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ABSTRACT. Nyssomyia intermedia (Lutz & Neiva) and Nyssomyia neivai (Pinto) (Diptera, Psychodidae, Phlebotominae) in a
sympatric area: seasonal and nocturnal hourly rhythm in black and white modified Shannon traps. Captures with black and white
Shannon traps were undertaken to identify aspects of the behavior of the two cryptic and sympatric species implicated as vectors of
cutaneous leishmaniasis, Nyssomyia intermedia (Lutz & Neiva, 1912) and Nyssomyia neivai (Pinto, 1926). The traps were installed
side by side, monthly, from July 2001 to June 2002, from 18 to 07 hours, in a peridomicile of Iporanga municipality, state of Sao
Paulo, Brazil. A total of 2,142 specimens were captured, Ny. intermedia (47.4%) and Ny. neivai (50.5%). The white trap was more
attractive to both sexes of both species. Males of Ny. neivai predominated (70%) over those of Ny. intermedia on the two traps;
on the black trap, the females of Ny. intermedia predominated (63.3%) over those of Ny. neivai (36.7%). Seventy percent of the
specimens of both species were captured between 18 and 24 h. Females of Ny. intermedia presented the highest peak at 19-20 h,
and those of Ny. neivai at 20-21 h. The highest hourly average for females of Ny. intermedia on the black trap occurred in the winter
and that for males in the summer. For Ny. neivai, both sexes predominated in the summer. The two species probably transmit the
cutaneous leishmaniasis in the area due to their great predominance.
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RESUMO. Nyssomyia intermedia (Lutz & Neiva) e Nyssomyia neivai (Pinto) (Diptera, Psychodidae, Phlebotominae) em area
de ocorréncia simpatrica: ritmo sazonal e horario noturno em armadilhas de Shannon modificadas nas cores branca e preta.
Objetivando identificar aspectos do comportamento de duas espécies cripticas, simpatricas e implicadas na transmissdo de
leishmaniose tegumentar, Nyssomyia intermedia (Lutz & Neiva, 1912) e Nyssomyia neivai (Pinto, 1926), procederam-se capturas
com armadilhas de Shannon preta e branca, instaladas lado a lado, mensalmente, de julho/2001 a junho/2002, das 18-07 horas, em
peridomicilio no municipio de Iporanga, Estado de Sdo Paulo, Brasil. Um total de 2.142 espécimes foi capturado, Ny. intermedia
(47,4%) e Ny. neivai (50,5%). A armadilha branca foi mais atrativa para ambos os sexos das duas espécies. Machos de Ny. neivai
predominaram (70%) sobre os de Ny. intermedia nas duas armadilhas; na preta, as fémeas de Ny. intermedia predominaram (63,3%)
sobre as de Ny. neivai (36,7%); 70% dos espécimes de ambas as espécies foi capturado entre 18h e 24h. Fémeas de Ny. intermedia
apresentaram o maior pico das 19-20h e as de Ny. neivai das 20-21h. Na armadilha preta, a maior média horaria para as fémeas de
Ny. intermedia ocorreu no inverno e para os machos, no verdo; para Ny. neivai, ambos os sexos predominaram no verdo. Na branca,
ambos os sexos de ambas as espécies foram mais atraidos no verdo. A alta predominancia de ambas as espécies sugere que estejam
atuando na transmissdo da leishmaniose cutanea na area.

PALAVRAS-CHAVE. Ecologia; leishmaniose tegumentar; Vale do Ribeira, vetores.

Nyssomyia intermedia (Lutz & Neiva, 1912) and Ny.
neivai (Pinto, 1926) are morphologically very similar
(Andrade-Filho ef al. 2006), so much so that Ny. neivai has
been proposed as a junior synonym of Ny. intermedia by Dyar
(1929) and Pinto (1930), a status which was maintained until
their differentiation based on morphological and molecular
approaches was proposed by Marcondes (1996). The
morphological distinction was based mainly on the appearance
of the spermathecae and the number of the horizontal teeth of

