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Sand fly behavior: much more than weak-flying

Gabriel Barbosa Tonelli, Camila Binder, Carina Margonari, José Dilermando Andrade Filho/*

Fundacao Oswaldo Cruz-Fiocruz, Instituto René Rachou, Grupo de Estudos em Leishmanioses, Belo Horizonte, MG, Brasil

BACKGROUND Leishmaniases are diseases transmitted by some species of sand flies and are widely distributed throughout the
tropical regions of the planet. Despite the low mobility of these vectors, the geographical distributions of some species are quite
extensive, which hinders control and surveillance measures in endemic areas.

OBJECTIVES The present study investigated the flying capacity of sand flies.

METHODS Four Hoover Penido (HP)-type light traps were positioned in the centre of the Velhas’ River, about 80 metres
equidistant from each other. We also realised capture/release/recapture attempts to assess possible capacity of phlebotomine fly
uninterrupted up to 150 metres. Captured sand flies from one side of the river were marked using fluorescent powder (Luminous
Paint kit, Bioquip®) and released on the other side, approximately 150 m distant. Recapture attempts were made on river’s bank
up to 30 days post-release.

FINDINGS Six sand flies of the species Nyssomyia neivai (n = 4), Ny. intermedia (n = 1) and Evandromyia lenti (n = 1) were
captured in the centre of the river. There were no recaptures of the 1,450 marked-and-released sand flies.

MAIN CONCLUSIONS The results obtained disagree with data found in the literature regarding the flight capacity of sand fly

vectors of leishmaniasis.
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Phlebotomine insects are vectors of viruses, bacteria
and protozoa, with the protozoan genus Leishmania be-
ing the main pathogen carried by this group of insects.
Sand flies are most abundant in the Neotropical Region,
where they have greater species richness and densities
that fluctuate according to climatic season,? with ap-
proximately 40 species being involved in the transmis-
sion of the Leishmania parasite.>y

Ecologically, sand flies are known to be poor fly-
ers,® traveling by jumping flights.®) Poché et al.©© dem-
onstrated that Phlebotomus argentipes disperse among
palm tree canopies, suggesting that some species of sand
flies may use treetops as shelter and disperse through
these microhabitats. Despite their limited mobility, sev-
eral species of sand flies have broad geographical dis-
tributions, including Lutzomyia longipalpis, the main
species involved in the epidemiology of visceral leish-
maniasis.”® The broad distributions of sand flies, com-
bined with different aspects of leishmaniasis epidemiol-
ogy, has hampered control and surveillance measures
in endemic areas, resulting in significant increases in
cases of this disease.

Sand flies are known to disperse in urban areas, up
to a few kilometres when looking for food and a few
metres when not looking for food,” yet there remains
a knowledge gap regarding their ecology as it relates to
their dispersion and flight capacity.'” Areas with natu-
ral geographical barriers that hinder the dispersion of
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sand flies, such as rivers, would be ideal places to carry-
ing out these types of studies because, using appropriate
methodologies, they would allow assessing and measur-
ing the flight capacity of these insects.

Although sand flies are known to make short jump-
ing-flights, we believe, based on the broad distributions
of these insects throughout the world, that these dipter-
ans can perform longer, uninterrupted flights than re-
ported, wind aided or not. Therefore, we tested the null
hypothesis (HO) that sand flies jump-fly for a few metres
a time, as described in the literature; with the alternative
hypothesis (H1) being that sand flies can fly continually
over longer distances (Fig. 1).

Testing the flight capacity of sand flies will contribute
to knowledge about their ecology and distribution, allow-
ing inferences to be made about the distribution of leish-
maniasis and improvements to vector control actions.

MATERIALS AND METHODS

Study area - The study took place on the banks of the
Velhas’ River in the municipality of Lassance, located in
the Northern Region of the State of Minas Gerais, Brazil
(17° 53’ 137 S, 44° 34’ 40” W) (Fig. 2). The municipality
encompasses 3.214 km? and has 6.554 human inhabitants.

The area of the Velhas’ River was chosen because it
acts as a possible geographical barrier to sand fly disper-
sion and, thus, allows testing the proposed hypotheses.
The river has several long and straight stretches in its
course. Its greatest depth less than 15 metres and the dis-
tance between its banks in the study area reaches 180 m.

