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Abstract: Alocasia macrorrhizos (L.) G.Don grows and proliferates in shaded areas in several forest fragments in urban
zones. The adult plant has axils that accumulate rain water (phytotelmata) and serve as breeding sites for several families
of aquatic insects. The objective of this study was to determine the composition of the entomofauna associated with
water accumulations in axils of 4. macrorrhizos in urban areas of Manaus, Brazil. Individuals of 4. macrorrhizos were
sampled in five forest fragments, between April/2005 and March/2007 in urban areas of Manaus, totaling 184 sampling
units. A manual suction hose was used for the removal of entomofauna. A total of 1,941 immatures of Diptera were
collected representing the following families: Culicidae (96.5%), Chironomidae (2%), Psychodidae (0.7%), Ephydridae
(0.7%) and Corethrellidae (0.1%). Five Culicidae species were identified: Wyeomyia melanocephala Dyar & Knab,
1906 (91.7%), Wy. ypsipola Dyar, 1922 (4.3%), Aedes albopictus (Skuse, 1894) (2.3%), Ae. aegypti (Linnaeus, 1762)
(1.5%) and Johnbelkinia longipes (Fabricius, 1805) (0.1%). The members of Culicidae were the most abundant,
confirming the importance of this group in communities associated with phytotelmata, with a positive relation to the
volume of water (p <0.05). The occurrence of Ae. aegypti and Ae. albopictus in axils of A. macrorrhizos demonstrates
the potential of this Araceae as a breeding site of these medically important species. However, the real contribution of
this Araceae in the maintenance and dispersion of populations of these two species of mosquitoes throughout the year
should be further studied.
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Comunidade de Diptera (Insecta) colonizando axilas de Alocasia macrorrhizos (L.)
G.Don (Araceae), com registros de Aedes aegypti (L.) e Aedes albopictus (Skuse)
na area urbana de Manaus, Amazonas

Resumo: A. macrorrhizos (Araceae) ¢ cultivada e se prolifera naturalmente em locais sombreados em diversos fragmentos
de mata na zona urbana de Manaus. A planta adulta apresenta axilas que acumulam agua da chuva (phytotelmata) e
servem de criadouro para diversas familias de insetos aquaticos. O objetivo do trabalho foi conhecer a composigdo da
entomofauna associada as axilas de 4. macrorrhizos, na area urbana de Manaus, Amazonas, Brasil. Entre 2005 ¢ 2007,
individuos de A. macrorrhizos foram amostrados em cinco fragmentos urbanos de mata, totalizando 184 unidades
amostrais. Uma mangueira de suc¢do manual foi utilizada para coletar a fauna associada. Um total de 1.941 imaturos de
Diptera foram coletadas, representadas pelas seguintes familias: Culicidae (96,5%), Chironomidae (2%), Psychodidae
(0,7%), Ephydridae (0,7%) e Corethrellidae (0,1%). Foram identificadas cinco espécies de Culicidae: Wyeomyia
melanocephala Dyar & Knab, 1906 (91,7%), Wy. ypsipola Dyar, 1922 (4,3%), Aedes albopictus (Skuse, 1894) (2,3%),
Ae. aegypti (Linnaeus, 1762) (1,5%) e Johnbelkinia longipes (Fabricius, 1805) (0,1%). Os representantes de Culicidae
foram os mais abundantes confirmando a importancia desse grupo nas comunidades associadas a fitotelmatas, com
relagéo positiva com o volume de dgua por planta (p < 0.05). A ocorréncia de Ae. aegypti e Ae. albopictus nas axilas
de A. macrorrhizos demonstra o potencial dessa Araceae como criadouro para estas espécies de importancia médica.
Contudo, a real contribui¢@o dessa Araceae na manutengao e dispersao populacional dessas duas espécies de mosquitos
ao longo do ano precisa ser melhor estudada.