the cibarium of the females, but it was not applicable to the
male characteristics, despite the morphometric and artificial
neural network analysis undertaken (Marcondes & Borges
2000). Nonetheless, due to the great polymorphism of the
two species, the characteristics proposed by Marcondes
(1996) for the distinction of their females could not always
consistently be applied. A more convincing set of characters
for the distinction of the males and the females of the two
species has been presented by Andrade-Filho et al. (2003).
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The allopatric distribution of the two species over a vast
area has made it possible to distinguish the information
regarding each species from that concerning the other. They
are anthropophilic, Ny. neivai (Gomes et al. 1989; Pinto et
al. 2001) and Ny. intermedia (Aguiar et al. 1996; Souza et
al. 2001, 2005) have been found to be naturally infected by
trypanosomatids, and both Ny. neivai (Forattini & Santos 1952;
Forattini et al. 1972; Casanova et al. 1995; Cordoba-Lanus
et al. 2006) and Ny. intermedia (Aragdo 1922; Rangel et al.
1984; Pita-Pereira et al. 2005) are suspected of transmitting
the agents of American cutaneous leishmaniasis, mainly in
the Brazilian Southeastern and Southern regions (Rangel &
Lainson 2003).

Although some studies have been made into behavioral
aspects of these species (Forattini et al. 1976; Gomes et al.
1980, 1982, 1983, 1986, Gomes & Galati 1987; Domingos et
al. 1998; Taniguchi ef al. 2002) in areas of the Ribeira Valley
where they are sympatric (Marcondes et al. 1998; Andrade-
Filho et al. 2007), those studies were carried out before the
two species had been differentiated.

At the beginning of a project to identify the phlebotomine
fauna and some ecological aspects of its population in
the Speleological Province of the Ribeira Valley, in the
Paranapiacaba range, undertaken from January 2001 to
December 2003, in one of the localities of the Parque Estadual
do Alto Ribeira (PETAR) selected for the study, i.e. the Serra
district, Iporanga municipality, where the tourists that visit
the caves stay, it was discovered that Nyssomyia neivai
(Pinto, 1926) and Ny. intermedia (Lutz & Neiva, 1912) are
sympatric.

The Ribeira Valley region, with 1,174 cases of human
American cutaneous leishmaniasis registered between 1998
and 2006 and an annual average coefficient of 47.71/100,000
inhabitants, has one of highest incidences of cases in the
State of Sdo Paulo. For Iporanga municipality, of which the
Serra district is part, in that same period a total of 63 cases
were reported and the coefficient there was still higher
(53.14/100,000 inhabitants), two and four of the cases
reported occurring, respectively, during the years 2001 and
2002 (CVE 2007).

The information on diversity of species, relative
abundance, anthropophily and zoophily, identification of
the natural infection by the agent associated with the blood
meal at an advanced stage of digestion or infective forms in
the anterior midgut of the wild female, are all of relevance
in determining whether a particular sandfly species is a
Leishmania vector in a specific area (Feliciangeli 1987;
Killlick-Kendrick 1990), besides the knowledge of its hourly
rhythm and seasonal activity.

So the present study, containing observations on the
nocturnal activity rhythm, the seasonal variation, the respective
attractiveness of the black and white modified Shannon traps
and the natural infection by flagellates for the two species
in a peridomicile of the Serra district, was undertaken for
the purpose of identifying behavioral characteristics of
theirs which may help to understand their roles as cutaneous
leishmaniasis vectors, in a sympatric area.
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MATERIAL AND METHODS

Study area. The Serra district, 240 m a.s.l., is situated on
the banks of the Betari river in the municipality of Iporanga
(24° 217 S, 48° 20° W), state of S@o Paulo, Brazil. This
district, with about 110 dwellings (Giatti e al. 2004) situated
within a narrow strip along the road that links Iporanga and
Apiai cities, has an economy based mainly on inns catering
for tourists who visit the caves of the Santana nucleus, 4
km away. This speleological nucleus lies within the Parque
Estadual do Alto Ribeira (PETAR), an Atlantic forest reserve
on the Serra de Paranapiacaba in the Ribeira Valley region,
in the south of Sdo Paulo state. This reserve is situated in a
transitional area between the so-called “Atlantic Plateau” and
the coastal plain.

The climate is also transitional between a tropical low
altitude one and a temperate one of intermediate altitude
(Nimer 1977) and is classified as sub-tropical and highly
humid with no dry season. The annual rainfall average from
1970-1996 was 1,963.3mm, of which 681.8 mm fell in the
less intense (April —September) and 1,281.5 mm in the
more intense rainy season (October — March). A coastal,
hygrophilous, non-deciduous forest, with the highest trees
attaining 25-30 m, large numbers of lianas, epiphytes, tree
ferns and palms cover the slopes (Karmann & Ferrari 2002).