Flight capacity - The stretch of Velhas’ River select-
ed to attempt to capture sand flies by flight intervention
is more than 500 metres in length, with minimal curva-
ture in its course, and 180 metres wide, allowing for the
distribution of traps in a homogeneous way (Fig. 3).
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A support was developed to float traps in the aquatic
environment of the river (Fig. 4). The supports were an-
chored with a rope tied to a heavy object (e.g., solid iron
strips). Three collections were carried out, one in each of
the months of May 2017, January 2018 and July 2018, with
a sampling effort of three consecutive days per collection,
totalising 72 h of sampling effort per month of collection.

With the aid of a boat, four Hoover Penido (HP)-type
light traps were placed approximately 80 metres apart in
the centre of the river and one on each bank simultane-
ously (Fig. 5). To avoid false positive results, the traps
were taken disassembled till the sample point at the cen-
tre of the river and set up before the sundown.

The position of traps and their distance from the banks
of the Velhas’ River were measured using GPS (Garmin®).
An anemometre and records from the Windy® application
were used to measure wind intensity and direction during
collection periods and to determine possible influences,
or not, on the flying capacity of sand flies.

Storage validation of the phlebotomine marked - A
50 mL Falcon® tube containing a mixture of 20% glyc-
erine in alcohol was used in each light trap as a container
for recaptured sand flies. The possible dilution of the
fluorescent powder on captured marked insects and the
contamination of unmarked insects by marked insects
was tested for six months using three containers with
20% glycerine in alcohol. One tube received 10 marked

Fig. 1: hypotheses to be tested regarding the flying ability of
sand flies. Null hypothesis (HO): sand flies fly by making
short jump-flights. Alternative hypothesis (H1): sand flies can
make continuous long flights.

sand flies, another received eight marked and four un-
marked sand flies, and the third received eight marked
and 15 unmarked sand flies.

Capture, marking, release and recapture - The ca-
pacity of sand flies to carry out flights greater than
100 m in a continuously way was analysed at a location
with high potential for the presence of sand flies and
proximity to the riverbank. The selected location was
Pousada Tia Maria, on the left riverbank, where a hen
house, dogs and fruit trees were present, along with in-
frastructure for carrying out the investigation such as
boats and dorms (Fig. 6).

Collections were carried out from August 2020 to
March 2021. Sand flies were captured at the hen house,
on the left bank of the river, using three HP-type light
traps along and active capture using Shannon trap per
one night. The captured insects were stored alive in a
breeding pot kept in a thermal box and fed with sugary
solution. The insects were marked inside the breeding
pots with fluorescent powder (Luminous Paint kit, Bio-
quip®), with the aid of a pear-shaped plastic sprayer. Dif-
ferent powder colours were used for the different months
(red, yellow and blue). After marking, the insects were
released on the right bank (release side) of the river and
recapture traps were placed on left bank, inside the hen
house and its’ surroundings (recapture side) (Fig. 7). Re-
captures were performed for 48 h after release and 15
and 30 days after the first collection.

Investigation of marked insects, preparation and
identification of the insects collected during the exper-
iments of capture-marking-release-recapture - Cap-
tured insects were kept in the collecting tube with 20%
glycerine alcohol mixture while insects collected dur-
ing the flight capacity analysis were sacrificed in ether
vapor and placed in a 50 mL Falcon tube containing
70° alcohol. After transport to the laboratory, the sand
flies were analysed under a stereomicroscope using an
ultraviolet light to observe the presence or absence of
fluorescent marking. The flies were subsequently pre-
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Fig. 2: location of the municipality of Lassance in the State of Minas Gerais, Brazil.



Fig. 3: stretch of Velhas’ River selected for the distribution of
automatic Hoover Penido (HP) light traps for attempted flight
interception.

Fig. 4: support developed to capture flying sand flies in an
aquatic environment: (a) air chamber; (b) wooden plate (110
cm x 90 cm); (¢) trap support wire; and (d) Hoover Penido (HP)
light trap.

River flow
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pared, mounted in Berlese solution between a slide and
cover slip. The flies were identified following the clas-
sification of Galati.1?

