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FAUNA AND VIROLOGICAL INVESTIGATION OF MOSQUITOES IN URBAN
PARKS IN SAO PAULO, BRAZIL
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ABSTRACT. The mosquito fauna in urban parks in the city of Sao Paulo, Brazil, was investigated and compared
for richness and diversity, and the abundance of each species was associated with climatic variables.
Simultaneously, a virological investigation was performed to test the presence of Flavivirus and Alphavirus.
Aspirations of adult mosquitoes were conducted in 3 urban parks for 3 consecutive weeks of each season between
October 2018 and January 2020. A total of 2,388 mosquitoes were identified, with Culex quinquefasciatus, Cx.
nigripalpus, and Aedes aegypti being the most abundant species. Mosquito assemblages showed similar richness and
diversity, showing variability in individual results. Temperatures and Ae. aegypti abundance correlated significantly
in one of the parks investigated herein. Urban parks represent areas of shelter and refuge for both anthropophilic and
opportunistic species, such as Cx. quinquefasciatus and Ae. aegypti, as well as species that still need moderately

preserved environments to develop.
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INTRODUCTION

Mosquitoes are important vectors of infectious
agents of human diseases. Multiple environmental
factors affect the mosquito behavior and pathogen
transmission as well as interaction with vertebrate
hosts (Brugueras et al. 2020). Climatic factors such
as temperature and rainfall are associated with the
spatial, temporal, and seasonal distribution of
species, influencing all stages of its developmental
cycle and population dynamics (Tabachnick 2013).

Landscape is also an important environmental
factor in vector distribution, affecting mainly species
abundance and dispersal and, consequently, influenc-
ing the interaction between mosquitoes and vertebrate
hosts (Lambin et al. 2010). Landscape modification is
closely related to urban sprawl, which directs
environmental changes globally because of the
demographic growth of human population (Gubler
2011). The urbanization process has modified natural
environments to suit human needs, altering the
structure, function, and dynamics of ecological
ecosystems (Shochat et al. 2006). Consequently, the
species community composition is in general modi-
fied, with a decrease in species richness as more
generalist species, adapted to urban environments,
increase in abundance (Chaves et al. 2011).

Urban landscapes are a formation of heteroge-
neous mosaics, interspersing various types of land
cover and land use, between built areas and highly
fragmented vegetation, mainly represented by parks
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(Breuste et al. 2008). Urban parks contribute to the
preservation of native flora and fauna and provide
essential ecosystem services to cities besides offering
natural spaces for nature contemplation, leisure,
sports practice, and culture to the urban population
(Limnios and Furlan 2013).

Parks within the urban fabric may harbor several
species of mosquitoes, including those belonging to
the Aedes and Culex genera (Medeiros-Sousa et al.
2013a). These urban green areas may offer a variable
availability of breeding sites, favoring the mainte-
nance of populations of these mosquitoes (Ceretti-
Junior et al. 2014, Medeiros-Sousa et al. 2015), as
well as vertebrate hosts for bloodfeeding (Carvalho et
al. 2014), ensuring the survival and proliferation of
anthropophilic and opportunistic mosquitoes vis-a-
vis their interactions with climatic factors (Wilke et
al. 2017, Heinisch et al. 2019). Thus, given the need
to prioritize more effective strategies for the
monitoring and control of these vectors in urban
areas, it is essential to keep gathering information on
the diversity, distribution, and seasonality of mos-
quito species in urban parks.

The objective of this work was to investigate the
mosquito fauna in urban parks of the city of Sao
Paulo, Brazil, comparing the species diversity of
these areas and associating their abundance with
climatic variables. Simultaneously, a virological
investigation was performed on the collected mos-
quitoes for the presence of Flavivirus and Alphavirus
(these data are included in the supplemental data).