The research was undertaken in a peridomicile of a
smallholding (ca. 1/2 ha) with a dwelling in which a family
of four lived. During the whole research period there were a
hen-house and goose-shelter close to the dwelling. Near the
dwelling there were several fruit trees and, about 30 m away,
several old and very high native trees with holes in their
trunks and bromeliads on their branches and trunks. Around
this smallholding there were others of similar characteristics,
with cattle on one of them. Between these smallholdings,
located in the Betari valley, and the forested slope about 300
m away, there was an area of subsistence agriculture (beans,
manioc, maize and other crops).

For the captures of the phlebotomines, the black and white
modified Shannon light traps (Galati et al. 2001) were installed
monthly from July 2001 to June 2002, between 18.00 h and
07.00 h., side by side, with inversion of their positions for
each successive collection. The traps were installed among
fruit and native trees, 10 m from the dwelling and 40 m from
a stream tributary of the left bank of the Betari river. Two
gas lanterns (350 watts) and manual lanterns (15 ampéres,
6 volts) were used as light sources. The captures were made
on each trap at hourly intervals. When the insects were few
they were captured and maintained individually in a flask.
This was covered with a piece of nylon cloth under a plastic
lid with a hole in the middle of it. Through this hole a small
ball of cotton wool soaked in a sugar solution was introduced
and which served as a source of energy and humidity for the
insect, keeping it alive until dissection in the case of female.
When there were many insects a 6 volts electric aspirator was
used and the insects thus captured were freed into a small
cage and then the female were transferred individually to that
flask. The males were died with chloroform.
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The live insects were maintained in a styrofoam box with
a thin humid lining of plaster of Paris until the dissection
of the females for the investigation of natural infection by
flagellates could be performed. The females after being
immobilised with ethyl ether were individually transferred
to drops of saline solution on slides, dissected, covered with
a cover-glass and examined under a microscope to ascertain
the presence of flagellates and identify the sandfly. After this
dissection the slides were immersed in isopropanol in a Falcon
tube, where the specimens were maintained in pools of the
same species and date, for the investigation of Leishmania by
the PCR test of a sample captured in 2002. The PCR test was
applied in accordance with the protocol described by Paiva
et al. (2000).

The identification of the sandflies took place in the
Public Health Entomology/ Phlebotominae Laboratory of the
Faculdade de Satude Publica of the University of Sao Paulo,
in accordance with Galati’s keys (2003).

Rainfall data for the municipality of Iporanga were
obtained from the meteorological station situated in the Betari
river valley on the Serra dos Motas (Sistema de Informacdes
para o Gerenciamento de Recursos Hidricos do Estado de
Sao Paulo - SIGRH 2007) and those for temperature from the
neighboring municipality of Eldorado (Centro Integrado de
Informagdes Agrometeoroldgicas - CITAGRO 2007).

Statistical analysis. The relative attractiveness of the black
and white modified Shannon traps, by species and sex, was
assessed by the Chi-squared (%) test for absolute frequencies.
The hourly frequency and the seasonal distribution were
obtained by Williams’ geometric average (Haddow 1960).
Spearman’s correlation coefficient (SPSS for Windows,
Release 5.02 Program) was used to seek possible correlations
between the numbers of insects captured and the monthly
rainfall and temperatures (monthly average, minimum on the
capture days and absolute monthly minimum).

RESULTS

The species with their respective numbers of specimens
captured in the 12 collections undertaken with the white
and black modified Shannon traps are presented in Table 1.
A total of 2,142 specimens were collected, of which 2,097
(97.9%) belonged to the genus Nyssomyia. Pintomyia
fischeri contributed with (1.26%), Migonemyia migonei
(0.65%), Brumptomyia sp. (0.10%) and a single specimen
of Lutzomyia longipalpis (0.05%). Considering the two traps
together an average of 89.3 insects/trap and 6.9 insects/hour
were captured.

In the genus Nyssomyia, the number of specimens of
Ny. neivai attracted to the two traps together predominated
over that of Ny. intermedia (51.5% and 48.5%, respectively),
though with no statistical significance (3> = 1.89; p > 0.05).
The females of the two species were more attracted by both
traps than were the males, but the traps’ attractiveness for Ny.
intermedia was considerably greater (female/male ratio: black
- 6.5:1.0; white - 4.4:1.0) than for Ny. neivai (black -1.7:1.0;
white -1.9:1.0) (Table II).