RESULTS

Flight capacity - The wind during the sampling
period acted predominantly in a North-West direction
with an average speed of 0.8 km/h (max.: 1.2 km/h and
min.: 0.0 km/h) with gusts of 12.3 km/h throughout the
day. January 2018 had the highest wind intensity (av 1.2
km/h), followed by July 2018 (av 0.7 km/h) and then May
2017 (av 0.6 km/h). The average maximum temperature
during the sampling period was 26.6°C while the aver-
age minimum temperature was 17°C. The moon was in
the waning crescent phase during the first sampling pe-
riod and in the new phase (Table I) during the others.
There was no rainfall during the sampling period.

A total of 804 specimens were captured during the
first attempt of the flight capacity analysis. The right
bank had greater sampling success (65.7%) than the left
bank (33.6%). The most abundant species were Nys-
somyia neivai (63.43%) and Ny. intermedia (22.64%).
Six specimens of three species were captured in the cen-
tre of the river, Ny. neivai (n = 4) followed by Evandro-
myia lenti and Ny. intermedia (n = 1 for both) (Table II).
All specimens of Ny. neivai and Ev. lenti observed in
centre of the river, were captured at point 1 in May 2017
while the specimen of Ny. intermedia was captured at
point 4 in January 2018. The collection of July 2018 was
not successful at sampling any flies in the centre of the
river. Of all the sand flies captured in centre of the river,
four (66.6%) were females and two (33.4%) were males.

Fig. 5: distribution of traps at the place of capture. (A) Trap installed in a sampling point in the central area of the Velhas’ River.
(B) Place of distribution of the traps in the central region of Velhas’ River (1-4), on the right bank (RB) and left bank (LB), red

arrow indicates the direction of river flow.
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Storage validation in 20% glycerine alcohol solution
of the marked and unmarked sand flies - The recapture
methodology proved to be viable for the present study.
No contamination was observed between marked and
unmarked sand flies in recapture solution during the
six-month period. There was also no dilution of the fluo-
rescent powder in the recapture solution.

Capture, mark, release and recapture - Approxi-
mately 1,450 sand flies were captured by the Shannon and
HP light traps, which were marked and released on the

Fig. 6: overview of “Pousada Tia Maria” on left bank of the
Velhas’ River. Red circle indicates the hen house where sand
flies were captured.

O Capture point

Releasement point

. Recapture points

right bank during August 2020 (= 500), December 2020
(= 630), February 2021 (= 200) and March 2021 (= 120)
(Table III).

The wind had a mild intensity during the recapture
period, reaching an average of 0.9 km/h and acting in a
North-West direction. A total of 1,029 sand flies were
captured during the recapture attempts, but none were
marked. The most abundant species during this study
were Ny. intermedia (70.79%) and Ny. neivai (25.32%)
and the most successful sampling site was the hen house
and its surroundings (Table IV).

DISCUSSION

Studies that emphasise the flying ability of sand
flies are scarce in the literature. Some mark-and-re-
capture analyses of dipterans in endemic areas have
provided knowledge regarding the dispersion of these
insects and the epidemiological implications of the
distribution of medically important species, and there-
fore, of leishmaniasis."'? From this perspective, our
in-situ analysis of non-marked sand fly flight, using an
adapted support for light traps in an aquatic geographic
barrier that prevents landing and rest by these insects
during flight, is pioneering.

The applied methodology proved to be useful for
measuring the capacity of sand flies to fly across a river
as a geographical barrier. The light-trap support created
here allows trapping sand flies over aquatic environ-
ments and can be used in wildlife studies on other flying
insect groups, including those of medical importance.

1. CNES / Airbus

Fig. 7: design of capture, mark, release and recapture analysis of sand fly flight capacity. Red circle represents the point of cap-
ture at the hen house. The yellow dot, located on right bank, 130 metres away from left riverbank, represents the point of release
of marked sand flies. Red dots represent the locations of traps for attempted recapture of marked and released insects.
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TABLE I
Wind, temperature and Moon period during the sampling period for flight capacity analysis
in Velhas’ River, Lassance, Minas Gerais, Brazil

Sampling period Average Wind (gusts) Wind direction Average temperature (°C) Moon

0.6 k m/h max: 27° (D)
May 2017 (12 km/h) Northwest min: 17° Waning crescent

1.2 km/h max: 27° o
January 2018 (14 km/h) Northwest min: 19° New

0.7 km/h max: 26° [
July 2018 (11 km/h) Northwest min: 15° New
Data collected by anemometer (wind-gage) and Windy: wind and weather forecast app® data.