Palavras-chave: Culicidae, fitotelmata, fragmentos florestais, mosquitos, vetores.
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Introduction

Plant structures capable of storing rain water, such as modified leaves,
stem holes, leaf axils, flowers, open fruits and fallen leaves are known by
the term phytotelmata (Fish 1983). Among the best-known phytotelmata are
the axils of plants. Plants with these structures that occur in South America
include: Phenakospermum Endl. (“bananeira-brava”: Strelitziaceae),
Musa L. (Musaceae), Bambusa Schreb. (Poaceae), Mauritia L. (Arecaceae),
Heliconia L. (Heliconiaceae), Calathea G. Mey. (Maranthaceae), Guzmania
Ruiz & Pavon and Vriesea Lindl. (Bromeliaceae), Alocasia (Schott) G. Don
(Araceae) (Kitching 2000) and Eryngium (Apiaceae) (Campos 2010). Some
of these plants have been used as ornaments, such as giant taro or “taja”
(Araceae), a plant from Asia that is well distributed through Venezuela,
Colombia and Brazil. In Brazil, 12 genera and 55 species of Araceae are
known in Reserva Florestal Ducke, which is adjacent to the city of Manaus
(Ribeiro et al. 1999).

The fauna associated with phytotelmata is mainly composed of insects,
with more than 70 families and 11 orders recorded so far, with Diptera as
the most abundant order (Greeney 2001). In these environments aquatic
larvae of Diptera are considered to be an ecologically important group
because it occupies several aquatic ecosystems and contributes to the diet
of other animals in these environments (Kitching 2000, 2001).

Many families of Diptera have medical or veterinary importance because
they are involved in the transmission of etiological agent. The habitats
of the immature forms of Culicidae have therefore received attention.
Ecological and epidemiological studies show the increasing number of
recipients in urban areas as a result of waste discarded by modern society
(Soares et al. 2008). Consequently, providing sites for mosquitoes of
Aedes (Stegomyia) Theobald, in urban areas (Cunha et al. 2002), being
responsible for transmitting dengue, Chikungunya, zika virus and yellow
fever throughout the Americas, Africa and Asia (Marcondes & Ximenes
2016, Lopes et al. 2014).

The capacity of Araceae (genera Alocasia, Colocasia and Xanthosoma)
to hold immature forms of aquatic insects, mainly Diptera, in the
water stored in their axils has been studied in forest areas in Venezuela
(Delgado & Machado-Allison 2006). Members of Sabethini (Culicidae)
were the most frequent and abundant (Machado-Allison et al. 1986,
Delgado & Machado-Allison 2006). Some species have the capacity to
detect favorable habitats for oviposition, with varying degrees of specificity
as to the host plant, and this can be specific to only one plant or to several
plant species with similar structures within a specific area (Kitching 2000).
We also need to consider that the axil size, volume of water, number of
leaves, and quantity of debris are all variables that influence the structure

of the communities associated with phytotelmata (Ambruster et al. 2002,
Melnychuk & Srivastava 2002, Ospina-Bautista et al. 2004, Torreias et al.
2010).

Forest fragments in urban or suburban areas of Manaus offer favorable
places for the development of several insect species in public and private
areas. These environments, if not monitored, may become locations used by
city residents for disposal of artificial recipients — the main breeding sites of
Aedes aegypti (L., 1762) (Lopes et al. 1985, Consoli & Lourengo-de-Oliveira
1994). In addition, many of these fragments have secondary forest, where
populations of Alocasia macrorrhizos (L.) G.Don are abundant and grow
naturally in these uninhabited areas (personal observations).

The objective of the present study was to determine the composition of
entomofauna associated with the axils of 4. macrorrhizos and to verify the
potential of this species of ornamental plant as a breeding site for Ae aegypti
and Ae. albopictus (Skuse, 1894) in urban zones of Manaus, Brazil.

Material and Methods

Samples were collected in urban areas of the municipality of Manaus,
Amazonas state. The region in which the city is located has two seasons
during the year: the rainy season (December to May) being March the
rainiest month, and the dry season (June to November) being August the
driest month (Fisch et al. 1998). Alocasia macrorrhizos (Figure 1a) is grown
and proliferates naturally in shaded areas, mainly on wet and acidic soils.
The adult plant has leaves up to one-meter long, thus having large leaf
axils that can store a significant quantity of water (Gomez Zuluaga 2003).