MATERIALS AND METHODS
Study area

The city of Sdo Paulo has more than 12 million
inhabitants in a land area of 1,521.110 km? (IBGE
2021). The climate is classified as humid subtropical,
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Map of the city of Sao Paulo, highlighting the location of the investigated urban parks. On the left: city of Sao

Paulo in dark gray, highlighting the east zone in light gray. The locations of the parks are identified in red circles: CM,
Chico Mendes; LJ, Lajeado; and PQ, Piqueri. On the right: each frame shows the area of parks (green polygons) inserted in
the urban fabric (gray lines). This map was created using QGIS v2.18.9 (http://www.qgis.org).

marked by hot and rainy summers, and dry winters
with mild temperatures (Alvares et al. 2013). Part of
the Atlantic Forest biome is still preserved in
fragments of secondary natural vegetation in Con-
servation Units, Environmental Protection Areas, and
urban municipal parks (SVMA/PMSP 2014). For this
study, 3 urban parks (Ecological Chico Mendes:
23°30'25.7"S, 46°25'39.2"W; Lajeado — Izaura
Pereira de Souza Franzolin: 23°32'18.3’S,
46°24'18.6"W; and Piqueri: 23°31.36.6"S,
46°34.41.5”), in eastern Sdo Paulo, were selected
for our study (Fig. 1). Their selection was not only
based on the distance between them, since mosquito
collection by aspiration had to be performed on the
same day, but also because this region of Sao Paulo
has a history of autochthonous human cases of
dengue fever during the large 2014—15 epidemic
(SUS/PMSP 2016).

Mosquito collection, identification, and viral
testing

Adult mosquito collections were made with 12-V
battery-operated electric aspirators, corresponding to

the model described by Nasci (1981). This method
was selected to sample mosquitoes sheltering in
vegetation and those in full flight searching for
vertebrate hosts (Silver 2008). Aspirations were
conducted for 3 consecutive weeks of each season
between October 2018 and January 2020, from spring
2018 to summer 2020. Once every week, in the
daytime, aspirations were conducted in 4 fixed
internal areas of the park, for approximately 15 min
each, totaling about 1 h of aspiration per park,
avoiding the edge areas of the park sampled. During
the study period, the sampling effort totaled 54 h of
aspiration, divided into 18 h per park (3 h of
aspiration per sampling season). The sampling
sufficiency of the study period was estimated in the
construction of rarefaction and extrapolation curves
for each park.

Aspirated specimens were placed in entomological
cages and transported alive to the Entomology
Laboratory of the School of Public Health, Univer-
sity of Sdo Paulo, where the cages were kept at
—20°C. Mosquitoes were identified on a cold table at
—10°C, following the dichotomous keys of Consoli
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Table 1. Distribution of adult mosquitoes collected in Chico Mendes, Lajeado, and Piqueri parks, Sao Paulo, SP, Brazil,
between September 2018 and January 2020.
Chico Mendes Lajeado Piqueri

Taxon Female Male Female Male Female Male Total
Aedes aegypti 36 36 26 31 37 78 244
Ae. albopictus 2 1 2 8 17 3 33
Ae. fluviatilis 3 3 16 5 10 23 60
Ae. scapularis 56 5 16 2 20 3 102
Ae. serratus 0 0 3 0 1 1 5
Aedes spp. 12 0 4 3 1 2 22
Culex spp. 68 23 39 62 10 24 226
Cx. bidens 1 0 0 1 1 0 3
Cx. chidesteri 11 10 54 109 0 2 186
Cx. coronator 9 0 24 18 6 11 68
Cx. declarator 3 0 0 0 1 0 4
Cx. dolosus/eduardoi 0 1 3 0 0 0 4
Cx. bigoti 0 1 0 0 0 0 1
Cx. nigripalpus 94 11 106 12 24 1 248
Cx. quinquefasciatus 106 126 227 622 35 66 1,182
Subtotal 401 217 520 873 163 214 2,388
Total specimens collected 618 1,393 377 2,388
Taxonomic units (S) 14 13 12 15
Taxa identified at species level 12 11 10 13

and Lourengo-de-Oliveira (1994) and Forattini
(2002). Abbreviations of the genera and subgenera
of mosquito species followed Reinert (2001). All
identified mosquitoes, separated by sex, collection
site, and season, were grouped into pools of up to 10
specimens (engorged females were individually
packed in isopropyl alcohol), stored at —80°C for
subsequent virological investigation following the
protocols described by Patel et al. (2013) and Giry et
al. (2017).