TABLE 11
Species of sand flies collected per sampling point during flight capacity analysis
on the Velhas’ River, Lassance, Minas Gerais, Brazil

Species/Sampling point 1 2 3 4 RB LB TOTAL
Brumptomyia sp. 0 0 0 0 0 1 1
Cortelezzii complex 0 0 0 0 2 7
Evandromyia evandroi 0 0 0 0 0 3
Evandromyia lenti 1 0 0 0 6 4 11
Evandromyia sallesi 0 0 0 0 21 36 57
Evandromyia teratodes 0 0 0 0 1 0 1
Evandromyia termitophila 0 0 0 0 1 1
Evandromyia walkeri 0 0 0 0 25 27
Lutzomyia longipalpis 0 0 0 0 0 1 1
Nyssomyia intermedia 0 0 0 1 151 30 182
Nyssomyia neivai 4 0 0 0 314 192 510
Pintomyia misionensis 0 0 0 0 1 0 1
Sciopemyia sordellii 0 0 0 0 0 2 2
TOTAL 5 0 0 1 528 270 804

Attempts carried out in May 2017, January 2018 and July 2018. 1-4 represent the sample points among the centre of the river. RB:

right bank; LB: left bank.

During one of our attempts, a high density of organic
material was seen floating down the river, which be-
came anchored to one of the supports causing the entire
structure to sink. Therefore, as much as the support was
useful, it can benefit from adaptations for similar future
studies. We were, however, able reject the hypothesis of
contamination of the capture tubes since the traps were
disassembled, disconnected from the capture point and
transported away at times of high solar incidence, which
is unviable for the presence of sand flies.

Considering the estimated flight speed of 2.34 - 2.52
km/h for sand flies, as proposed by Killick-Kendrick et
al., "V the success of the six individuals captured in the
centre of the Velhas’ River becomes plausible when con-
sidering that the minimum and maximum wind speed
during the capture period was lower than these flight
speeds. From the same perspective, winds with higher

intensity than the flight speeds reported by Killick-Ken-
drick et al."V could have a negative effect on sand fly
flight by preventing, rather than assisting, their disper-
sion flight. The wind during the study acted predomi-
nantly in a North-West direction — from the right bank
to the left bank. Thus, if there was positive wind inter-
ference, we believe that the sand flies captured in the
centre of the river would have originated from the right
bank. Still, we believe that, under the influence of strong
winds, insects would not be able to be carried in the di-
rection of the light traps and interrupt their “forced”
flight to the point of being captured.
Colacicco-Mayhugh et al.'® also reported greater
success sampling sand flies during periods of low winds
when measuring interference by wind in the capture of
insects. These authors also point out that high lunar il-
lumination can negatively influence sampling of sand
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TABLE III

Capture, release and recapture of sand flies on Velhas’ River, Lassance, Minas Gerais, Brazil, carried out in August 2020,
December 2020, February 2021 and March 2021

Sampling period

2020

2021

August

December

February March

Number of sand flies marked =500

=630
and released (capture method) (Shannon trap) (Shannon and HP light trap)
Number sand flies recaptured - -

=200 =120
(Shannon and HP light trap) (HP light trap)

HP: Hoover Penido.

TABLE IV

Marked and non-marked sand flies captured during the recapture period on left bank of Velhas’ River,
Lassance, Minas Gerais, Brazil, on the riverbank, hen house and its surroundings

Riverbank Hen house Hen house surroundings Marked sand flies
? 3 ? 3 ? 3 TOTAL
Ny. intermedia 24 14 182 332 94 81 - 727
Ny. neivai 34 84 11 48 24 59 - 260
Ny. whitmani - - - - 1 - - 1
Lu. longipalpis - - 2 18 1 1 - 22
Ev. sallesi - 1 - - - 1 - 2
Mi. quinquefer - - 1 - - - - 1
Mg. migonei - - 1 - - - - 1
Ev. temithophila - - - - 1 - - 1
Pa. limai - - 2 1 - - - 3
Cortelezzii complex - - 3 - 4 - - 7
Brumptomyia sp. - 1 - - - 3 - 4
TOTAL 58 100 202 399 125 145 0 1029

flies and generate a false indication of decreased activ-
ity of these insects, especially during periods of harvest
moon. We did not observe any possible interference in
the capture of sand flies in relation to lunar illumination
since great abundances of various insects were found at
the sampling points, although we did not capture during
periods of harvest moon.

