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Diversity and distribution of sandflies (Diptera: Psychodidae:
Phlebotominae) in a military area in the state of Amazonas, Brazil

Luis Henrique Monteiro Gomes/*, Maria Ivonei Carvalho Albuquerque,
Liliane Coelho da Rocha, Francimeire Gomes Pinheiro, Antonia Maria Ramos Franco

Laboratério de Leishmaniose e Doenga de Chagas, Coordenagao de Pesquisas em Ciéncias da Satde,
Instituto Nacional de Pesquisas da Amazdnia, Manaus, AM, Brasil

This study reports the distribution, ecotopes and fauna diversity of sandflies captured in five training bases
on a military reserve in Manaus, state of Amazonas (AM). A total of 10,762 specimens were collected, which were
distributed among 58 species, with the highest number recorded at Base Instruction 1 (BIl). A higher rate of species
richness was found at the Base Instruction Boina Rajada and low levels of diversity associated with a high abun-
dance index with the clear dominance of Lutzomyia umbratilis, Lutzomyia ruii and Lutzomyia anduzei were found
at BIl. The abundance of Lu. umbratilis raises the possibility of outbreaks of American cutaneous leishmaniasis by

the main vector of the disease in AM.
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The maintenance of endemic diseases in a given
area, particularly those transmitted by vectors such as
leishmaniasis, depends on the presence of populations
of species involved in the transmission cycle (etiological
agents, reservoir hosts and vectors) and environmental
conditions that are favourable to their development (Xi-
menes et al. 2007).

American cutaneous leishmaniasis (ACL) is endemic
in Brazil and has three distinctive epidemiological pat-
terns, colonising (i) sylvatic, (ii) occupational/leisure
and (iii) rural/periurban areas (MS/SVS 2010). Among
the occupational patterns to consider in the epidemi-
ology of ACL is military training (MT) in the jungle,
which provides human contact with sandfly vectors of
this disease (Paes 1991).

MT in the Amazon jungle occurs throughout the year
and cases of ACL have been observed among the sol-
diers, most likely occurring when they are in the training
area, whether while sleeping or during night training,
within the Amazon rainforest. In many cases, the diag-
nosis of human infection is made in other states when
these individuals return to their hometowns, which diffi-
cult the location of the endemic foci of the disease [Cen-
tre for Jungle Warfare Instruction (CIGS), Doctrine and
Research Department, unpublished observations].

Outpatient visits conducted by the Institute of Tropi-
cal Medicine Manaus, state of Amazonas (AM), Brazil
in the period from 1990-2001 recorded 22,066 cases of
leishmaniasis in the municipality of Manaus, including
140 cases on military bases from the base instruction (BI)
for the CIGS and the 1st Jungle Infantry Battalion (Ist
BIS), located on AM-010 Road (Manaus-Itacoatiara, AM,
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Brazil). Due to the occurrence of ACL in military reserve
(MR) training in the jungle and the lack of information re-
garding the presence of vectors in these areas, the present
study aimed to identify the diversity of the sandflies and
their distribution among five military BIS in Manaus and
verify the ecotopes (plateau, hillside and lowland) of the
higher occurrence of these insects on this MR.

This study was conducted at the MR located between
kilometres 55-70 on the AM-010 highway, which con-
tains approximately 150,000 ha and is 46 km long. The
MR contains five BIS: Boina Rajada (BIBR), Marechal
Rondon (BI1), Lobo D’Almada (BI2), Placido de Castro
(BI3) and Pedro Teixeira (BI4) (Fig. 1).