For the males of both species, the white trap was
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Fig. 1. Male and female nocturnal hourly (18.00 — 07.00 h) rhythm of Ny.

intermedia and Ny. neivai captured with black and white Shannon traps.
Serra district, Iporanga municipality, July 2001 - June 2002.

significantly (p <0.001) more attractive (70.0%) than the black
(30.0%). As regards the females, the white trap attracted both
species with practically the same frequency (Ny. intermedia
49.7% and N. neivai 50.3%; p > 0.05), while the attractiveness
of the black trap was significantly greater (p < 0.001) for Ny.
intermedia (63.3%) than for Ny. neivai (36.7%).

The nocturnal hourly distributions of Ny. intermedia and
Ny. neivai are presented in Figs. 1-3.

The nocturnal hourly rhythm independently of the color of
the traps is present in Fig. 1. More than 70.0% of the specimens
of both species and sexes were captured between 18.00 and
00.00 h. The females of Ny. intermedia presented four peaks
during the study period, the highest of which occurred from
19.00-20.00 h. and the three others, progressively lower, from
22.00-23.00 h, 01.00-02.00 h and 05.00-06.00 h, while the
males were more frequent from 18.00-19.00 h, and presented
modest peaks coincident with the three latest female peaks.
Whereas both sexes of Ny. neivai presented a conspicuous
peak from 20.00-21.00 h, the females presented another peak,
smaller than the former one, from 23.00-01.00 h; the males
had modest peaks from 00.00-01.00 h and 02.00-03.00 h.
The females of both species presented some activity from
06.00-07.00 hours, though that of Ny. intermedia was slightly
greater.

In the Fig. 2 is presented the nocturnal hourly rhythm
of the two species, by sex, according to the color of the
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Fig. 2. Comparison of the nocturnal hourly (18.00 — 07.00 h) rhythm between the same sex of Ny. intermedia and Ny. neivai by color of the Shannon traps.

Serra district, Iporanga municipality, July 2001 - June 2002.

traps. On the black trap, the females of Ny. intermedia and
Ny. neivai presented four peaks of activity, with only one of
these coinciding at 22.00-23.00 h. For the three other peaks,
those for Ny. neivai occurred one hour later than those of Ny.
intermedia. For the males no coincident peak was observed
for the two species. On the white trap, the females of the two
species exhibited more distinct behavior than on the black trap;
Ny. intermedia presented the highest frequencies from 19.00-
23.00 h while for Ny. neivai the peak occurred from 19.00-
20.00 h. The males also presented different tendencies in the
first half of the night: Ny. intermedia had its highest average
at the beginning of the capture period and another smaller
peak at 22.00-23.00 h while the peak of Ny. neivai occurred
from 20.00-21.00 h. Both species presented practically the
same behavior during the second half of the night.

Fig. 3 shows the attractiveness of each trap for each sex
of the two species, in accordance with the nocturnal hourly
rhythm. In the first half of the period of observation, the
males of Ny. intermedia and Ny. neivai were more attracted
to the white trap than to the black, while in the second half,
in some intervals, the opposite was true. For the females,
Ny. intermedia was more attracted to the white trap during
the majority of the intervals, but had a similar frequency on
both traps at 19.00-20.00 h and a higher peak on the black
trap during the interval 04.00-06.00 h. Females of Ny. neivai
were more attracted to the white trap than to the black, this
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difference being more marked at 19.00-20.00 h, when the
main peak of both species occurred.

Fig. 4 presents the Williams’ average and the number of
specimens of both sexes of the two species captured on both
traps. Ny. intermedia presented four peaks, those at 19.00-
20.00 h and 22.00-23.00 h being the highest and almost equal,
the two other lower ones occurring at 01.00-02.00 h and
05.00-06.00 h. The largest numbers of insects were captured
at 18.00-20.00 h, without there being any coincidence with
the highest averages, thus showing the absence of any
correspondence between these values, as the larger numbers
are simply a reflection of sporadically greater frequencies.
For Ny. neivai, with the exception of the first period, 18.00-
19.00 h, there occurred a coincidence between the magnitude
of the averages and of the numbers, the highest peak of the
average and the largest number occurring at 20.00-21.00 h.

The monthly distribution of Ny. intermedia and Ny. neivai
is shown in Fig. 5. Both species presented practically the
same tendency, the lowest frequencies being captured in
September and April, with the highest peak in March. Besides
this peak, Ny. intermedia presented two others, in July 2001
and in June 2002, with practically the same number of insects
in each. For Ny. neivai three other peaks occurred: in July
2001, January 2002 and May-June 2002. The total monthly
rainfall and that on the days of capture during the period from
July 2001 to June2002 in Iporanga municipality are shown in
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Fig. 3. Attractiveness of the black and with Shannon traps for each sex of of Ny.