The area chosen for analysing sand fly flight by in-
terception was very useful since it presented all the nec-
essary characteristics already reported in planning the
study, including easy access for installation and monitor-
ing of traps. Saraiva et al.'*!> made sand fly captures on
the banks of the Velhas’ River near our study area and
found a local abundance and diversity of sand flies. Except
for Evandromyia teratodes, all species found in the pres-
ent study were also mentioned by Saraiva et al.¥ Further
corroborating these authors results, the species with the
highest density in the same region were Ny. neivai and Ny.
intermedia, which were also more abundant on right bank
than on the left. The greater abundance of individuals for
the right bank may be a reflection of a richer ecosystem

or lesser human interference. A reversal of abundance
was observed among Ny. intermedia and Ny neivai when
observing the sampling site. It is noted that Ny. neivai is
most abundant on the right bank. This fact may explain
the dominance of Ny. intermedia species in the mark-
ing and release captures carried out on the left margin.
Furthermore, the factors that influence the greater domi-
nance of sand fly species in specific locations need to be
better elucidated in a nearly future.

The recapture methodology of using a 50 mL falcon
tube with a 20% glycerine alcohol mixture coupled to
the HP light trap proved to be useful. This methodol-
ogy causes less damage to captured specimens, main-
tains their morphological structures, and dispenses ex-
cessive handling.

Mark-recapture studies are quite laborious and re-
quire great attention and care in handling specimens to
avoid damage and stress, thus increasing the chances of
recapture. Perfilev® discusses the flight range of sand
flies by determining that they fly no more than 10 metres
away based on studies of the release of marked insects



in water bodies waiting to be captured on screen oiled
paper at the nearest shore. However, this study does not
discuss possible stress submitted to insects between the
moments of capture - marking method - release. Still, it
was not considered that sand flies could have greater at-
traction and greater stimulus to disperse using light traps
for recapture. Here, success was not achieved in recap-
turing marked-and-released sand flies.

Another factor that may have been responsible for
the lack of recaptures is the low number of insects that
were marked-and-released each month. The release of a
large number of marked individuals is necessary in such
studies to even get a very low rate of recapture. Casa-
nova et al.!? obtained a recapture rate of 16.2% for 6,502
marked-and-released sand flies, while Morrison et al.(®
obtained a recapture rate of 5.5% for 3,747.

It is believed that many marked-and-released sand
flies suffer from stress and die moments after release.
Still, those that survive can find food sources on the spot
and, thus, there is competition between local food sources
and recapture traps, which reduces the chances of suc-
cess. This corroborates with Galati et al.'” who discuss
that some natural behaviour of adult sand flies such as
displacement for colonisation, search for animal hosts
or substrates for interbreeding and their quest for resting
and breeding places may explain the low recapture rate
in mark-release-recapture studies. Poché et al.© demon-
strated that Phlebotomus argentipes disperse among palm
tree canopies, suggesting that some species of sand flies
may use treetops as shelter and interbreeding and disperse
through these microhabitats. These authors also demon-
strate the behavioural difference of flights between some-
species of Sergentomyia genus flew towards the canopy
in a hopping way while P. argentipes flew continuously
towards the treetops. This shows that different species of
sand flies may perform different forms of flight and spe-
cific studies should be conducted to observe the possible
behavioural variables among sand fly species.

Other marking methods for insects have been studied
and can reduce the stress of handling, such as spraying
a mixture of sugary solution with coloured dye in veg-
etation where sand flies feed. Orshan et al."® used this
methodology and acquired some information about sand
fly dispersion in a rural area. Nonetheless, this method
would have been impracticable in other regions, such as
Brazil, due to the great diversity of vegetation and the lack
of knowledge about sand fly food preferences in relation
to flora. Further studies are needed to clarify the relation-
ship between flora and sand flies from the perspective of
food options, resting sites, breeding sites and dispersion.

