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A white Shannon-type trap was used for captures of female sand flies in the search for natural
infection with flagellates, however, due to its low productivity and as a large number of phlebotomines
settled on the researchers’ black clothes, we decided to compare the relative attractiveness of black and
white Shannon-type traps for sand flies. Several pairs of black and white traps were placed side by side
in front of caves in four areas in the Serra da Bodoquena, Bonito county, State of Mato Grosso do Sul,
Brazil, for a total of 12 observations and 44 h of capture. The experiment resulted in 889 phlebotomines
captured, 801 on the black and 88 on the white trap, representing 13 species. The hourly Williams’
means were 8.67 and 1.24, respectively, and the black/white ratio was 7.0:1.0. Lutzomyia almerioi, an
anthropophilic species closely associated with caves, was predominant (89%). Only two other species,
Nyssomyia whitmani and Psathyromyia punctigeniculata, also anthropophilic, were significantly at-
tracted to the black rather than to the white trap (χ2 test; p ≤ 0.01). The difference between the diversity
index of the two traps was not significant at level 0.05. The black trap in these circumstances was much
more productive than the white, especially for anthropophilic species.
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Shannon (1939) described a trap, made of white
cloth and mosquito netting, to attract and capture
mosquitoes, using animal or light baits. It consisted
of a large central compartment and two smaller
lateral ones. The measurements, in metres (width,
length and height), of the central and the lateral
compartments were, respectively: 1.3 x 3 x 2 and
0.6 x 3 x 1.3. This trap is suspended by cords from
trees or other supports. Similar traps entirely made
of cotton cloth and with smaller dimensions are
frequently used in studies of Culicidae (Service
1993) and Phlebotominae (Maroli et al. 1997).

Another version of the Shannon trap, which
consists of the central part only, with its top of cloth
and sides of mosquito netting was also proposed

by Shannon (1939), and the capture of the insects
is made both inside and outside this single com-
partment. In studies of phlebotomines, Maroli et
al. (1997) used a trap with a single compartment
and Perez et al. (1988) used this model with mea-
surements of 1.6 x 2.5 x 1.6 m. Vexanet et al. (1986)
showed another modification of the Shannon trap,
in which the central compartment was replaced by
a cloth hanging vertically from the top, and the
lateral compartments, although shallower, were
maintained.

Independently of the modifications the Shan-
non trap has undergone, the presence of man dur-
ing the captures means that he also plays the role
of bait, as well as the light of the lantern or any
other source. The importance of the anthropophily
of the species in relation to the efficiency of the
trap was demonstrated by Perez et al. (1988) in a
comparative study of human baited and non-baited
traps, when it was observed that the presence of
phlebotomines in the latter seemed to occur merely
by chance.

According to Browne and Bennett (1981), ob-
servations on the greater attractiveness of dark
rather than light colours for mosquitoes are not new
and this behaviour may be a response to surfaces
with lower reflective capacity (Brett 1938). It is
the spectral reflectance of the colours which influ-
ences their choice by mosquitoes (Gjullin 1947).
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For some females of Aedes, the attraction exercised
by coloured cloths as landing surfaces varies in-
versely with their brightness, as measured by the
reflectivity for light, with wavelengths between 475
and 625 nm (Brown 1954). Different species of
the same genus respond differently to the same
visual stimuli (Gilbert & Gouck 1957) but, on the
other hand, a particular behavioural response is
common to different species (Sippel & Brown
1953).

On the basis of a previous successful capture
of females, to search for natural infection with
flagellates, in an area covered by “cerradão”, a type
of savanna vegetation (Galati et al. 1996), using a
white modified Shannon trap, like that employed
by Vexanet et al. (1986), we decided to use the
same model in a project to study the bio-ecology
of phlebotomines in the Speleological Province of
the Serra da Bodoquena, also an area of “cerradão”.
However, the number of phlebotomines settling on
the walls of the trap was very small or non-exis-
tent; on the other hand, there was a large number
of them on the researchers’ clothes, especially when
these were black.

Due to the fact that for some species of insects
dark colours are more attractive and also due to
the need to increase the number of females cap-
tured, we decided to compare black and white
modified Shannon traps and the results of this ex-
periment are presented here.

MATERIALS AND METHODS

The study was undertaken in the Serra da
Bodoquena (19°48'-22°16' SL and 56°32'-57°24'
WL; 400-650 m.a.s.l.), State of Mato Grosso do
Sul, Brazil, in four areas of Bonito county, from
June 1998 to March 1999.