07.00 h). Serra district, Iporanga municipality, July 2001 - June 2002.

Fig. 6. The peaks of July 2001, March and June 2002 coincide
with moderate or low rainfall; however, the high precipitation
on the two days of capture in March is remarkable. The rain
began at 02.30 h in the morning of the capture.

When Spearman’s correlation coefficients were calculated
as between the total number of males and females captured
monthly in both traps in relation to the monthly rains (n =
12) and that total as related to the temperatures (mean of the
month, minimum on the capture day and absolute minimum
of the month) (n = 12), a low negative correlation of Ny.
intermedia with rainfall (rS = - 0.10; Sig. 762) and a low
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intermedia and Ny. neivai, in accordance with the nocturnal hourly (18.00 —

positive correlation of Ny. neivai with rainfall (rS = 0.17; Sig.
0.587) were observed. There were extremely low negative
correlations of Ny. intermedia and Ny. neivai with mean
monthly temperatures (rS = - 0.06; Sig. 0.854 and -0.04; Sig.
0.905, respectively). Ny. intermedia and Ny. neivai showed
negative correlations with the minimum temperatures on the
days of capture, that of Ny. intermedia being moderate (rS = -
0.33; Sig. 0.297) and that of Ny. neivai low (1S = - 0.28; Sig.
0.379). Negative and low correlations were observed between
both species and the minimum monthly temperatures: Ny.
intermedia (rS = -0.12; Sig. 0.704) and Ny. neivai (1S =

Table L. Frequencies of specimens, by species and sex, captured with white and black modified Shannon traps, monthly, from 18.00 —07.00 h, July 2001 - June
2002, in the peridomicile, Serra district, Iporanga municipality, state of Sao Paulo, Brazil.

T White Black
rap . Total
Sex Males Females Both sexes Males Females pigsty
Species N % N % N % N % N % N % N %
Br: sp. - - 2 0.2 2 0.1 - - 1 0.2 1 0.1 3 0.14
Lu. longipalpis - - - - - - - - 1 0.2 1 0.1 1 0.05
Mg. migonei 1 0.3 3 0.2 4 0.3 5 2.5 5 0.8 10 1.2 14 0.65
Ny. intermedia 108  30.0 477  49.1 585 43.9 58 29.0 374 613 432 53.3 1017 47.48
Ny. neivai 249  69.4 483  49.7 732 55.0 131 65.5 217 355 348 43.0 1080 50.42
Pi. fischeri 1 0.3 8 0.8 9 0.7 6 3.0 12 2.0 18 2.3 27 1.26
Total 359  100.0 973 100.0 1332 100.0 200 100.0 610 100.0 810 100.0 2142 100.0

Br.: Brumptomyia; Lu.: Lutzomyia; Mg.: Migonemyia; Ny.: Nyssomyia; Pi.: Pintomyia.
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Fig. 4. Nocturnal hourly rhythm of both sexes of Ny. intermedia and Ny. neivai
captured with both black and white Shannon traps installed in peridomicile,
from July 2001 to June 2002. Serra district, Iporanga municipality.

- 0.10; Sig. 0.753). Thus it is possible to identify a greater
correlation, though with no statistical significance (p > 0.05),
as between Ny. intermedia and the drier and colder periods
than occurred with Ny. neivai.

The seasonal distribution is presented in Figs. 7 and 8.
In Fig. 7 the seasonal averages of Ny. intermedia and Ny.
neivai obtained from the total number of specimens of both
sexes, captured on the black and white traps, are plotted. For
both species, the summer presented the highest averages,
the difference in relation to all the other seasons being
statistically significant for Ny. neivai (p < 0.001), whereas
for Ny. intermedia it was only significant for the spring (p <
0.001). Beyond this difference, Ny. intermedia also presented
a different distribution with statistical significance as between
winter and spring and spring and autumn (p < 0.001). In the
comparison between the two species, as regards the same
season, there were statistically significant differences (p <
0.05) in spring and summer.