Sampling was done where more individuals of 4. macrorrhizos were available,
in five forest fragments: Area 1: Campus 1 of the Instituto Nacional de Pesquisas
da Amazonia/ INPA (03°05°46.97” S, 59°59°23.58” W), Area 2: Paraiba
Street (03° 05”31.92” S, 60° 00° 30.19” W), Area 3: Parque Municipal
do Mindu (03° 04° 41.6” S, 60° 00° 29.5” W), Area 4: Franceses
Road (03° 04° 25” S, 60° 02’ 10” W), Area 5: Passeio do Mindu
(03°05°12.4” S, 60° 00° 33” W).

Areas 1 and 3 have plant species that are characteristic of primary
forest that survived cutting mainly due to resprouting from the original
stem, as well as species introduced by gardening. These areas make a major
contribution to the conservation of the natural and cultural resources in
Manaus municipality. By contrast, forest fragments in Areas 2,4 and 5 are
characterized by heavy anthropic intervention, with pioneer species characteristic
of secondary vegetation. These areas have rainwater retained in permanently
waterlogged soil, favoring the development of palms, “bananeira-brava”
and large individuals of giant taro (more than 1 m in height).

e
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Figure 1. a) Group of A. macrorrhizos, located at INPA Campus I, Manaus, AM; b) Manual suction hose used to collect aquatic entomofauna.
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Campus I of INPA (Area 1) and Parque do Mindu (Area 3) were
considered to be the sites with the lowest anthropic impact because, despite
having masonry constructions, they had a broad cover of primary vegetation
and ornamental plants. Area 2 (Paraiba Street) was considered to be the
most impacted because it has lowland vegetation that is exposed to sewage
disposal and the waste dumping. Areas 4 and 5 have secondary vegetation
fragments of approximately 1 ha each and low canopy vegetation, which
partially covers Araceae plants. These are found grouped on sites covered
by Selaginella (Pteridophyta).

Sampling periods corresponded to transition months between wet and
dry periods in the hydrological regime: April to July 2005, January to August
2006, and March 2007, for a total of 13 months. A manual suction hose
was used for the removal of the entomofauna (Figure 1b) and all of the
liquid content was transferred to plastic 500 mL recipients. To ensure the
removal of any specimens from the bootom, a second wash was performed
on each leaf axil, with distilled water, and the liquid deposited in another
container properly labeled. All material was transported to the Laboratorio
de Insetos Aquaticos da Coordenagao de Biodiversidade (CBio/INPA).
Fourth-instar larvae and pupae of Culicidae were individualized to obtain
adults and to help in species-level identification (Lane 1953a, b, Motta
& Lourengo-de-Oliveira 2000). The remaining samples were fixed in
80% ethanol for identification at the family level. Mosquito genera were
abbreviated according to Reinert (2009). The positivity index for each
species of Culicidae was estimated by dividing the number of positive
sampled axils for a given species by the total A. macrorrhizos axils
investigated (Gomes 1998). The positivity index is usually used in studies
with Culicidae and is important because it reveals the percentage frequency
of occurrence of a particular species on the sampled sites throughout the
investigated period (Resende et al. 2013).

In order to characterize the phytotelmata environment, we measured pH
with a Warterproof PC 300, Oakton Instruments and the volume of water
retained in A. macrorrhizos axils using a graduated cylinder. Such parameters
were selected for having influence phytotelmata communities structuring
(Yanoviak 1999, Kitching 2001). Simple linear regression (Ln (x+1)) was
used to evaluate relationships between total mosquito abundance and the
total amount of water (mL), and also between total mosquito abundance
and pH values (significance level, p < 0.05) (Zar 1996). The collected
material is deposited in the Colegao de Invertebrados do Instituto Nacional
de Pesquisas da Amazonia — INPA, Manaus, Brazil.

Results

Actotal of 1,941 immatures of Diptera were collected in 184 sampling
units. As expected in communities of phytotelmata, the members of family
Culicidae were the most abundant, being 96.5% of all individuals, followed
by Chironomidae (2%), Psychodidae (0.7%), Ephydridae (0.7%) and
Corethrellidae (0.1%) (Table 1 and 2). Of the total of 184 samples analyzed,
147 had immature insect in their axils, with an average of 10.5 (SE=16.8)
individuals per plant.