The vegetation of the area is primary upland forest with
different topographies that can be recognised as plateaus,
hillsides and lowlands. BIBR, BI1 and BI2 are located in
the jungle plateau, which is characterised by high relief,
well-drained clay soil that is nutrient-poor and a canopy of
35-40 m. BI3 is located on the forest hillside, with an area
of transition in the lower parts similar to a campinarana,
but without the vegetative species that characterise this re-
gion and similar to the plateau in the higher parts. The soil
has a clayey consistency in the higher parts and a sandy-
clay consistency in the lower parts. The canopy height is
25-35 m. BI4 is situated in the lowland vegetation, located
on the shores of Lake Puraquequara (Manaus), with a for-
est of campinarana between the lowland areas and hill-
side. Some areas of BI4 have white sand soil with a large
accumulation of leaf litter. Due to the structure of this for-
est, with dense understory trees and shrubs, greater light
penetration is allowed. This area has a canopy height of
15-25 m (Ribeiro et al. 1999).

The capture period was between March 2002-Febru-
ary 2003 for five consecutive days each month and one
day on each military base. The specimens were captured
and stored using 15 light traps of the “modified” CDC
type, with pots attached to the bottom of the trap con-
taining 20 mL of 70% alcohol that were installed close
to the tree 1 m from the ground between 05:00 pm-07:00
am. The light traps were arranged in three different di-
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rections, starting at a distance of 100 m from the mili-
tary housing (AM) and spaced 50 m apart.

The sandflies caught were preserved in 70% alcohol,
transported to the laboratory and identified according to
the classification of Young and Duncan (1994). The data
were analysed according to Roberts and His (1979) with
the support of Microsoft Excel 2010, which evaluated
the standardised index of species abundance (SISA) with
respect to the military bases. Using the software DivEs
- Species Diversity version 2.0 (Rodrigues 2007), tests
were applied to determine the Shannon-Wiener diversity
index (H”), equitability index, Shannon-Wiener index of
species richness (J) and first-order jack-knife index of
species richness of each area analysed.

A total of 10,762 sandflies (3,759 males and 7,003
females) were identified, distributed among 58 species,
with 57 belonging to the genus Lutzomyia and one to
Brumptomyia. The species Lutzomyia umbratilis was the
most abundant, accounting for 3,529 (32.8%) samples of
the total catch, followed by Lutzomyia ruii (1,046/9.7%),
Lutzomyia anduzei (887/8.2%), Lutzomyia olmeca nociva
(668/6.2%), Lutzomyia georgii (507/4.7%), Lutzomyia
squamiventris squamiventris (441/4.1%), Lutzomyia mons-
truosa (425/3.9%) and Lutzomyia flaviscutellata (323/3%)
(Table). The greatest number of sandflies were captured in
BI1 (4,134/38.4%), followed by BIBR (3,032/28.2%), BI2
(2,045/19%), BI3 (1,049/9.7%) and BI4 (502/4.7%).

The species Lu. umbratilis and Lu. ruii were the most
abundant in all the areas studied, with SISA = 1.0. The
sandfly Lu. anduzei obtained a similar rate in BIBR, BI|,
BI2 and BI3 and 0.9 in BI4. The other species, includ-
ing Lu. olmeca nociva, Lu. georgii, Lu. squamiventris
squamiventris, Lu. monstruosa and Lu. flaviscutellata,
exhibited SISA values that ranged from 0.8-0.9 among
the military bases.

The sex ratio of the captured species was higher for
females at all bases and in all the ecotopes studied. The
highest species richness, with an index of S = 50, oc-
curred in BIBR and BIl. However, the highest diversity
index was observed at BI2 (H” = 1.239), followed by BI3
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Fig. 1: satellite image of military reserve area in the state of Ama-
zonas, Brazil, showing the distribution of the five bases of instruc-
tion (BI) [Marechal Rondon (BI1), Lobo D’Almada (BI2), Placido de
Castro (BI3), Pedro Teixeira (BI4) and Boina Rajada (BIBR)]. Source:
Instruction Centre Jungle Warfare.
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(H> = 1.199). The most significant index of equitability
was observed in BI3 (J = 0.748), followed by BI2 (J =
0.745) (Fig. 2). The sandfly distribution among the dif-
ferent ecotopes showed a significant inclination towards
the plateau area (9.211/85%) (Fig. 3) and a high richness
index (S = 57) for this area. However, the highest diver-
sity index and equitability were recorded for the hillside
(H® =1.199; J = 0.748, respectively) (Fig. 4).