The hourly averages by season, species, sex and trap are
presented in Fig. 8. On the black trap, females of Ny. intermedia
predominated in the winter, the males in the summer. For
Ny. neivai, males and females predominated in the summer,
though the frequency of the females in the winter was almost
equivalent to that of the summer. On the white trap both species
and both sexes were most attracted in the summer, with more
conspicuous differences for the males than the females. The
Spearman correlation coefficients calculated for the seasonal
Williams’ geometric averages of the insect numbers in
relation to rainfall (n =4), and the numbers of insects in terms
of temperature (n = 4), gave a moderate negative correlation
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Fig. 5. Monthly distribution of both sexes of Ny. intermedia and Ny. neivai
captured with both black and white Shannon traps from 18.00 — 00.00 h.
in the peridomicile, Serra district, Iporanga municipality, July 2001 - June
2002.

of monthly rainfall and Ny. intermedia (xS = -0.40; Sig. 0.6
) and an absence of correlation with Ny. nreivai (rS = 0.0).
As regards the mean monthly temperature, there occurred a
strong positive correlation for Ny. neivai (rS = 0.80; Sig. 0.2)
and a moderate positive correlation for Ny. intermedia (1S =
0. 40; n =4, Sig. 0.6). Ny. intermedia showed no correlations
with minimum temperatures on the days of capture (S = 0.0)
but Ny. neivai presented a moderate positive correlation (rS
=0.40; n = 4; Sig. 0.06); Ny. intermedia showed a substantial
positive correlation (rS = 0.6; n = 4; Sig. 0.4) and Ny. neivai a
strong positive correlation as regards the absolute minimum
monthly temperatures (rS = 0.8; n = 4; Sig. 0.2).

Atotal of 1,135 females were dissected for the investigation
of natural infection by flagellates, 631 being of Ny intermedia
(black: 287; white: 344), 493 of Ny. neivai (black: 139; white:
354) and 11 of Pi. fischeri (black: 7; white: 4), with negative
results. The PCR tests for identification of Leishmania species
made on 392 females of Ny. intermedia and 340 of Ny. neivai
distributed in 10 pools of each species also produced negative
results.

DISCUSSION

The great similarity between the females of Ny. intermedia
and Ny. neivai and their polymorphism made their initial
identification difficult. However, based on the specimens
captured in the same study area, but before the beginning of the
observations with the two traps, it was possible to distinguish
between them by their spermathecae: Ny intermedia presents
the base of the terminal knob conspicuously wider than the

Table II. Number of specimens of Ny. intermedia and Ny. neivai, by sex, captured with white and black Shannon traps installed side by side, monthly, from
18.00 - 07.00 h, July 2001 - June 2002, in the peridomicile, Serra district, Iporanga municipality.

Species Nyssomyia intermedia Nyssomyia neivai

Trap/Sex Q 3 Total /3 Q 3 Total /3 Total
White 477 108 585 4.4 483 249 732 1.9 1317
Black 374 58 432 6.5 217 131 348 1.7 780
Total 851 166 1015 5.19 700 380 1080 1.84 2097
v 15.50 15.06 23.06 101.08 36.64 136.53 - 137.64
P <0.001 <0.001 <0.001 - <0.001 <0.001 <0.001 - <0.001
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municipality and temperature: monthly average and minimum on capture
days in Eldorado municipality, during period from July 2001 to June 2002.

width of the individual sperm duct at the junction with the
spermatheca, while in Ny. neivai both structures are of the
same width; moreover, Ny. intermedia presents more robust
spermathecae than Ny. neivai. Male specimens of both
species from allopatric areas were compared and it was seen
that they presented distinct tips of the genital filaments. The
consistency of these characteristics in the differentiation of the
two species was confirmed in a more comprehensive sample
which also included specimens from other areas (Andrade-
Filho et al. 2003).

The carbon dioxide and water vapour exhaled by the host
and its odour, image and heat were identified as stimulating
the host-seeking responses of mosquitoes (Mclver 1982) and
presumably also of other nematocerous biting flies (Gibson
& Torr 1999). Thus, the Shannon traps installed in the
peridomicile, having as visual stimuli the light emitted, the
trap itself and the body of the human being; as chemical stimuli
the kairomones (carbon dioxide and the odors) expelled by the
human being, as also the increase in heat due to the presence
of the gas lanterns and the human being and the humidity of
the air that is usually greater at night (Gibson & Torr 1999),
together created an artificial environment especially attractive
to the anthropophilic sandflies. The Shannon traps frequently
attracted these sandflies in great numbers, with a predominance
of females over males (Alexander 2000). So considering the
conspicuous and practically equivalent predominance in the
peridomicile of Ny. neivai and Ny. intermedia, when both
traps are considered together, their anthropophily as observed
for Ny. neivai by Gomes et al. (1989) and Pinto ef al. (2001)
and for Ny. intermedia by Aguiar et al. (1996) and Souza
et al. (2001, 2005) and the fact that they have been found
to be naturally infected by flagellates by several authors:
Ny. neivai (Forattini & Santos 1952; Forattini et al. 1972;
Casanova et al. 1995; Cérdoba-Lanus et al. 2006) and Ny.
intermedia (Aragdo 1922; Rangel et al. 1984; Pita-Pereira et
al. 2005), has led us to suggest their participation as vectors
of the cutaneous leishmaniasis in the area, since in the Ribeira
Valley the transmission has been identified as occurring in
the domiciliary and/or the extra-forest environment (Gomes
et al.1986; Gomes & Galati 1989).