Statistical analysis

The comparison of richness and diversity among
the different study sites was analyzed by means of
rarefaction (interpolation) and prediction (extrapola-
tion) curves. The indices were calculated, and the
curves constructed using the models proposed by
Chao et al. (2014), based on Hill numbers (Hill
1973). This method enabled obtaining interpolated
and extrapolated comparisons of richness and
diversity among the 3 parks investigated. The
diversity indices obtained are equivalent to the
exponential of Shannon’s Entropy Index (EXP H')
and to the Inverse of Simpson’s Index (1/D). The
95% confidence intervals for the estimates were
calculated by the Bootstrap method based on 100
replications. Rarefaction and extrapolation curves
were constructed based on individuals. All analyses
were performed in the R computing environment (R
Foundation for Statistical Computing 2019) with the
aid of the iNEXT package (Hsieh et al. 2016).

Climatic variables data were obtained from the
meteorological station Mirante Campo de Marte in
the National Institute of Meteorology (INMET 2021).
For these analyses, we applied the Spearman’s

correlation (Rho) considering the total abundance
and the most abundant species, observing the
relationship between these abundances with the
average maximum and minimum temperatures and
average and total accumulated rainfall, all these
accumulating for the 30 days preceding the collec-
tions, and added to the 22 days of collections.

RESULTS

A total of 2,388 mosquito specimens were
collected—1,084 females and 1,304 males—distrib-
uted into 15 taxonomic units and identified to species
level in 13 taxa. All mosquitoes collected belonged to
the subfamily Culicinae, tribes Aedini and Culinici,
comprising 2 genera: Aedes (19.51%; n = 466) and
Culex (80.49%; n = 1,922). The most abundant
species was Culex (Cux.) quinquefasciatus Say (n =
1,182), followed by Cx. (Cux.) nigripalpus Theobald
(n=248), Aedes (Stg.) aegypti (L.) (n=244), and Cx.
(Cux.) chidesteri Dyar and Knab (n = 186). All
species were ubiquitous in the 3 parks. Other Aedes
species were less abundant, such as Ae. (Och.)
scapularis Rondani (n = 102), Ade. (Stg.) albopictus
(Skuse) (n =33), Ae. (Och.) fluviatilis Lutz (n = 60),
and Ae. (Och.) serratus Theobald (n = 5) (Table 1).

In Chico Mendes park, 619 mosquitoes were
collected, with Cx. quinquefasciatus and Cx. nigri-
palpus being the most abundant species (n =232 and
n =105, respectively), followed by Ade. aegypti (n =
72) and Ae. scapularis (n = 61). In Lajeado park,
1,393 mosquitoes were collected, with the most
abundant species being Cx. quinquefasciatus (n =
849), Cx. nigripalpus (n = 118), Cx. chidesteri (n =
163), and Ae. aegypti (n = 57). In Piqueri park, we
collected 377 mosquitoes, with de. aegypti (n =115)
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Table 2. Asymptotic diversity estimates (est.) along with related statistics.
Park Diversity index Observed Estimator Lower est. Upper est.
Chico Mendes Species richness 14 16.995 14.353 39.392
Shannon diversity 6.117 6.203 6.117 6.683
Simpson diversity 4.615 4.642 4.615 5.077
Lajeado Species richness 13 13 13 14.65
Shannon diversity 4.062 4.08 4.062 4.344
Simpson diversity 2.496 2.499 2.496 2.667
Piqueri Species richness 12 13.995 12.18 34.075
Shannon diversity 6.675 6.799 6.675 7.401
Simpson diversity 5.145 5.202 5.145 5.773

and Cx. quinquefasciatus (n = 101) the most
abundant species (Table 1).

General descriptive analyses of Culicidae faunal
diversity by park are presented in Table 2. The
columns indicate: estimated diversity index, ob-
served richness, asymptotic estimator-based richness,
and the lower and upper limits for estimated richness
at the 95% confidence interval (Lower est. and Upper
est.).

