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Abstract
Background: Bromeliads can be epiphytic, terrestrial or saxicolous and use strategies to allow water to be re-
tained in their leaf axils, where various arthropods can be found. These include mosquitoes, whose larvae are the
most abundant and commonly found organisms in the leaf axils. The objective of this study was to look for im-
mature forms of mosquitoes (the larval and pupal stages) in bromeliads in municipal parks in São Paulo and to
discuss the ecological and epidemiological importance of these insects.
Methods: From October 2010 to July 2013, immature mosquitoes were collected from bromeliads in 65 munici-
pal parks in the city of São Paulo, Brazil, using suction samplers. The immature forms were maintained until
adult forms emerged, and these were then identified morphologically.
Results: Two thousand forty-two immature-stage specimens belonging to the genera Aedes, Culex, Trichoprosopon,
Toxorhynchites, Limatus and Wyeomyia were found in bromeliads in 15 of the 65 parks visited. Aedes albopictus
was the most abundant species (660 specimens collected), followed by Culex quinquefasciatus (548 specimens)
and Cx. (Microculex) imitator (444). The taxa with the most widespread distribution were Ae. aegypti and Tox-
orhynchites spp, followed by Ae. albopictus and Cx. quinquefasciatus.
Conclusion: Bromeliads in urban parks are refuges for populations of native species of Culicidae and breeding
sites for exotic species that are generally of epidemiological interest. Hence, administrators and surveillance and
mosquito-control agencies must constantly monitor these microenvironments as the presence of these species
endangers the health of park users and employees as well as people living near the parks.
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Introduction

Members of the family Bromeliaceae can
be epiphytic, terrestrial or saxicolous. The
taxon is essentially Neotropical, with more
than 3,100 described species distributed in
58 genera. In Brazil, where 40 % of these
species are found, the highest diversity is
in the Atlantic forest (Givnish et al. 2011).
Bromeliads use strategies that allow water
and organic debris to be retained in their leaf

axils, forming rosettes or tanks from which
they acquire nutrients.

These structures also act as biotopes for
various organisms. Central and lateral bro-
meliad tanks provide a permanent habitat
for many terrestrial arthropods that have
aquatic immature stages (Frank et al. 2004),
such as insects of the order Diptera, whose
larvae are the most abundant and commonly
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found organisms in these biotopes (Derraik
and Heath 2005). Among the most com-
mon dipterans, the culicids include species
whose immature forms are specialists in
colonizing these microhabitats as well as
species that are occasional visitors (Frank
and Lounibos 2009).

The family Culicidae currently has around
3,500 valid described species worldwide
(Harbach 2014). Many culicid species are
of great importance in public health be-
cause the blood-feeding habits of the fe-
males are associated with allergies and the
transmission of pathogens (Consoli and
Lourenço-de-Oliveira 1994, Forattini 2002).
The genera Aedes, Anopheles and Culex
include important vectors of diseases such
as malaria, dengue and filariasis in various
regions of the planet (WHO 2013a, Bhatt
et al. 2013, WHO 2013b). In addition, a
number of mosquito-borne diseases, such
as the West Nile virus, Chikungunya and
yellow fever were or are public health prob-
lems in many countries (Weaver 2013).

Brazil has a great variety of culicids,
490 species having been described to date
(WRBU 2014). In Brazil, malaria, which is
transmitted by Anopheles, and dengue,
which is transmitted by Ae. aegypti, are to-
gether responsible for thousands of cases
of morbidity. Also worthy of note is lym-
phatic filariasis, which is transmitted by
Cx. quinquefasciatus in some cities in the
northeast of the country, as well as various
arboviruses that circulate in natural envi-
ronments and cause sporadic cases of epi-
zootics or even human infections such as
Saint Louis encephalitis, Mayaro encephalitis,
equine encephalitis, Rocio encephalitis and
wild yellow fever (Forattini 2002, Oliveira-
Ferreira et al. 2010, Viana and Ignotti 2013).