Wyeomyia melanocephala Dyar & Knab, 1906 was the most abundant
species (91.7%), followed by Wy. ypsipola Dyar, 1922 (4.3%) (Table 2).
These species occurred in all of the sampling sites. They had high rates of
positivity index (78.3% and 24.5%, respectively). Johnbelkinia longipes
(Fabricius, 1805), a wild mosquito, was found in only one sample (Table 2).
Immatures of Ae. albopictus and Ae. aegypti was found in four areas with
low abundance (Table 2) and low index of positivity (Table 3).

The volume of water in the plants ranged from a minimum of 10 to a
maximum of 210 mL (average of 40 mL), and the abundance of Culicidae
larvae was positively related to the water volume (p < 0.05, Figure 2).
The pH varied from 6 to 7.2, and did not influence the abundance of
mosquitoes (1> = 0.0286, y = -2.43970427 + 0,644322259*x, p > 0.05).

Discussion

Two Culicidae tribes were found in this study: Sabethini and Aedini.
Sabethini species are known by their strong association with phytotelmata
formed by the axils of plants such as bromeliads, Araceae, Rapataceae
and Heliconiaceae, and also phytotelmata formed in bamboo internodes,
fallen husks of fruits and fallen flower bracts of palms (Navarro et al. 2007,
Kitching 2000). In these environments, females lay their eggs in isolation
and larvae usually develop in confined spaces.

The two mosquito species most abundant and frequent, . melanocephala
and Wy. ypsipola, occurred in all of the sampling sites, with high rates of
positivity index, indicating a strong affinity with the phytotelmata studied
in the urban area. This corroborates the studies by Machado-Allison et al.
(1986) and Delgado & Machado-Allison (2006), who recorded these
two species as being the most frequent and abundant larvae collected in
A. macrorrhizos in a forest in Venezuela. In urban areas, Wy. melanocephala
was also recorded colonizing Zingiberaceae axils, which have a similar

Table 1. Abundance of Diptera families collected in 4. macrorrhizos (n = 184) in urban areas of Manaus, AM, 2005 to 2007. Caption: Area 1: Campus I — INPA; Area
2: Paraiba Street; Area 3: Parque do Mindu; Area 4: “Franceses” Road; Area 5: “Passeio do Mindu”.

Families Area 1l Area 2 Area 3 Area 4 Area 5 Total

Culicidae 771 613 184 121 1,873
Chironomidae 0 40 0 0 40
Psychodidae 0 8 4 1 13
Ephydridae 10 0 1 13
Corethrellidae 0 2 0 0 2

Total 781 664 188 123 1,941

Table 2. Abundances and percentages of total (%) of Culicidae species collected in 4. macrorrhizos (n = 184) in urban areas of Manaus, AM, 2005 to 2007. Area 1:
Campus I/INPA; Area 2: Paraiba Street; Area 3: Parque do Mindu; Area 4: “Franceses” Road; Area 5: “Passeio do Mindu”.

Species Area 1 (%) Area 2 (%) Area 3 (%) Area 4 (%) Area 5 (%) Total (%)

Wy. melanocephala 696 (37.2) 557 (29.7) 174 (9.3) 172 (9.2) 118 (6.3) 1,717 (91.7)
Wy. ypsipola 54(2.9) 8(0.4) 5(0.3) 10 (0.5) 3(0.2) 80 (4.3)
Ae. albopictus 14 (0.7) 27 (1.4) 1(0.1) 2(0.1) 0 44 (2.3)
Ae. aegypti 7(0.4) 21 (1.1) 1(0.1) 0 0 29 (1.5)
Jo. longipes 0 0 3(0.2) 0 0 3(0.2)

Total 771 (41.2) 613 (32.7) 184 (9.8) 184 (9.8) 121 (6.5) 1,873 (100)
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# =0.1858; r=0.4310; p = 0.001;
y = 1.2533 + 0.0144%x

Culicidae abundance (LN (x+1))

0 40 80 120 160 200 240
Volume (mL)

Figure 2. Simple linear regression (Ln (x+1)) of Culicidae abundance and the volume
of water (mL) retained in the axils of A. macrorrhizos, Manaus, AM.