Species richness—be it observed or estimated—
showed little variation among parks: up to 2 species
between the parks with the highest and lowest
richness—Chico Mendes (S,,s = 14 species) and
Piqueri (Sops = 12 species), respectively. Lajeado
park showed an intermediate species richness (Sy,s =
13 species).

Diversity indices were high for all parks, espe-
cially in Piqueri and Chico Mendes. Although the
former exhibited the lowest species richness, its
diversity indices were the highest (EXP H = 6.675;
1/D = 5.145). In the latter park, where the highest
species richness was observed, diversity indices were
lower (EXP H’ = 6.177; 1/D = 4.615). On the other
hand, Lajeado park, with an intermediate species
richness value (S = 13 species), showed the lowest
indices among the sampled sites (EXP H’=4.062; 1/
D = 2.496). Figure 2 shows the comparison among
the 3 study areas based on diversity estimates. For the
Shannon (Fig. 2A) and Simpson (Fig. 2B) indices,
estimates are presented for up to 100 randomly
obtained individuals. For species richness (Fig. 2C),
an extrapolated estimate of up to 1,600 individuals
per park is presented. The shaded areas around the
curve represent the error associated with the estimate
(95% CI). Diversity estimates were similar to the
diversity indices for each park. Piqueri and Chico
Mendes parks show similar diversity with overlap-
ping confidence intervals (Fig. 2A, 2B), whereas,
comparatively, Lajeado park shows lower diversity
(Fig. 2A, 2B).

The rarefaction and extrapolation curves of the
species were reasonably asymptotic at the end of the
collection period for the Chico Mendes and Piqueri
parks and approached the asymptote for the Lajeado
(Fig. 2C). Mosquito diversity between parks was also
compared as a function of the season of collection
(spring 2018; summer, autumn, winter, and spring
2019; and summer 2020). For this analysis, the

observed values and the confidence interval for the
Exponential of Shannon’s index and the Inverse
Simpson’s index were obtained (Fig. 3). Numerical
results are shown in the supplementary materials
(Supplementary Table 1).

Concerning the observed species richness between
seasons, winter 2019 showed the lowest richness in
all 3 parks, with a similar number between Lajeado
and Piqueri (S = 3 species), and Chico Mendes
exhibiting 1 more species (S = 4 species). Autumn
had the highest species richness in all parks,
especially in Lajeado (S = 12 species), followed by
Chico Mendes (S = 11 species), and Piqueri (S = 10
species). Nonetheless, diversity was highly variable
between seasons, particularly in Lajeado park which,
during summers, showed the lowest diversity among
parks in 2019 (EXP H' = 1.223; 1/D = 1.317) and
2020 (EXP H' = 7.053; 1/D = 5.03).

The relationship between climatic variables and
mosquito abundance in each park was verified using
Spearman’s correlation analyses (Rho), considering
the total mosquito abundance, and the abundance of
the most abundant species for the genera identified in
this study—Ae. aegypti and Cx. quinquefasciatus—
with the average minimum and maximum tempera-
tures and the average and accumulated total rainfall,
all these accumulated for the 30 days preceding the
collections and added to the 22 days of collections
(Supplementary Table 2). Only the abundance of Ae.
aegypti in Chico Mendes park showed a statistically
significant correlation (at the 0.05 confidence level)
with maximum and minimum temperature values,
with identical values for both variables (Rho = 0.943;
P = 0.017). The variations in abundance of Ae.
aegypti, Cx. quinquefasciatus, and total number of
mosquitoes collected, as well as the variations in
maximum and minimum temperatures calculated for
each sampling season, are shown in Fig. 4.