The city of São Paulo, located in south-
eastern Brazil, is the largest city in South
America and has more than 11 million in-
habitants. Mosquito-borne diseases in the
city include dengue, outbreaks of which
occur every year and which was responsi-
ble for 2,617 confirmed autochthonous
cases in 2013 (São Paulo 2014a). Malaria

outbreaks due to Plasmodium vivax and P.
malariae in the Atlantic Forest have been
detected on the edge of the city of São Pau-
lo (Couto et al. 2010, Duarte et al. 2013).
The Ilhéus virus was isolated in birds in
the Tietê Ecological Park, in the munici-
pality of São Paulo (Pereira et al. 2001). In
regions of the Atlantic Forest close to the
city of São Paulo, antibodies for various
arboviruses that cause different types of
encephalitis were detected in birds (Fer-
reira et al. 1994) and there have been spo-
radic cases of wild yellow fever in humans
and primates, the virus responsible for the
disease having been isolated in mosquitoes
from the species Haemagogus leucocelaenus
(Souza et al. 2009).

As urbanization continues apace, many
cities around the world strive to preserve
their green areas (Koh and Sodhi 2004).
The construction, preservation and reha-
bilitation of green areas in parks or plazas
is intended to provide leisure facilities for
the population, preserve remnants of flora
and fauna and reduce the environmental
and social stress caused by urbanization
(McIntyre 2000, McKinney 2008). The city
of São Paulo currently has a hundred pub-
lic parks, many of which contain fragments
of the Atlantic Forest and representatives
of native or exotic flora and fauna (São
Paulo 2014b). The diversity of culicids
found in some of these green fragments has
been investigated in a variety of studies
(Urbinatti et al. 2001, Taipe-Lagos and Na-
tal 2003, Montes 2005, Ribeiro et al. 2012).
A recent preliminary survey in fifty-nine
urban parks in the city of São Paulo found
that some medically important species of
culicids, such as Ae. albopictus, Ae. fluviatilis,
Ae. scapularis, Cx. nigripalpus, and Cx.
quinquefasciatus, are quite common in these
environments (Medeiros-Sousa et al. 2013).
These and other species maintain their pop-
ulations using a variety of natural or artifi-
cial containers found in these green frag-
ments that allow their immature forms to
develop. Bromeliads can act as breeding
grounds for many species of epidemiologic
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interest in the city as they are very common
in parks, where they occur naturally and in
some cases are planted as part of the land-
scape.

The aim of this study was to investigate
the species composition and ecological
aspects of mosquitoes collected in brome-
liads in urban parks in São Paulo to deter-
mine how important these plants are for the
maintenance of populations of native or
exotic culicid species, with a particular em-
phasis on species of epidemiological interest.

Materials and Methods

The city of São Paulo (23.54° W 46.63°
S) is located in the Atlantic Forest in the
southeast of Brazil at an altitude of 750 m
above sea level and with a mean relative
humidity of 78 % (Fig. 1). The climate is
considered temperate tropical, and there is
reduced rainfall in the winter. Mean annual
temperature is 20.7 °C, winters are mild
(15 to 21 °C) and summer temperatures are
moderately high (22 to 27 °C). Mean annual
rainfall is 1,376 mm, and most of the rain-
fall is concentrated in the summer months
(IBGE 2014).

The species composition of immature cu-
licids in fifteen parks with bromeliads in
the city of São Paulo was investigated over
thirty-four months. Data collected by Medei-
ros-Sousa et al. (2013) between October
2010 and February 2011 were used, to-
gether with data from collections made be-
tween March 2011 and July 2013. Bro-
meliads planted in the ground (terrestrial
bromeliads) and bromeliads on tree trunks
(epiphytic bromeliads) at heights ranging
from 1.0 to 5.0 m were sampled. Immature
specimens were actively sought out in the
central and lateral leaf axils of bromeliads
using suction samplers (Fig. 2). The ex-
tracted contents were then transferred to
small recipients (400ml) and analyzed for
the presence of mosquito larvae and pupae.
The larvae and pupae collected were taken
to the Public Health Entomology Labora-
tory at the Faculty of Public Health, Uni-

versity of São Paulo, where they were main-
tained until the emergence of adult forms,
which were identified morphologically based
on Lane (1953), Consoli and Lourenço-de-
Oliveira (1994) and Forattini (2002), as well
as by comparing them with standard spec-
imens in the collection at the Faculty of
Public Health, University of São Paulo.
The abbreviations for genera and subgene-
ra used here follow the standardization
proposed by Reinert (2009).