The most abundant species were Lu. umbratilis and
Lu. ruii (SISA = 1.0), which were recorded in all three
ecotypes, followed by Lu. anduzei (SISA = 1.0/plateau
and hillside; 0.9 to lowland), Lu. olmeca nociva and
Lu. georgii (SISA = 0.9 in all analysed ecotypes), Lu.
squamiventris squamiventris and Lu. monstruosa (SISA
= 0.9/plateau and hillside; 0.8 to lowland) and Lu. fla-
viscutellata (SISA = 0.9/plateau and hillside; 0.8 to low-
land). In the Brazilian Amazon Region, approximately
200 species of sandflies of the genus Lutzomyia have
been recorded (Camargo & Barcinski 2003), including
the main species that transmit leishmaniasis in the re-
gion (Young & Duncan 1994).

A total of 57 species of the genus Lutzomyia were
recorded in the present study (Table). Four of these spe-
cies are incriminated in the Amazon as vectors of ACL,
including Lu. umbratilis and Lu. anduzei, which are the
main vectors of Leishmania (Viannia) guyanensis and
Lu. olmeca nociva and Lu. flaviscutellata, which are
involved in the transmission of Leishmania (Leishma-
nia) amazonensis (Arias & Freitas 1977, 1978, Lainson
& Shaw 1983, Freitas et al. 2002). Similar results with
a predominance of Lu. umbratilis in an area of primary
forest land using CDC light traps were obtained by Arias
and Freitas (1982), Lainson (1983), Dias-Lima et al.
(2003), Feitosa and Castellon (2006), Gomes et al. (20009,
2010), Nery et al. (2010) and Soares (2012).

Species such as Lu. squamiventris squamiventris,
Lutzomyia davisi, Lutzomyia ayrozai and Lutzomyia
paraensis, even though they have a restricted distribu-
tion in wild areas and are rarely found in domestic en-
vironments (Carvalho et al. 2006), cannot be discarded
as potential sources of the emergence of leishmaniasis
cases from human contact with these species in the area
study, as these species display zoophilic behaviour and
bite humans in the forest (Castellon 2009). This possibil-
ity may be supported by the recent finding of Lu. davisi
naturally infected with Le. (V) braziliensis in the Serra
dos Carajas (state of Pard), a place where this species
may also be involved in the transmission of ACL in the
Brazilian Amazon (Souza et al. 2010).

The number of captured specimens varied among
the base areas, with a higher incidence of individuals
and species richness recorded in BI1 and BIBR and the
lowest in BI4 (Fig. 2, Table). This distribution can be
explained by the geographic location of the study areas
(Fig. 1). BI1 and BIBR are located near the AM-010 high-
way (BI1) and are thus closer to residences where waste
accumulation caused by local residents was observed,
attracting large numbers of synanthropic animals, such
as opossums and rodents. These synanthropic animals
have great epidemiologic importance because they are
reservoirs of Leishmania, with the opossum Didelphis
marsupialis regarded as a reservoir for Le. (V) guya-
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nensis and the rodents Oryzomys sp. and Proechymis sp.
as reservoir hosts of Le. (L.) amazonensis (Arias & Naiff
1981, Lainson & Shaw 1983).

The highest rates of species diversity were found in
BI2, followed by BI3 and the highest rates of equitabil-
ity were found for BI3, followed by BI2 (Fig. 2). Despite
having a lower richness index than BIl, BI4 revealed
higher levels of diversity and equitability. According to
Young and Arias (1992), the greatest diversity of species
in the genus Lutzomyia is found in the forests in low-
latitude areas of Central America and South America,
where 1 ha of forest can contain up to 50 species.