Aedes aegypti was more abundant during higher
temperature periods, such as the summer of 2019,
when the average maximum and minimum temper-
ature values were the highest among all sampling
seasons: 31°C and 20°C, respectively (Fig. 4A); a
total of 88 Ae. aegypti specimens were captured in
this season. In comparison, less than half that number
of Ae. aegypti mosquitoes were collected in the
summer of 2020 (n = 40), when the average
temperatures were slightly lower (29°C and 19.2°C,
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Fig. 2. Interpolated and extrapolated comparisons of richness and diversity of the 3 urban parks investigated. In the

upper part, (A) is Exponential of Shannon’s index and (B) is Inverse of Simpson’s index. In the lower part, (C) is species
accumulation curve. Solid lines represent interpolated values, dashed lines represent extrapolated values, and shaded areas

represent the 95% confidence interval.

respectively). In the autumn of 2019, Ae. aegypti
abundance remained high only in Piqueri park (n =
39) (Fig. 4A, blue bar); the average maximum and
minimum recorded temperatures were 26.4°C and
18.1°C, respectively. In the spring of 2018 and 2019,
average maximum and minimum temperatures were
also similar from year to year: 26°C and 17°C; 28°C
and 18.1°C, respectively. However, in 2019, the
abundance of Ae. aegypti was higher compared with
2018 (n =36 and n = 16, respectively) (Fig. 4A).

Regarding Cx. quinquefasciatus, the average
maximum and minimum temperatures did not show
significant correlation in the analyses, but we
observed that its abundance showed great seasonal
variability among the different parks (Fig. 4B). The
highest representativity of this species was in
Lajeado, mainly during spring 2019 (n = 354) (Fig.
4B, yellow bar).

For the total mosquito abundance, variability
among parks was high throughout the same season
(Fig. 4C). Overall, mosquito abundance was higher in

autumn 2019, a season with milder temperatures than
summers. Mosquitos were also abundant during
spring 2019 and summer 2019, especially at Lajeado
(n =354 and n =380, respectively) (Fig. 4C, yellow
bar). At Piqueri, the autumn and summer of 2019
showed the highest abundances (n=113 andn =111,
respectively) (Fig. 4C, blue bar). At Chico Mendes
park, in addition to autumn 2019, spring 2018 was
also an abundant season (n = 246 and n = 129,
respectively) (Fig. 4C, green bar). Winter was the
season with the lowest mosquito abundances for all
sampled parks, when average maximum and mini-
mum temperatures reached 23.3°C and 13°C, respec-
tively (Fig. 4C). The virological investigation did not
detect the presence of Flavivirus or Alphavirus.

DISCUSSION

The mosquito fauna in 3 urban parks in eastern
Sdo Paulo was investigated from spring 2018 to
summer 2020, highlighting the mosquito richness and
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Fig. 3. Seasonal diversity of mosquitoes in the 3 urban parks investigated during the study period. In the upper part,

values are obtained with the Exponential of Shannon’s index for each park: (A) Chico Mendes, (B) Lajeado, and (C)
Piqueri. In the lower part, the values obtained with the Inverse of Simpson’s index for each park: (D) Chico Mendes, (E)

Lajeado, and (F) Piqueri.

diversity in these areas, as well as relating species
abundance with climate variables. The results show
the presence of epidemiologically important vector
mosquitoes therein, with little variation in richness
and diversity in mosquito assemblages, albeit with
high seasonal variability.

The aspiration collection method used in the study
allowed us to collect a gamut of adult mosquitoes
during both resting and active periods, but it may also
have caused us to attain lower richness values
compared with previous studies. The species rare-
faction and accumulation curves show that our
sampling effort was probably sufficient to quantify
diversity, but the species richness observed in our
study was lower than in other studies conducted in
Chico Mendes and Piqueri parks (Paula et al. 2015,
Wilke et al. 2017). This is possibly due to the
different culicid collection techniques used in those
studies, yielding a higher species richness. However,
for Lajeado park, our study obtained the best richness
and diversity estimates of the mosquito fauna so far,
since data about this urban park are only preliminary
(Medeiros-Sousa et al. 2013a).

The predominance of the Culex genus observed in
this study is also evidenced by other authors, such as
Medeiros-Sousa et al. (2013b), who conducted
preliminary research in Chico Mendes, Lajeado,

and Piqueri parks, and Paula et al. (2015), who
collected in Chico Mendes park. Culex quinquefas-
ciatus was the most abundant in both our study and as
well as other studies conducted in Sdo Paulo urban
parks (Medeiros-Sousa et al. 2013a, 2013b). Simi-
larly, in Piqueri park, Cx. quinquefasciatus was the
main Culex species, and the 2nd most abundant
among those identified therein (Ceretti-Junior et al.
2016, Wilke et al. 2017).