After all the individuals collected had
been identified morphologically, the num-
ber of individuals in terrestrial and epi-
phytic bromeliads in each park broken down
by species was recorded in tabular form
(Table 1). The frequency with which each
species was found in terrestrial and epi-
phytic bromeliads was calculated to deter-
mine whether there was an association be-
tween culicid species and type of brome-
liad (Table 2).

Results

Overall, 2,042 immature-stage speci-
mens belonging to 6 genera (Aedes, Culex,
Trichoprosopon, Toxorhynchites, Limatus
and Wyeomyia) and 17 species were found
in 15 of the 65 parks visited (Fig. 1, Table
1). Table 1 shows the number of specimens
of each species collected and the type of
bromeliad (epiphytic or terrestrial) in which
collections were made. Sixty-six of the
specimens collected were classified in the
taxon Tx. spp and five in Wy. spp either
because they died before the adult form
emerged or because of limitations in the
keys for morphological identification, which
were out of date. The only clear association
between culicid species and type of brome-
liad (Table 2) was for Cx. quinquefasciatus,
one of the most abundant species, which
was found exclusively in terrestrial brome-
liads.

The bromeliads found in the parks be-
longed to the genera Aechmea, Alcantarea,
Edmundoa, Neoregelia, Nidularium, Ques-
nelia and Vriesea, all of which are com-
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mon in the Atlantic Forest. Aedes albopic-
tus was the most abundant mosquito spe-
cies collected (660 specimens or 32.35% of
the total), followed by Cx. quinquefasciatus
(548 specimens or 26.86%) and Culex (Mi-
croculex) imitator (444 or 21.76%). An-
other epidemiologically important species
collected was Ae. aegypti (122 or 5.98%).
The other species together accounted for
only 13.05% of the total number collected
(Table 1). The taxa with the widest distri-
butions were Ae. aegypti and Tx. spp.,
found in eight parks, followed by Ae. al-
bopictus (seven parks) and Cx. quinquefas-
ciatus (five parks).

The parks with the highest species rich-
ness were Anhanguera Park, Ibirapuera

Park and Santo Dias Park, each of which
had eight species, followed by Previdência
Park with six species, Piqueri Park with
five and Burle Marx Park with four. No
more than three species were recorded for
any of the other parks (Table 1).

The largest numbers of specimens inde-
pendently of species were collected in
Piqueri Park (1,019) and Santo Dias Park
(632), which together accounted for almost
three quarters of all the specimens col-
lected and had the largest number of bro-
meliads. Ibirapuera Park and Park Mario
Covas, where 136 and 102 individuals were
collected, respectively, also accounted for
a significant number of the sample popu-
lation. The remaining parks together ac-
counted for just 151 specimens.

Fig. 1. Location of the fifteen urban parks in the city of São Paulo, Brazil, where immature stages of culicids
were found in bromeliads between October 2010 and July 2013

Fig. 2. Collection of immature mosquitoes in leaf axils of bromeliads using suction samplers in urban parks in
the city of São Paulo, Brazil, between October 2010 and July 2013. (A) Terrestrial bromeliad, (B) Epiphytic

bromeliad
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Table 1. Number of immature mosquitoes collected by species for each urban park and type of bromeliad (terrestrial or epiphytic) collected between October 2010 and July
2013 in the city of São Paulo, Brazil
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Aedes (Stegomyia) aegypti (Linnaeus,
1762)