Table 3. Positivity index (frequency of occurrence) of Culicidae species collected
in A. macrorrhizos (n = 184) in urban areas of Manaus, AM, 2005 to 2007.

Positivity index

Culicidae species

Wy. melanocephala 78.26
Wy. ypsipola 24.45
Ae. albopictus 8.15
Ae. aegypti 6.52
Jo. longipes 0.54

ways of retaining water (Machado-Allison et al. 1986, Consoli &
Lourengo-de-Oliveira 1994).

Wyeomyia specimens are often found in bromeliads, bamboo internods
and tree holes located in forest fragments in Brazil (Marques & Forattini 2008,
Torreias et al. 2010, Ceretti-Junior et al. 2014). It is known that adult
females are eclectic in the search for hosts. However, detailed studies of
feeding behavior and biology of the group are still incipient (Forattini 2002).
In Brazil, the genus Wyeomyia may be involved in the natural transmission
of arbovirus //heus, causing fever and encephalitis (Lopes et al. 2014).
However, the species of this genus are not yet listed as important vectors
of viral agents.

On the field, observations were made regarding the feeding habit
that corroborated with the results by Machado-Allison et al. (1986):
Wy. melanocephala larvae uses the siphon as a supporting organ to fix itself
in the deepest part of the axil and filter organic matter particles. By contrast,
Wy. ypsipola larvae stays at the bottom searching for prey (smaller larvae of
Culicidae and Ephydridae, which are common in these Araceae), directing
its mouth apparatus to the surface. This species has a bucal apparatus that
is well developed for predatory habits; however, if prey is lacking, it can
also feed on filtered organic matter (Machado-Allison et al. 1986).

We found Jo. longipes in only one sample (with three individuals)
in June 2006. Anthropic alterations, including use of ornamental plants
for landscaping purposes, may offer a stimulus for the presence of
these species, which previously were found exclusively in wild areas
(Consoli & Lourengo-de-Oliveira 1994). Specimens of Johnbelkinia
Zavortink, appear to be specific to phytotelmata formed by axils of Araceae
(Navarro et al. 2007), as reported by Machado-Allison et al. (1986) and
Delgado & Machado-Allison (2006), who recorded larvae of Jo. ulopus
(Dyar & Knab) only in axils of the aroids plants Alocasia, Colocasia and
Xanthosoma in Venezuela.

Regarding Aedini, we identified members of Ae. albopictus and
Ae. aegypti. Immatures of Ae. albopictus and Ae. aegypti were collected
in areas with low anthropic impact (Areas 1 and 3) and also in an area with
high impact (Area 2), but always in shaded areas provided by well-developed
leaves of large Araceae located a few meters from human constructions
and residential areas. In Brazil, Ae. albopictus has been previously found
in phytotelmata, such as holes in trees, bamboo internodes (Gomes et al.
1992, Muller & Marcondes 2010) and bromeliads (Marques et al. 2001,
Mocellin et al. 2009).

Ae. albopictus is only considered to be a primary vector for the spread
of dengue and yellow fever in some regions of Asia; additionally, many
studies show the capacity of this species to serve as a potencial vector for
several arboviruses (Alencar et al. 2008), including dengue, Chikungunya
and zika virus (Marcondes & Ximenes 2016). Thus, the possibility of local
transmission of all these arboviruses by this insect cannot be discarded,
indicating the need for studies of their breeding sites, especially in urban
areas. Aedes albopictus can easily adapt to rural areas as well as urban
areas, becoming a zoonotic bridge in both places. Therefore, due to the
wide ecological valence and the susceptibility of this species to the main
arboviruses registered in Brazil, it is important that this mosquito is also
included in epidemiological monitoring and control programs together with
Ae. aegypti (Alencar et al. 2008, Marcondes & Ximenes 2016).