The process of host-seeking, blood feeding and landing of
the flies in view of the related internal and external stimuli, in
accordance with Browne & Bennett (1981), consists of four
phases: I) appetitive behavior, with five stages, relating to
the habitat of the bait: a) selection of the habitat, b) upwind
orientation, ¢) near orientation, d) landing and e) crawling and
entering; I) consummatory reaction —probing and feeding; I1T)
cessation of feeding and IV) physiological state of rest. Thus
the Shannon trap may in this case be considered as sheltering
the human collector within it. So it may be presumed that
the sandflies, after selecting the habitat (black or white trap)
and landing on its walls, await an opportunity to feed on the
human being inside the trap (Galati et al. 2001). So the greater
attraction of both traps for females of Ny. intermedia rather
than for their males (female/male ratio = 4.4:1.0 on the white
and 6.5:1.0 on the black trap) in comparison with that for the
two sexes of Ny. neivai (white 1.9:1.0; black 1.7:1.0) suggests
that Ny. intermedia’s breeding or resting sites may be situated
further away than those of Ny. neivai, perhaps in an area of
more dense vegetation, and that a smaller number of males
follow them in the search for their blood meal. The female/
male ratio (1.52:1.0) of Ny. intermedia captured on a white
Shannon trap in a peridomicile, 100 m from primary forest on
the north coast of Sao Paulo state (Brito ez al. 2002) seems to
corroborate this point of view, as also does that for Ny. neivai
(2.36:1.0) captured also on white Shannon traps in a modified
residual woodland in the north of Parana state (Teodoro ef al.
1991), this latter ratio thus being close to that found on the
white trap in this present study. The greater attractiveness of
the black traps for Ny. intermedia than for Ny. neivai seems
also to be due to the former’s greater dependence on a more
shady and humid environment. The higher frequency of
Lutzomyia almerioi, a troglophile species, on the black trap,
seven times greater than that on the white trap (Galati et al.
2001), seems to lend support to this hypothesis as also does the
distribution, in the Southeastern Region, of Ny. intermedia,
more closely associated with the coastal (more humid) area,
while Ny. neivai is found in the (drier) interior (Marcondes et
al. 1998; Andrade-Filho et al. 2007).

Reinforcing this hypothesis is the fact that the hourly
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Fig. 7. Average of the total of specimens, males and females, of Ny. intermedia
and Ny. neivai captured with both black and white Shannon traps, by season
of year, in the peridomicile, Serra district, Iporanga municipality, July 2001
- June 2002.
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rhythm curves exhibited by females and males of Ny.
intermedia on the black trap and those of Ny. neivai on the
white trap have a more closely similar tendency than is true of
the opposite (Fig. 2). Another contrasting behavior observed
in the curves of hourly rhythm is that dusk is more stimulating
for the males and dawn for the females of Ny. intermedia
than for those of Ny. neivai and this also may indicate that
the former species lives in a more shady environment where
there are greater contrasts in the intensity of the light than in
a more degraded one.

Both species are more frequent in the first period of the
night, i.e. before 00.00 h. This datum is in accordance with
that related for Ny. intermedia (Brito et al. 2002) captured on
a Shannon trap in a peridomicile on the coast of Sao Paulo
state and also on human bait in a peridomicile in the state of
Rio de Janeiro (Souza et al. 2005), but differs from the results
found in a forested area in this latter study. This greater
frequency in the first period of the night was also observed
for Ny. neivai in the north of the Parana state in forested and
anthropic environments, this last possessing the greatest
proportion (94.9%) of insects (Massafera et al. 2005), and in
the southwest of the state of Sdo Paulo where the specimens
occurred in practically equal numbers on a Shannon trap in
both periods (Condino et a/.1998). However, in this present
study, the peaks of Ny. intermedia during the night all preceded
those of Ny. neivai by one hour, the most evident being at
19.00-20.00 h and 20.00-21.00 h, respectively (Fig. 1).