Culex nigripalpus was the 2nd most abundant
species, including in Chico Mendes park, where few
specimens had been sampled previously (Paula et al.
2015). On the contrary, few Cx. nigripalpus speci-
mens were collected in Piqueri park as compared
with previous studies (Wilke et al. 2017).

Regarding the Aedes genus, the results mainly
show Ae. aegypti and Ae. scapularis as the most
abundant species, in contrast to the low numbers of
Ae. albopictus, usually associated with areas with
higher vegetation-cover levels (Lima-Camara et al.
2006, Heinisch et al. 2019). In Piqueri park, for
example, where we collected more Ade. aegypti
specimens, Wilke et al. (2017) reported a greater
abundance of Ae. albopictus compared to the other
aedines. Similarly, the abundance of immatures
collected in bamboo internodes and bromeliads in
Piqueri park was higher for de. albopictus than for
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Ae. aegypti (Ceretti-Junior et al. 2014, 2016).
However, Paula et al. (2015) described Ae. scapularis
as the most abundant species of the genus in Chico
Mendes park.

As mentioned earlier, the differences in species
abundance between this study and the existing
literature may stem from the use of different
collection techniques, since only entomological
aspirations were used in this study. Nevertheless,
the results add valuable information to previous
research on mosquito fauna in urban parks, suggest-
ing that green areas in urban networks are favorable
environments for the permanence of species that still
need moderately preserved environments to complete
their developmental cycle, such as Cx. nigripalpus
and Ae. scapularis, as well as for species more
adapted to urban environments, such as Cx. quinque-
fasciatus and Ae. aegypti.

Besides the recognized involvement of Ae. aegypti
and Cx. quinquefasciatus in the transmission of
human pathogens (Brasil 2009, Diaz-Badillo et al.
2011, Cardoso et al. 2015, Lima-Camara 2016),
mosquitoes in urban settings constitute a nuisance
factor, as female specimens are highly anthropophilic

(Forattini 2002). The permanence and abundance of
these vectors in urban green areas reinforce the
generalist and opportunistic behavior of these
mosquitoes in finding breeding and sheltering
habitats in urban settings.

Other species, such as Cx. nigripalpus and Ae.
scapularis, are also considered vectors or suspect
vectors in the transmission of some arboviruses
(Mitchell and Forattini 1984, Day and Stark 2000,
Pauvolid-Correa et al. 2013). Both species are
versatile, adapted to natural environments with
anthropogenic modifications, and eclectic with re-
spect to hemophagy (Forattini 2002). Therefore, they
require attention since they may also feed on a wide
variety of vertebrates that circulate in urban parks in
addition to humans (Laporta et al. 2008, Carvalho et
al. 2014).

In this study, the diversity in the mosquito
assemblages of the parks was reported. The species
richness was similar, with little differentiation in
diversity indices and estimates, but still suggesting
that the mosquito assemblages from Chico Mendes
and Piqueri parks were relatively more heteroge-
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neous compared to the Lajeado assemblage, which
appeared more homogeneous.

These results can be related to the Equilibrium
Theory of Island Biogeography (ETIB) developed by
MacArthur and Wilson (1967), which can explain the
diversity patterns of mosquito assemblages in urban
parks of Sdo Paulo (Medeiros-Sousa et al. 2017).
Urban parks are green area fragments with different
area sizes and degrees of isolation, separated by the
urban matrix that constitutes an inhospitable envi-
ronment for most species and, therefore, form island-
like habitats (Faeth et al. 2012, Fattorini 2016). The
richness and composition in the mosquito assemblage
in urban parks follow ETIB patterns, i.e., higher
species richness in larger than in smaller parks,
which consequently show greater similarity in
species composition (Medeiros-Sousa et al. 2017).
Thus, the fact that the parks analyzed herein have
relatively smaller areas compared to others in Sdo
Paulo and a high degree of isolation within the urban
network, would explain the relatively low and similar
richness that we observed in these 3 sites, which also
have similar mosquito assemblages, corroborating
Medeiros-Sousa et al. (2017).