The ground where the traps were installed was
calcareous with occasional exposed rocks and loose
stones, covered with “cerradão” vegetation. The
observations were made in the following four en-
vironments: (i) Guaicurus Settlement, in a home-
farm belonging to Mr José Barbosa, in the
peridomicile, about 10 m from the domicile, 5 m
from a small vertical rocky cave and 6 m from a
hill covered with residual native vegetation; (ii) São
Miguel Farm, in front of the cave of the same name
(MS-09), 6 m from its mouth; (iii) Gruta do Lago
Azul (MS-02), close to the steps that lead down to
the lake at the bottom of the cave; and (iv)
Pitangueiras Farm, in front of the cave of the same
name (MS-38), 3 m from its mouth.

The measurements of the traps were, in metres
(width, length and height, respectively), 1.4 x 1.6
x 1.5 and the height of the sides 0.4 m (Figure).The
two traps, the black and the white, at each locality,
having their relative position alternated for each

successive capture, were set side by side, between
5 pm and 10 pm, for a total of 12 observations and
44 h of capture. A fluorescent lamp (15 W, 12 V),
hanging between the two traps, and a manual lan-
tern (0.15 A, 6 V) were used as light source. In
each trap the captures were made by one researcher
only, but no necessary the same person. When few
insects settled on a trap they were captured with a
collecting tube, but when there were too many, we
used an aspirator (Natal & Marucci 1984).

Statistical analysis - The estimates of diversity
between the traps were obtained using the Indices
of Fisher et al. and Margalef (Service 1993, Hayek
& Buzas 1997) and for the similarity between them,
Sorensen’s quotient (Service 1993) was employed.
The relative attractiveness between black and white
modified Shannon traps for the total of the locali-
ties above mentioned was assessed by the χ2 test,
for N ≥ 10, and by the binomial test, when 5 ≤ N ≤
9 (Siegel 1975). The hourly frequency was obtained
by the Williams’ mean (Haddow 1960).

The species nomenclature used is that of Galati
(1995).

RESULTS

The captures resulted in 889 sand flies, 801 on
the black and 88 on the white traps, representing
13 species. In the total capture, a new species,
Lutzomyia almerioi, described by Galati and Nunes
(1999) exercised an absolute predominance at all
sites, both on the black and the white traps. The
second most frequent species was Nyssomyia
whitmani (Table I). Among the species with total
frequency (N) equal to or greater than 10, on the
two traps, L. almerioi, N. whitmani, Psathyromyia
punctigenicula and P. shannoni were more fre-
quently captured on the black trap, but, only for
the first three species, was the difference statisti-
cally significant at a level of p≤0.01. Of the spe-

The pair of modified Shannon traps in black and white situ-
ated in front of the São Miguel mouth cave.
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TABLE I

Number and percentage of phlebotomines of both sexes captured with modified black (B) and white (W) Shannon traps near cave mouths, in four localities in Bonito
county, State of Mato Grosso do Sul, Brazil, between June 1998 and March 1999

Localities Guaicurus São Miguel Lago Azul Pitangueiras Overalla

Hours of capture 7 9 11 17 44

Species B W B W B W B W B W
          Traps N % N % N % N % N % N % N % N % N % N %

Brumptomyia sp. - - - - - - - - 1 1 1 4.5 - - 1 1.8 1 0.1 2 2.3
Evandromyia corumbaensis - - 1 25 - - 1 16.7 - - - - 1 0.2 - - 1 0.1 2 2.3
Evandromyia teratodes - - - - - - - - 1 1 1 4.5 - - - - 1 0.1 1 1.1
Lutzomyia almerioi 22 53.7 1 25 47 69.1 2 33.2 88 84.5 13 59.1 579 98.4 42 75 736 92 58 66
Lutzomyia longipalpis 2 4.9 - - - - 1 16.7 - - - - - - - - 2 0.2 1 1.1
Martinsmyia oliveirai - - - - - - - - - - - - 1 0.2 - - 1 0.1 - -
Micropygomyia peresi - - - 1 1.5 - - - - - - 1 0.2 3 5.4 2 0.2 3 3.4
Micropygomyia quinquefer - - - - - - - - - - - - 2 0.3 6 10.7 2 0.2 6 6.8
Nyssomyia whitmani 13 31.7 1 25 5 7.4 - - 2 1.9 1 4.5 4 0.7 4 7.1 24 3 6 6.8
Pintomyia sp. 3 7.3 - - 2 2.9 - - 1 1 1 4.5 - - - - 6 0.8 1 1.1
Psathyromyia punctigeniculata - - - - 8 11.8 1 16.7 1 1 1 4.5 - - - - 9 1.1 2 2.3
Psathyromyia shannoni 1 2.4 1 25 3 4.4 1 16.7 5 4.8 2 9.2 - - - - 9 1.1 4 4.5
Sciopemyia sordellii - - - - 2 2.9 - - 5 4.8 2 9.2 - - - - 7 1 2 2.3