Casanova et al.!'? reported a capacity for long-dis-
tance dispersion by Ny. neivai in rural areas and that the
females cover greater distances than males. In our study,
this species, together with Ny. intermedia and Ev. lenti,
were captured at a distance of 90 metres from the river-
bank, suggesting that these sand flies flew continually
over this distance. It has been proposed that females can
travel greater distances than males when searching for
food sources, as reviewed by Ready,” which may ex-
plain the higher proportion of females than males cap-
tured in the traps located in the centre of the river.
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Previous studies have detected Leishmania DNA
and/or the parasite itself in all species found in the pres-
ent study except for Ev. evandroi, Ev. teratodes and Ev.
walkeri®®33 demonstrating the importance of these spe-
cies to the epidemiology of leishmaniasis. Indeed, the
most abundant species in the present study, Ny. interme-
dia and Ny. neivai, are considered medically important
species because they present vectorial capacity for the
parasite Leishmania braziliensis, which is known to cause
cutaneous leishmaniasis in South and Central America®3¥
and may be involved with the circulation of the parasite in
wild and rural areas, such as the studied region.!>

Finally, our study shows that sand flies have an am-
ple flight capacity in their natural habitat, reaching a dis-
tance greater than previously reported in the literature.
Such a finding expands knowledge about the dispersion
of these insects and can help to infer the distribution of
vector species and, therefore, the distribution of leish-
maniasis in rural and/or urban areas. Furthermore, the
present study emphasises the importance of conducting
field studies in order to obtain a greater understanding of
the ecology of pathogen-transmitting insects.

Data availability statement

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

ACKNOWLEDGEMENTS

To the city hall of Lassance, MG, and by the local health
department for the support. The authors are also grateful for
the infrastructure provided by Givanildo and also for the
Pousada Tia Maria provided by Lucas and Ivana.

AUTHORS’ CONTRIBUTION

GBT, CMS and JDAF conceived the study and designed
the study; GBT, CBSS, CMS and JDAF performed and su-
pervisioned field surveys and data collection; GBT performed
data analysis and wrote the first draft of the manuscript. All
authors reviewed and approved the final manuscript. The au-
thors declare no conflict of interest.

REFERENCES

1. Akhoundi M, Kuhls K, Cannet A, Votypka J, Marty P, Delaunay
P, et al. A historical overview of the classification, evolution, and
dispersion of Leishmania parasites and sandflies. PLoS Negl Trop
Dis. 2016; 10: €0004349.

2. Brazil RP, Rodrigues AAF, Andrade Filho JD. Sand fly vectors
of Leishmania in the Americas - a mini review. Entomol Ornithol
Herpetol. 2015; 4: 144.

3. Shimabukuro PHF, Andrade AJ, Galati EAB. Checklist of Ameri-
can sand flies (Diptera,Psychodidae, Phlebotominae): genera,
species, and their distribution. ZooKeys. 2017; 660: 67-106.

4. Perfilev PP. Fauna of the USSR Diptera, Phlebotomidae (Sand-
flies). Vol. I1I, No. 2. Academy Science USSR, new series, No. 92.
English translation from Russian (Israel Program for Scientific
Translation), Jerusalem; 363 pp.

5. Killick-Kendrick R. Phlebotomine vectors of the leishmaniases: a
review. 1990; Med Vet Entomol. 1990; 4: 1-24.

6. Poché RM, Garlapari R, Elaniem DEA, Perry D, Poché D. The role
of Palmyra palm trees (Borassus flabellifer) and sand fly distribu-
tion in northeastern India. J Vector Ecol. 2012; 37: 148-53.



8|8 Gabriel Barbosa Tonelli et al.

7. Souza GD, Santos E, Andrade Filho JD. The first report of the
main vector of visceral leishmaniasis in America, Lutzomyia lon-
gipalpis (Lutz & Neiva) (Diptera: Psychodidae: Phlebotominae),
in the state of Rio Grande do Sul, Brazil. Mem Inst Oswaldo Cruz.
2009; 104: 1181-2.

8. Santos DR, Ferreira AC, Bisetto Junior. The first record of Lut-
zomyia longipalpis (Lutz & Neiva, 1912) (Diptera: Psychodidae:
Phlebotominae) in the State of Parand, Brazil. Rev Soc Bras Med
Trop. 2012; 45: 643-5.