3 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 2 0 0 0 72 19 2 2 0 7 0 13 0 0 122 5.97

Aedes (Stegomyia) albopictus (Skuse,
1895)

16 0 7 0 0 0 0 0 0 5 0 0 28 14 0 0 0 0 0 0 90 467 2 7 0 0 3 21 0 0 660 32.3

Aedes (Ochlerotatus) fluviatilis (Lutz,
1904)

0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0.3

Culex (Culex) chidesteri Dyar, 1921 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.05
Culex (Culex) quinquefasciatus Say,
1823

15 0 0 0 0 0 0 0 0 1 0 0 70 0 0 0 100 0 0 0 362 0 0 0 0 0 0 0 0 0 548 26.8

Culex (Microculex) imitator imitator
Theobald, 1903

0 0 0 0 0 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 78 362 0 0 444 21.7

Culex (Microculex.) Group Imitator
(Theobald, 1903)

0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 13 23 0 0 40 1.9

Limatus durhami Theobald, 1901 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 1 0 0 0 0 0 0 8 0.4
Trichoprosopon (Trichoprosopon) pal-
lidiventer (Lutz, 1905)

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 3 0.15

Toxorhynchites bambusicola (Lutz ,
Neiva, 1913)

1 0 0 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 9 0.4

Toxorhynchites solstitialis (Lutz, 1904) 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0.1
Toxorhynchites spp. Theobald, 1901 9 0 29 0 0 0 0 2 0 0 5 0 8 0 0 0 0 0 0 1 0 0 0 8 0 0 1 3 0 0 66 3.2
Wyeomyia (Phoniomyia) davisi (Lutz,
1904)

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 52 0 0 59 2.9

Wyeomyia (Miamyia) oblita (Lutz, 1904) 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0.15
Wyeomyia serratoria (Dyar , Nunez
Tovar, 1927)

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0.1

Wyeomyia (Phoniomyia) cf galvaoi
(Correa, Ramalho, 1956)

0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 51 0 0 64 3.1

Wyeomyia. spp Theobald, 1901 0 0 4 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0.2

Total no. of individuals 49 0 41 0 0 3 1 2 0 7 14 0 119 17 1 0 102 0 0 1 533 486 6 19 0 7 106 526 0 2 2,042 100
Total no. of species 8 4 3 2 3 2 8 2 2 1 5 6 1 8 1
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Table 2. Number and frequency of culicids in decreasing order of abundance in terrestrial and epiphytic bromeliads collected between October 2010 and July 2013 in urban
parks in the city of São Paulo, Brazil