These results can be associated with the topography
of the BI4 area, which is located in a lowland area. Ac-
cording to Waite (2000), species richness is simply the
number of species that are present. Equitability refers
to the relative abundance of each species. In a commu-
nity with high diversity and equitability, the majority of
species that exist have similar levels of abundance and
therefore, a clearly dominant species does not occur.

The results presented for BI1, with low diversity and
equitability associated with a high abundance index,
showed a clear species dominance by Lu. umbratilis, Lu.
ruii and Lu. anduzei.

—
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Fig. 2: richness index (S), Shannon-Wiener diversity index (H’) and
Shannon-Wiener index of species richness (J) of sandfly species cap-
tured at five military bases of instruction (BI) [Marechal Rondon
(BI1), Lobo D’Almada (BI2), Placido de Castro (BI3), Pedro Teixeira
(BI4) and Boina Rajada (BIBR)] in the state of Amazonas, Brazil,
during March 2002-February 2003.
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Fig. 3: total number of specimens of sandflies captured in military
reserve in the state of Amazonas, Brazil, during March 2002-Feb-
ruary 2003.

The distribution of sandfly specimens in different
ecotypes showed a higher occurrence in the environ-
ment than in the plateau, hillside and lowland for the
total prevalence of Lu. umbratilis in the three ecotypes
analysed. Ready et al. (1983, 1985) and Barrett et al.
(1991) showed that populations of Lu. umbratilis are
more widely distributed in areas with a high topographic
elevation (plateau) that contain large trees with diam-
eters greater than 1 m. Sandflies can be seen resting on
the bases of these trees during the day.

In the MR, these characteristics are compatible with
the local vegetation of BIBR, BI1 and BI2, which rein-
forces the suspicion that some outbreaks emerged in BIl
and BIBR in the 1980s, where many trainees become in-
fected with Leishmania (CIGS, Department of Doctrine
and Research, unpublished observations).

Chaniotis et al. (1971) observed that in tropical re-
gions, the soil and tree canopy can be viewed as different
habitats with different physical and biological compo-
nents. The canopy is the primary site of flowering and
fruiting, which attracts and harbours many vertebrates,
such as primates and sloths, which serve as food sources
for the sandflies.

The climate in the tree canopy is different from that
at the ground level, i.c., there are differences in the mi-
croclimate (e.g., temperature, relative humidity, light
intensity, air movement and CO, levels). The lowland
ecotope exhibited a lower occurrence of captured indi-
viduals. This type of environment is found at BI4, which
has cycles of ebb and downstream, flooded areas, for-
ests and understory. This type of environment may not
provide the largest gatherings of sandflies as their food
sources migrate to other areas during periods of flood-
ing, helping to reduce the population of sandflies.

The constant presence and abundance of Lu. umbrati-
lis (SISA = 1.0) at all BIS is a reason for concern about the
possibility of outbreaks of ACL in these military areas, as
this species is the main vector of the disease in AM.

The sex ratio was higher for females than males in all
areas of the bases for the three ecotopes analysed. This
difference is remarkable because the females are the sex
that bites, requiring blood to mature their eggs. Conse-
quently, the females are responsible for the transmission
of the parasites to humans.

1.400
1.200
1.000
0.800
0.600 -
0.400
0.200
0.000

H and J

Plateau Hillside Lowland

Ecotope

Fig. 4: richness index (S), Shannon-Wiener diversity index (H’) and
Shannon-Wiener index of species richness (J) of sandfly species cap-
tured at five bases of instruction (Marechal Rondon, Lobo D’Almada,
Placido de Castro, Pedro Teixeira and Boina Rajada] in the state of Ama-
zonas, Brazil, in different ecotopes, during March 2002-February 2003.
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On-going surveys of the sandfly insect fauna are
important to increase our knowledge of the areas where
these insects occur, as the comprehension of the popula-
tion dynamics of this group might be an important factor
for the implementation of policies for the epidemiologi-
cal control of leishmaniasis.
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