9. Ready PD. Biology of phlebotomine sand flies as vectors of dis-
ease agents. Annu Rev Entomol. 2013; 58: 227-50.

10. Galati EAB. Phlebotominae (Diptera, Psychodidae): classifica-
tion, morphology and terminology of adults and identification
of American taxa. In: Rangel E, Shaw J, editors. Brazilian Sand
Flies. Cham: Springer; 2018. p. 9-212.

1

—_

. Killick-Kendrick R, Wilkes TJ, Bailly M, Bailly I, Righton LA.
Preliminary field observations on the flight speed of a phleboto-
mine sandfly. Trans R Soc Trop Med Hyg. 1986; 80: 138-42.

12. Casanova C, Costa AIP, Natal D. Dispersal pattern of the sand
fly Lutzomyia neivai (Diptera: Psychodidae) in a cutaneous leish-
maniasis endemic rural area in Southeastern Brazil. Mem Inst Os-
waldo Cruz. 2005; 100: 719-24.

13. Colacicco-Mayhugh MG, Grieco JP, Putnam JL, Burkett DA,
Coleman RE. Impact of Phlebotomine sand flies on United States
military operations at Tallil Air Base, Iraq: 5. Impact of weather
on sand fly activity. ] Med Entomol. 2011; 48: 538-45.

14. Saraiva L, Carvalho GML, Sanguinette CC, Cavalho DAA, Falcao
AL, Andrade Filho JD. Sandflies (Diptera: Psychodidae: Phlebo-
tominae) collected on the banks of the Velhas River in the state of
Minas Gerais, Brazil. Mem Inst Oswaldo Cruz. 2008; 103: 843-6.

15. Saraiva L, Carvalho GML, Sanguinette CC, Cavalho DAA, An-
drade Filho JD. Biogeographical aspects of the occurrence of Nys-
somyia neivai and Nyssomyia intermedia (Diptera: Psychodidae)
in a sympatric area of the Brazilian savannah. Mem Inst Oswaldo
Cruz. 2012; 107: 867-72.

16. Morrison AC, Ferro C, Morales A, Tesh RB, Wilson ML. Disper-
sal of the sand fly Lutzomyia longipalpis (Diptera: Psychodidae)
at an endemic focus of visceral leishmaniasis in Colombia. J] Med
Entomol. 1993; 30: 427-35.

17. Galati EAB, Fonseca MB, Marassa AM, Bueno EFM. Dispersal
and survival of Nyssomyia intermedia and Nyssomyia neivai (Dip-
tera: Psychodidae: Phlebotominae) in a cutaneous leishmaniasis en-
demic area of the speleological province of the Ribeira Valley, state
of Sdo Paulo, Brazil. Mem Inst Oswaldo Cruz. 2009; 104: 1148-58.

18. Orshan L, Elbaz S, Ben-Ari Y, Akad F, Afik O, Ben-Avi I, et al.
Distribution and dispersal of Phlebotomus papatasi (Diptera: Psy-
chodidae) in a zoonotic cutaneous leishmaniasis focus, the North-
ern Negev, Israel. PLoS Negl Trop Dis. 2016; 10: e0004819.

19. Ryan L, Silveira FT, Lainson R, Shaw JJ. Leishmanial infections
in Lutzomyia longipalpis and Lu. antunesi (Diptera: Psychodidae)
on the Island of Marajo, Para State, Brazil. Trans R Soc Trop Med
Hyg. 1984; 78: 547-8.

20.Lainson R, Shaw JJ, Ryan L, Ribeiro RSM, Silveira FT. Leish-
maniasis in Brazil. XXI. Visceral leishmaniasis in the Amazon
Region and further observations on the role of Lutzomyia longi-
palpis (Lutz & Neiva, 1912) as the vector. Trans R Soc Trop Med
Hyg. 1985; 79: 223-6.

21. Gontijo CMF, Silva ES, Fuccio MB, Sousa MCA, Pacheco RS,

Dias ES, et al. Epidemiological studies of an outbreak of cutane-
ous leishmaniasis in the Rio Jequitinhonha Valley, Minas Gerais,
Brazil. Acta Trop. 2002; 81: 143-50.