The summer of 2020 was the season with the best
diversity indices in relation to the others for all parks,
while autumn presented more species richness and
high abundance, and winter was predominantly the
season with the lowest mosquito richness and
diversity in all 3 parks. Rainy seasons are associated
with greater abundance of mosquitoes (Vieira et al.
2020, Balthazar et al. 2021); however, dry season,
such as autumn, may have greater species richness
(Abella-Medrano et al. 2015, Mayi et al. 2020), and
these differences may be more associated with the
availability of breeding sites within the areas of each
park, mainly for the permanence of some species of
the genus Culex, more abundant in this study.

In this study, mean and cumulative rainfall values
did not show a statistically significant correlation.
Even though it is one of the climatic factors that
affects the quantity and quality of breeding sites
(Jemal and Al-Thukair 2018), the correlation is not
always significant (David et al. 2012, Heinisch et al.
2019) since, besides availability, the physico-chem-
ical characteristics of the breeding sites and other
biotic factors are important for the development of
immatures and definition of the mosquito assemblage
(Medeiros-Sousa et al. 2020). Maximum and mini-
mum temperatures were significantly correlated with
the abundance of Ae. aegypti only in Chico Mendes
park. This correlation may stem from the higher
frequency and abundance of the species in this park
exclusively in the warmer seasons in contrast to the
permanent frequency between seasons in Piqueri
park, except for winter, and the low frequency
throughout the entire period in Lajeado park.

Indeed, temperatures seem to affect Ae. aegypti
populations in urban parks within Sdo Paulo (Wilke
et al. 2017, Heinisch et al. 2019). Aedes aegypti
oviposition was analyzed as a function of climatic

variables in Piqueri park; similar to these results, egg
abundance did not show a significant association with
rainfall, but was strongly associated with tempera-
ture, evidencing that the increase in minimum
temperatures also conditions the increase in Ae.
aegypti oviposition rates (Heinisch et al. 2019).
Wilke et al. (2017) reported positive correlations
between temperature and Ae. aegypti and Cx.
quinquefasciatus abundance in Piqueri and Previdén-
cia parks, but the correlation with rainfall was
different between species and parks. The observa-
tions of the present study suggest that the different
responses of abundance to climate variations may be
influenced by a species-dependent relationship re-
garding the habitats found in each park, determining
species abundance, including the presence and
resilience of more generalist species better adapted
to urban environments, such as de. aegypti and Cx.
quinquefasciatus.

Finally, our virological investigation results al-
though negative, do not rule out the possibility of
arbovirus circulation in urban parks, albeit at low
levels (Ferreira-de-Lima et al. 2020).

Entomological and virological investigations in
urban parks are essential, since they are not
traditionally part of municipal control and surveil-
lance programs. Studies that include other method-
ologies and analyses can provide additional
knowledge on the dynamics of mosquito assemblages
in urban green areas and assist in the development
and targeting of strategies to control species
implicated in arbovirus transmission as or those
acting as bridge vectors that may have the potential
to transmit pathogens.

SUPPLEMENTAL MATERIAL

Supplementary Table 1. Observed values and the
confidence interval for the Exponential of the Shan-
non’s Index and for the Inverse of the Simpson’s Index
in the Chico Mendes, Lajeado, and Piqueri parks.

Supplementary Table 2. Analysis of the Spearman
(Rho) correlation for the total abundance of mosqui-
toes and the most abundant collected in the parks in
relation to mean minimum and maximum tempera-
tures and precipitation.

Supplementary Table 3. Total mosquito abun-
dance, and the abundance of the most abundant
species for the genera identified in this study—Aedes
aegypti and Culex quinquefasciatus—with the aver-
age minimum and maximum temperatures and
average and accumulated total rainfall.

Supplementary Table 4. Mosquitoes submitted to
virological tests for the detection of Flavivirus and
Alphavirus.
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