the months of July and August (Table 3).

Host DNA blood meals

Few blood-fed/gravid specimens were captured (n=17).
Host DNA amplification success in mosquito sam-
ples was 47.1% (8/17). Female mosquitoes that failed in

Table 3 Summary of the best negative binomial regression
model for total number of Culicidae per CDC trap and night

Variables Abundance per CDC trap/night
Est+SE? 2 P-value®

Type of sampling area

Cemetery Ref

Green area 0.90£0.16 5.66 <0.001
City

Inland Ref.

Coastal 0.66+0.20 336 <0.001

Estuarine 0.59+0.20 294 0.003
Year of sampling

2019 Ref.

2020 0.74+0.16 4.64 <0.001
Month of sampling

October Ref.

June 0.32£0.26 1.20 0.229

July 0.63+0.25 249 0013

August 0.98+0.25 3.84 <0.001
September 031+0.27 1.21 0.227

2 Est + SE=estimate + standard error
b z=statistic z-value
€ P=P-value

9 Ref. =reference category

identifying host DNA were categorised within advanced
Sella stages. Culex pipiens s.l. fed on seven species of
urban birds (Table 4). It was not possible to identify the
host DNA blood meal in five Culiseta spp.

Discussion

Globalization and landscape anthropization affect the
composition, distribution, and abundance of mos-
quito communities in urban areas, thereby impact-
ing the incidence of mosquito-borne diseases [12, 45].
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Table 4 Blood meal host identification in Culicidae in the six
urban environments studied in the Basque Country (northern
Spain) during 2019

City Culicidae
No2 Species Host DNA (no.?)
Estuarine city 3 Culex pipiens s.l Turdus merula (1)
Coastal city 1 Culiseta annulata -
4 Cs. longiareolata -
9 Cx. pipiens s.| Turdus merula (1)
Turdus philomelos (1)
Anas platyrhynchos (1)
Erithacus rubecula (1)
Passer domesticus (1)
Serinus serinus (1)
Serinus canarius (1)

?Total number of blood-fed or gravid mosquito females analysed
P In parentheses: the number of mosquitoes in which host DNA was identified

Mosquito abundance is linked to landscape composi-
tion in urban green spaces [2, 3, 10, 46]. For example,
in some locations, an increased presence of water and
aquatic plants is correlated with higher mosquito den-
sity, while greater coverage of woodland plants appears
to reduce mosquito abundance [10]. However, other
studies showed that the distribution of mosquitoes
depends on the life stage and influence of microclimatic
conditions [47]. For this reason, we aimed to extend
the study of Culicidae in northern Spain to determine
which species inhabit urban areas and assess their
potential risk to public health. The number of mos-
quito species and their abundance was slightly lower in
the current study compared to pristine habitats in the
same region [48]. Therefore, in none of the three cities
did health authorities consider the application of adul-
ticidal or larvicidal treatments necessary. Overall, mean
abundance per trap and night was low and similar to
findings reported in urban areas from other Spanish
regions [3, 49], with Cx. pipiens being the most abun-
dant species. Culex pipiens is the most common and
predominant species in urban areas in both Spain and
the northern hemisphere, and it serves as a vector of
several pathogens such as West Nile virus (WNYV) [50]
and Usutu virus [51]. In our study, this species was
found breeding in all kind of habitats (15/16 types),
whether natural or artificial nature. This species has
two ecologically distinct ecoforms and a hybrid; the
molestus form is usually described as the below-ground
form, mammophilic, and capable of laying eggs without
a blood meal [32], while the pipiens form is an orni-
thophilic above-ground form [52]. This ecoform cat-
egorization is well defined in northern parts of Europe,
but in southern Europe, this distinction is not as clear
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[52]. In our study, like in other studies carried out in
urban areas of the Iberian Peninsula [49, 53], Cx. pip-
iens pipiens was the most abundant form followed by
Cx. pipiens molestus. However, in some other Spanish
regions, Cx. pipiens pipiens are more frequently found
in natural areas [54]. Interestingly, our study showed
no differences in the frequency of these forms between
green areas and cemeteries. Regarding hybrids, the per-
centage found in this study (12.3%) is lower compared
to levels observed in other Spanish regions [49]. These
differences might be attributed to host availability and
habitat conditions, which might favour hybridization.

Along with Cx. pipiens s.l., Cs. longiareolata is consid-
ered the second most abundant and widely distributed
species in many regions of Spain [55]. This mosquito
species is commonly found breeding in artificial contain-
ers in urban environments [56]. In our study, this spe-
cies was recorded developing in artificial habitats (track
tyres, buckets, flowerpots, funeral urns, small pools of
water, and sewer systems) in both green areas and cem-
eteries. Culiseta longiareolata is considered ornithophilic
[32] but also feeds on mammals, including humans [57].
Although it has been considered of low interest for pub-
lic health, this species could potentially act as vector of
avian pathogens [33].