22.Pita-Pereira D, Alves CR, Souza MB, Brazil RP, Bertho AL,
Barbosa AF, et al. Identification of naturally infected Lutzomyia
intermedia and Lutzomyia migonei with Leishmania (Viannia)
braziliensis in Rio de Janeiro (Brazil) revealed by a PCR multi-
plex non-isotopic hybridisation assay. Trans R Soc Trop Med Hyg.
2005; 99: 905-13.

23.Marcondes CB, Bittencourt 1A, Stoco PH, Eger I, Grisard EC,
Steindel M. Natural infection of Nyssomyia neivai (Pinto, 1926)
(Diptera: Psychodidae, Phlebotominae) by Leishmania (Viannia)
spp. in Brazil. Trans R Soc Trop Med Hyg. 2009; 103: 1093-7.

24, Saraiva L, Carvalho GML, Gontijo CMF, Quaresma PF, Lima AC-
VMR, Falcdo AL, et al. Natural infection of Lutzomyia neivai and
Lutzomyia sallesi (Diptera: Psychodidae) by Leishmania infantum
chagasi in Brazil. ] Med Entomol. 2009; 46: 1159-63.

25.Paiva BR, Oliveira AG, Dorval MEMC, Galati EAB, Malafron-
te RS. Species-specific identification of Leishmania in naturally
infected sand flies captured in Mato Grosso do Sul State, Brazil.
Acta Trop. 2010; 115: 126-30.

26.Rocha LS, Falqueto A, Santos CB, Ferreira AL, Graca GC,
Grimaldi Jr G, Cupolillo E. Survey of natural infection by Leish-
mania in sand fly species collected in southeastern Brazil. Trans
R Soc Trop Med Hyg. 2010; 104: 461-6.

27. Saraiva L, Andrade Filho JD, Silva SO, Andrade ASR, Melo
MN. The molecular detection of different Leishmania species
within sand flies from a cutaneous and visceral leishmaniasis
sympatric area in Southeastern Brazil. Mem Inst Oswaldo Cruz.
2010: 105: 1033-9.

28.Souza CM, Soares RPP, Andrade Filho JD, Xavier DC, Saraiva L,
Fonseca AL, et al. Phlebotomine sand flies (Diptera: Psychodidae)
and Leishmania infection in Gafanhoto Park, Divindpolis, Brazil.
J Med Entomol. 2010; 47: 1212-9.

29. Brazil RP. The dispersion of Lutzomyia longipalpis in urban areas.
Rev Soc Bras Med Trop. 2013; 46: 263-4.

30. Oliveira AG, Galati EA, Fernandes CE, Dorval ME, Brazil RP.
Ecological aspects of phlebotomines (Diptera: Psychodidae) in
endemic area of visceral leishmaniasis, Campo Grande, State of
Mato Grosso do Sul, Brazil. ] Med Entomol. 2012; 49: 43-50.

3

—_

. Lana RS, Michalsky EM, Fortes-Dias CL, Franga-Silva JC, La-
ra-Silva DO, Lima ACVMR, et al. Phlebotomine sand fly fauna
and Leishmania infection in the vicinity of the Serra do Cipo
National Park, a natural Brazilian heritage site. Biomed Res Int.
2015; 215: 385493.

32. Lara-Silva FO, Michalsky EM, Fortes-Dias CL, Fiuza VOP, Pessa-
nha JEM, Regina-Silva S, et al. Epidemiological aspects of vector,
parasite, and domestic reservoir in areas of recent transmission
and no reported human cases of visceral leishmaniasis in Brazil.
Acta Trop. 2015; 148: 128-36.

33.Régo FD, Rugani JMN, Shimabukuro PHF, Tonelli GB, Qua-
resma PF, Gontijo CMF. Molecular detection of Leishmania in
Phlebotomine sand flies (Diptera: Psychodidae) from a cutaneous
leishmaniasis focus at Xakriaba Indigenous Reserve, Brazil. PLoS
One. 2015; 10: e0122038.

34. Andrade Filho JD, Galati EAB, Falcao AL. Nyssomyia interme-
dia (Lutz & Neiva, 1912) and Nyssomyia neivai (Pinto, 1926)
(Diptera: Psychodidae: Phlebotominae) geographical distribu-
tion and epidemiological importance. Mem Inst Oswaldo Cruz.
2007; 102: 481-7.