When both sexes captured with the two traps were
analyzed together in terms of the Williams’ average and
number of specimens (Fig. 4), Ny. neivai showed greater
equivalence as between these two data, the highest number
of specimens and Williams’ average occurring between
20.00 and 21.00 h, whereas no correspondence was seen
between these two magnitudes for Ny. intermedia, i.e. the
maximum number of specimens was obtained between 18.00
and 19.00 h, and two almost equivalent peaks occurred, in
accordance with the Williams’ average, one at 19.00-20.00
h and the other between 22.00 and 23.00 h, presenting a less
constant presence for the first period. Besides, the numbers
of Ny. intermedia specimens predominated over those of Ny.
neivai at the beginning and end of the period of capture, while
Ny. neivai was more frequent in the middle of the period of
capture. This behavior seems to indicate differences in the
ecological niche occupied by these two species.

The drier season (autumn and winter) was that in which
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Fig. 8. Hourly average from 18.00 —07.00 h of Ny. intermedia and Ny. neivai,
by trap, sex and season of year, in the peridomicile, Serra district, Iporanga
municipality, July 2001 - June 2002.

Ny. intermedia was more frequent than Ny. neivai (Fig. 7)
and this superiority occurred mainly by reason of the greater
attractiveness of the black trap to the females of the former
species (Fig. 8). Thus, taking as premise that Ny. intermedia is
more attracted to this trap because this species is more closely
associated with the forest, it is possible that in the dry period
its females tend to rest in the intradomicile, the environmental
conditions of which may be more closely similar to those of
the forest, as it provides protection from variations in wind,
temperature and humidity. So if this species presents vectorial
competence to transmit Leishmania, the drier season may be
considered as a period of risk for the inhabitants. On the other
hand Ny. neivai may be transmitting during more humid and
hotter periods since it presents a stronger positive correlation

Table I1I. Frequencies of Ny. intermedia and Ny. neivai, by sex, captured with white and black Shannon traps from 18.00 - 07.00 h, monthly, in the peridomicile,

Serra district, Iporanga municipality.

Sex Males Females

Shannon trap white black white black
Species N % N % N % N %
Ny intermedia 108 30.0 58 30.0 477 49.7 374 63.3
Ny. neivai 249 70.0 131 70.0 483 50.3 217 36.7
Total 357 100.0 189 100.0 960 100.0 591 100.0
v 56.6 29.1 0.038 41.7

P <0.001 - <0.001 >0.05 <0.001 -
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(rS = 0.80; Sig. 0.2) between frequency and monthly mean
and minimum absolute temperatures.

The highest peak for both species observed in March 2002
(Fig. 5) may be a consequence of the high temperature and
changes in the atmospheric conditions preceding the heavy
rains (Fig. 6) that began during the capture, about 02.30 h.
These changes seemed to stimulate the flying, host-seeking
activity of the sand flies, perhaps due to the greater production
of carbon dioxide and odour by the humans and other animals
present in the peridomiciliary area of capture.

Pi. fischeri and Mg. migonei have frequently been
associated with Ny intermedia and/or Ny. neivai in Sao
Paulo state, mainly in the Ribeira Valley (Forattini et al.
1976; Domingos et al. 1998; Gomes & Galati 1987, 1989);
however, Lu. longipalpis, the main vector of American
visceral leishmaniasis, was not formerly known to occur in
this region. Furthermore, its presence in the peridomicile calls
for the special attention of the government organs responsible
for the entomological surveillance for the control of visceral
leishmaniasis.

In brief, females of Ny. intermedia and Ny. neivai were
captured in approximately equal numbers in the anthropic
environment. Females of Ny. intermedia were much more
attracted to both traps than were the males, in comparison
with the difference between the two genders of Ny. neivai.
Ny. intermedia was more attracted to the black trap than Ny.
neivai but on the white trap the two species were captured
with no significant statistical difference. The males of both
species were more attracted to the white trap. As for hourly
rhythm, the females of Ny. intermedia presented two higher
peaks (19.00-20.00 h and 22.00-23.00 h) while Ny. neivai
presented one, at 20.00-21.00 h. Greater numbers of Ny.
intermedia than of Ny. neivai were captured both at dusk and
dawn. Ny. intermedia was most frequent in the drier period
and Ny. neivai in the rainier season.

These differences in the behaviour of Ny. neivai and Ny.
intermedia perhaps may be result of distinct ecological niches
that they are occupying and both would be transmitting
cutaneous leishmaniasis in the area, in view of their great
density in the peridomicile, since in the Ribeira Valley
the transmission has been identified as occurring in the
domiciliary and/or the extra-forest environment.
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