Our study also showed that the highest mosquito abun-
dance was recorded in the green urban areas, especially
in 2020, when the COVID-19 pandemic took place. This
difference could be explained by climatic variables (not
recorded in this study) or by the management of green
areas, which, due to the pandemia, were neglected and
presumably more resting sites and hiding places were
available compared to the previous year. The green areas
investigated in this study showed a higher diversity of
mosquitoes than the cemeteries. Most of the species
found in green areas and cemeteries have been reported
in previous studies conducted in the territory. Aedes
geniculatus, however, has only been previously identi-
fied through egg analysis by molecular tools in Aedes
surveillance programs [58]. This mosquito species exhib-
ited aggressive biting behaviour towards humans during
the field work. Small size water-filled holes in alder trees
(Alnus sp.) were used by this species as developmental
sites, in line with other studies [59]. Notably, most of
the species found in our study have also been recorded
in nearby naturalised areas [48]. This is the case of Aedes
caspius, Aedes detritus, and Culex modestus, which usu-
ally breed in brackish and saline water [60-62], that have
been found in estuarine and coastal cities. Only five spec-
imens of Ae. rusticus were found in the green area from
the inland city, which suffers more extreme climatic con-
ditions than the estuarine and coastal cities, both located
near the coast and influenced by a mild Atlantic climate.
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This could explain the limits of the distribution of Ae.
rusticus.

Cemeteries are widely recognized as ideal locations for
mosquito proliferation as they provide multiple habitats
for their development [24]. Urban cemeteries are also
very accessible and frequently visited, providing blood
sources from either visitors or on-site workers [63].
However, the productivity of cemeteries as reservoirs
of immature mosquito larvae depends on many factors,
such as cultural practices and religious customs [13]. This
explains why the cemetery in the coastal city was very
productive in terms of the number of water-filled con-
tainers, particularly flowerpots and funeral urns, while
the larval sites in the other two cities were scarce or inex-
istent. This may be due to the different management of
the individual cemeteries, where visitors are encouraged
to minimize the flowerpots in the graves and monu-
ments. Cemeteries are also routinely surveyed in Europe
to monitor invasive Aedes species such as Ae. albopictus,
Aedes japonicus, and Ae. koreicus [63—65]. In fact, in our
study a single specimen of Ae. albopictus was captured
in one of the three cemeteries investigated, although this
invasive species has been present in the Basque Country
since 2014 [66]. Although the tiger mosquito is currently
widely distributed in the region [58], it seems that the
population density at the time of sampling was still not
high enough to be collected. It is also interesting to note
that a second invasive Aedes species (i.e. Ae. japonicus)
present in the Basque Country [58, 67] was not recorded
in the study.

In our study we found that multiple artificial contain-
ers in cemeteries might serve as larval sites for mosquito
species such as Cx. pipiens s.1./Cx. torrentium, Cs. longia-
reolata, and Cx. hortensis. Interestingly, Cx. hortensis was
exclusively detected in cemeteries by both CDC traps
and larval dipping. Despite limited knowledge about
the phenology and general biology of Cx. hortensis [32],
this species is commonly found in Spain, France, Italy,
and Greece up to central Europe [68]. In our study, Cx.
pipiens s.l. was the most abundant species sampled in the
immature stage. However, previous studies carried out in
the same area indicated that Cx. hortensis was the most
abundant species found in larval habitats in urban areas
[31].

From the 21 species of mosquitoes identified in cem-
eteries and urban green areas, Ae. albopictus has a real
impact on human health [69]. Culex pipiens s.l, Cx.
modestus, and Ae. detritus have also been confirmed to
be vectors of WNV in Europe [70-72], with Cx. pipiens
s.l. being one of the most important vector species of
this pathogen [73, 74]. Other mosquito species such as
the ornithophilic Aedes vexans, which primarily feed on
birds, have been found to be a competent vector in the
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transmission of WNYV, acting as a bridge vector between
birds and humans [75, 76]. Anopheles plumbeus has
gained interest in Europe as it has been identified as a
potential malaria vector [77-79]. Besides, among the
members of the An. maculipennis complex, it is relevant
to note the detection of An. atroparvus in the green area
of the inland city, as it is a recognised historic vector of
malaria [77].

Blood meal analysis is a fundamental tool for under-
standing the ecology of mosquitoes [80], as their feeding
habits are critical factors in the transmission of vector-
borne pathogens [81]. Owing to the low number of blood-
fed specimens recorded in our study, it is difficult to
establish robust conclusions. Nonetheless, the trophic
habits of Cx. pipiens s.. showed a pronounced preference
for avian hosts, in line with previous works performed in
urbanised habitats [39], even when other mammal hosts,
such as pedestrians and dogs, may coincide with the peak
time of mosquito activity. However, in the metropoli-
tan area of Barcelona, Cx. pipiens showed preference for
birds but also for humans, dogs, and cats [82]. Host choice
is host dependent as seen in the urban zoos of Barcelona
where Cx. pipiens also showed mixed feeding habits [83].

Conclusions

This study provides new insights into the abundance and
mosquito community composition in green urban areas
and cemeteries of northern Spain. Despite the relatively
low abundance of mosquitoes in urbanized areas, the
most trapped species are regarded as crucial vectors for
various pathogens. Therefore, health authorities should
adopt a multi-faceted approach to mosquito management,
including the implementation of biological treatments in
mosquitoes breeding sites and the removal of water-filled
containers. Other effective strategies may include commu-
nity engagement and education programs to raise aware-
ness about reducing stagnant water areas in residential
and public spaces. Regular inspection and maintenance of
drainage systems to prevent water accumulation, as well
as the use of environmentally friendly larvicides to target
mosquito breeding grounds could further bolster control
measures. Collaborative efforts among health depart-
ments, local authorities, and community participation can
enhance the efficacy of control programs aimed at reduc-
ing mosquito populations and the risk of associated dis-
ease transmission. Besides, the current results indicate that
Cx. pipiens s.l. is the most common taxon of the Culicidae
family in urban areas, exhibiting an ornithophilic feeding
preference. A better understanding of the trophic behav-
iour/preferences of these Diptera pests can contribute to
understanding the transmission patterns of pathogens of
public health interest.
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