Species
N. in

terrestrial
bromeliads

Frequency in
terrestrial
bromeliads

N. in
epiphytic

bromeliads

Frequency in
epiphytic

bromeliads

Total no. of
specimens

Aedes (Stegomyia) albopictus (Skuse, 1895) 146 0.22 514 0.77 660

Culex (Culex) quinquefasciatus Say, 1823 547 0.99 1 0.002 548

Culex (Microculex) imitator imitator Theobald, 1903 82 0.18 362 0.81 444

Aedes (Stegomyia) aegypti (Linnaeus, 1762) 80 0.65 42 0.34 122

Toxorhynchites spp Theobald, 1901 52 0.78 14 0.21 66

Wyeomyia (Phoniomyia) cf. galvaoi (Correa, Ramalho, 1956) 13 0.20 51 0.79 64

Wyeomyia (Phoniomyia) davisi (Lutz, 1904) 7 0.11 52 0.88 59

Culex (Microculex.) Group Imitator (Theobald, 1903) 15 0.37 25 0.62 40

Toxorhynchites bambusicola (Lutz , Neiva, 1913) 4 0.44 5 0.55 9

Limatus durhami Theobald, 1901 7 0.87 1 0.12 8

Aedes (Ochlerotatus) fluviatilis (Lutz, 1904) 6 1.0 0 0.0 6

Wyeomyia spp Theobald, 1901 5 1.0 0 0.0 5

Trichoprosopon (Trichoprosopon) pallidiventer (Lutz, 1905) 3 1.0 0 0.0 3

Wyeomyia (Miamyia) oblita (Lutz, 1904) 3 1.0 0 0.0 3

Toxorhynchites solstitialis (Lutz, 1904) 1 0.5 1 0.5 2

Wyeomyia serratoria (Dyar , Nunez Tovar, 1927) 1 0.5 1 0.5 2

Culex (Culex) chidesteri Dyar, 1921 0 0.0 1 1.0 1

Total no. of individuals per type of bromeliad 972 0.48 1,070 0.52 2,042
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Discussion

This study, the first to investigate im-
mature mosquitoes in bromeliads in mu-
nicipal parks in the city of São Paulo, Bra-
zil, found seventeen species or groups from
the genera Aedes, Culex, Trichoprosopon,
Toxorhynchites, Limatus and Wyeomyia in
these plants. The findings were similar to
those of previous studies except that we
failed to find species from the subgenus
Kerteszia of Anopheles, a group of mos-
quitoes found almost exclusively in bro-
meliads, some species of which are consid-
ered vectors of “bromeliad-malaria” in the
Atlantic Forest of South and Southeast Brazil
(Consoli and Lourenço-de-Oliveira 1994,
Marques et al. 2012, Ribeiro et al. 2012).
This absence could be due to the urban or
peri-urban nature of the parks visited, as
this subgenus is considered a bioindicator
of preserved environments (Dorvillé 1996).

Of the Sabethini tribe, which includes
mosquito species with diurnal habits usu-
ally associated with less anthropic environ-
ments, only species of the genera Limatus,
Trichoprosopon and Wyeomyia were found.
Of these species, Limatus durhami tends to
be adapted to anthropic environments
(Consoli and Lourenço de Oliveira 1994),
and immature forms of this species have
been reported in artificial breeding sites
such as waste tires near houses (Zequi et
al. 2005). Like most other Culicidae, the
Sabethini are potential vectors of several
arboviruses and have been found carrying
the Pixuna, Bussuquara, Wyeomyia, Ilhéus
and yellow fever viruses (Forattini 2002).

In our survey, we recorded Ae. aegypti
and Ae. albopictus in eight and seven parks,
respectively. These species are the main
vehicles of dengue and Chikungunya virus
in various parts of the world but are con-
sidered exotic species in Brazil (Bhatt et al.
2013). They use the same breeding sites in
the urban environment, although Ae. al-
bopictus is also often found inhabiting ru-
ral and natural environments.

The finding of Ae. albopictus and Ae.

aegypti in bromeliads demonstrates the high
ecological valence of both species. Ac-
cording to Crovello and Hacker (1972), the
use of bromeliads by Ae. aegypti may be
considered a remnant of primitive behavior
of the species, as outside its original envi-
ronment (Northwest of Africa) this species
is found strictly only in synanthropic envi-
ronments, is highly dependent on clean water
in containers associated with intradomicile
environments and exhibits anthropophilic
behavior (Forattini 2002). Aedes albopictus
is considered the wilder and more exophilic
of the two species, with the potential to
disperse through various habitats, and is
often found breeding in phytotelmata, such
as those in bromeliads and bamboos (Natal
et al. 1997). Our results indicate that in ur-
ban parks Ae. albopictus is better able to
colonize bromeliads, a finding that may be
related to the fact that these environments
possess similar characteristics to those of
rural and wild environments despite being
embedded in an urban landscape.

Another Aedeini registered was Ae. flu-
viatilis, a suspected vector in the trans-
mission of arboviruses to humans that is
found in wild or modified environments
and is associated with small, usually tem-
porary rupiculous breeding sites with little
shade (Forattini 2002). In the present study,
only six specimens were found (in Ibirapuera
Park), showing that, although not their pre-
ferred breeding sites, bromeliad phytotelmata
may be used by this species for the devel-
opment of its immature form.