Ae. aegypti is the only known vector of dengue, Chikungunya and
zika virus in urban areas in many Brazilian States. The occurrence of
Ae. aegypti tends to indicate a public health problem. This species has
synanthropic behavior and usually occupies anthropic areas (Forattini 2002).
In urban areas, it usually breeds in discarded recipients; however, studies
show that this species uses natural breeding sites in urban and rural
areas with a great variety of microorganisms and organic matter for the
development of its immature forms, such as domesticated bromeliads
whether or not they are used for decorative purposes (Cunha et al. 2002,
Delgado & Machado-Allison 2006, Gongalves & Messias 2008).

In the present study, Ae. aegypti and Ae. albopictus was found in low
number and with sporadic nature of occurrence, as shown by the low
index of positivity for both species. As demonstrated in other studies in
urban areas (Mocellin et al. 2009; Santos et al. 2011), this kind of habitat
(axils of plants) does not seem to play an important role as breeding site for
the larvae of these mosquitoes, being the water held in manmade containers
the main oviposition sites for Ade. aegypti and Ae. albopictus females
(Soares et al. 2008). These two species of mosquitoes were more abundant
in Areas 1 and 2, especially Area 2, considered to be the most impacted
anthropically, with greater discarding of domestic waste, which may have
contributed to the higher number of Ae. aegypti and Ae. albopictus in this
sample site in comparison with the other sample areas. The record of these
species colonizing axils of A. macrorrhizos is important, since this small
population of mosquitoes can serve as a reservoir for the introduction of
these species in nearby residences.

Other organisms were collected in the axils of A. macrorrhizos,
including Chironomidae, Psychodidae, Ephydridae and Corethrellidae
larvae, some of which inhabited the axils with Culicidae. These families
are very common in these environments, but according to the literature
they had low number of species when compared with other studies of
phytotelmata in forest areas in Central Amazon (Neiss 2007, Torreias &
Ferreira-Keppler 2011).

Chironomidae were found in only one sample (Area 2). Nevertheless,
after Culicidae, this is the second most abundant and diverse group in
phytotelmata, colonizing various species of plants that are capable of
storing water (Kitching 2000) in addition to breeding in sites formed
by mycotelmata (Ferreira et al. 2001, Serpa-Filho et al. 2007). In this
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environment, chironomid larvae have broad feeding plasticity (preying,
filtering-collecting, scraping and collecting).

Information on Corethrellidae is relatively scarce in the Brazilian
Amazon. According to Borkent (2008) there are 12 species recorded from
this area. The females of Corethrella Coquillett, the only extant genus
of the family, are hematophagous, feeding exclusively on frog blood.
The immature forms are generalist predators which develop in still waters,
lakes, bamboo internodes and plant axils (Borkent 2008). Corethrella was
collected only once in the present study. Larvae of the genus was also
found in the bromeliad Guzmania brasiliensis Ule, in forest areas in the
Amazon (Torreias & Ferreira-Keppler 2011).

Ephydridae larvae were found in the axils of Araceae, usually with little
water and high quantities of organic matter. These organisms are detritivorous
(Delgado & Machado-Allison 2006) and feed on fine sediments from
allocthonous components that, in these locations, depend on retained rain
water, leading to a diet with extrinsic characteristics. Larvae of Ephydridae
has already been registered in bamboo internodes (Sanchez & Liria 2009),
and has been previously found in A. macrorrhizos, as related by Delgado &
Machado-Allison (2006). It seems that this family mainly inhabits places
with plenty of organic matter where they feed on debris.

The positive relationship between immature mosquitoes and water
volume, corroborate other studies on Culicidae that use phytotelmic habitats
(Yanoviak 1999, Torreias et al. 2010). In A. macrorrhizos, as in other
phytotelmic habitats, the increase in the volume and persistence of water
are essential factors to maintain an aquatic community in these ecosystems
(Srivastava & Lawton 1998, Kitching 2000, Ospina-Bautista et al. 2004,
Yanoviak et al. 1999 and 2006).

Through this study it was possible to verify the potential of
A. macrorrhizos as breeding sites for Ae. aegypti and Ae. albopictus, as
well as other wild Culicidae. The results show that giant taro (Araceae),
commonly used as ornamental plants in urban areas of Manaus, can be
used sporadically by epidemiologically important mosquitoes species.
However, the real contribution of this Araceae in the maintenance and
dispersion of populations of these two species of mosquitoes throughout
the year should be further studied.
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