Culex quinquefasciatus is a recognized
vector of the worm that causes Bancroftian
filariasis infection, Wuchereria bancrofti.
This cosmopolitan mosquito species is also
associated with the transmission of West
Nile virus in the United States, Canada and
Mexico (Murray et al. 2010). The species
is adapted to environments that have been
changed by anthropogenic activities, main-
ly in areas where the disorderly use of ur-
ban spaces is associated with a lack of in-
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frastructure and failures in sewage and
drainage systems, resulting in the accu-
mulation of dirty still waters, which favor the
proliferation of this culicid (Morais et al.
2006). Although the species is characteristic
of large breeding sites, it has high ecologi-
cal valence and may occupy small natural
and artificial containers, such as bromeli-
ads, tree holes, bamboo and tires (Consoli
and Lourenço de Oliveira 1994, Forattini
2002). Our results suggest that this species
is found more abundantly in terrestrial bro-
meliads in parks in the city of São Paulo.

The subgenus Microculex Theobald,
1907 of Culex displays a strong preference
for breeding in natural containers, especially
bromeliads and tree hollows, the former
typically used by species Cx. (Mcx) imita-
tor (Muller and Marcondes 2006). In the
present study, Cx. imitator was recorded in
five parks, but in high abundance only in
Santo Dias Park, where it was found in
terrestrial and epiphytic bromeliads.

The genus Toxorhynchites includes spe-
cies that typically develop in bromeliads,
tree holes and bamboo internodes and rare-
ly in artificial breeding sites such as tin
cans, barrels and tires (Lopes 1997). The
adults are exclusively phytophagous and
are considered to be the only culicid that is
harmless to man and other vertebrates.
Their larvae are equipped with powerful
jaws adapted to predation of smaller im-
mature aquatic arthropods, including other
culicids. For this reason, species of this
genus have been suggested as tools for bi-
ological control in the context of integrated
pest management (Nyamah et al. 2011).

Bromeliads are considered highly selective
breeding sites, and some species of culicids,
such as those of the genera Wyeomiya and
Trichoprosopon, are closely associated with
these plants (Mocellin et al. 2009). The spatial
distribution of these culicids is therefore quite
restricted. The bromeliads found in parks
may represent ecological refuges for these
species, which may have been introduced in
these green areas unintentionally when these
plants were used for ornamentation.

Previous studies have shown that vari-
ous species of culicids are present in con-
servation areas and public parks in the city
of São Paulo (Urbinatti et al. 2001, Taipe-
Lagos and Natal 2003, Montes 2005, Ribeiro
et al. 2012, Medeiros-Sousa et al. 2013).
Contributing to this body of knowledge,
our study has shown that bromeliads in
urban parks in the city of São Paulo not
only act as refuges for populations of na-
tive species of culicids, but are also used
for breeding by exotic and epidemiologi-
cally important species such as Ae. aegypti,
Ae. albopictus and Cx. quinquefasciatus,
which have a high ecological valence, are
synanthropic and play an important role as
vectors of human diseases. These green ar-
eas constitute highly favorable niches, as
they increase the supply of resources (food
and shelter), provide protection against nat-
ural enemies and physical changes in the
environment (such as changes in tempera-
ture and rainfall) and may improve the sur-
vival of species that can exploit small and
isolated remnants of native habitats and
therefore tolerate a greater degree of urban
development than species that are more
sensitive to the same transformations in en-
vironments occupied by humans (McIntyre
2000).

Conclusion

The bromeliads present in urban parks
of the city of São Paulo not only act as
refuges for populations of native species of
culicids but also allow exotic and epidemi-
ological important species such as Ae. ae-
gypti, Ae. albopictus and Cx. quinque-
fasciatus, to use these habitats for prolifer-
ation of their populations. It is important
for administrators and mosquito control and
surveillance agencies to constantly monitor
this microenvironment, since the presence
of these species endangers the health of
park users and employees as well as people
living near the parks.
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