Total 41 100 4 100 68 100 6 100 104 100 22 100 588 100 56 100 801 100 88 100

a: χ2 1 fd: L. almerioi = 2137.5 p < 0.0001; N. whitmani = 16.9 p < 0.001; P. punctigeniculata = 7.5 p < 0.01; P. shannoni = 2.3 (NS at 0.05 level)
Binomial test: M. peresi p = 0.5; P. quinquefer p = 0.15; Pintomyia sp.  p = 0.06; S. sordellii p = 0.09
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The measurements of similarity and diversity
for the black and the white traps are given in Table
V. With the exception of the Lago Azul Cave, the
number of species captured on both traps was dif-
ferent at all the localities. When these measure-
ments were calculated for all localities the values
indicated that the sand flies were attracted almost
equally by the two traps. If the number of species
and the quantity of specimens captured are con-
sidered as they are in Margalef’s Index, the val-
ues for the black trap are always smaller than those
for the white one, though in Fisher et al.’s Index,
there is a partial overlapping in the confidence
interval.

DISCUSSION

Internal and external stimuli affect the whole
process of host-seeking, blood feeding and subse-
quent rest of the biting flies. In this process, as cited
by Browne and Bennett (1981), in a summary of
what had been suggested by other authors
(Laarman 1955, 1958, Smith 1966, Golini 1970),
Bradbury (1972) identified four phases: (i) appeti-
tive behaviour, consisting of five stages: 1st - habi-
tat selection, 2nd - upwind orientation, 3rd - near
orientation, 4th - landing behaviour and 5th - crawl-
ing and burrowing; (ii) consummatory reaction -
probing and feeding; (iii) cessation of feeding and
(iv) physiological state of rest. The external stimuli
consist of visual, physical and chemical cues. The
visual cues stimulating the orientation of flies to a
host include reflection of light, movement, con-
trasting actions, size and shape. Among physical

cies for which 5 ≤ N ≤ 9, Micropygomyia peresi
and M. quinquefer were more attracted to the white
and Pintomyia sp. and Sciopemyia sordellii to the
black, but the difference was not statistically sig-
nificant at the 0.05 level for any of them. Except
for a single Martinsmyia oliveirai, captured on a
black trap, the species were all represented in the
captures on both traps (Table I).

The hourly Williams’ means for species cap-
tured with black and white traps respectively, and
the black/white ratio at the four localities are pre-
sented in Table II. The hourly Williams’ means
and the black and white ratio for all the species
according to their localities are shown in Table III.

A comparison between Williams’ means of fe-
males and males of L. almerioi according to their
localities on the black and white traps, respectively,
is presented in Table IV.

TABLE II

Hourly Williams’ mean for both sexes by species of phlebotomines captured with black and white traps, at the
four localities between June 1998 and March 1999 and the black/white ratio of this mean

Species Black White Black/White
                                    Traps Ratio

Brumptomyia sp. 0.016 0.032 0.5:1.0
Evandromyia corumbaensis 0.016 0.032 0.5:1.0
Evandromyia teratodes 0.016 0.016 1.0:1.0
Lutzomyia almerioi 7.739 0.699       11.1:1.0
Lutzomyia longipalpis 0.025 0.016 1.6:1.0
Martinsmyia oliveirai 0.016 - -
Micropygomyia peresi 0.032 0.048 0.7:1.0
Micropygomyia quinquefer 0.032 0.099 0.3:1.0
Nyssomyia whitmani 0.284 0.085 3.3:1.0
Pintomyia sp. 0.092 0.016 5.7:1.0
Psathyromyia punctigeniculata 0.127 0.032 4.0:1.0
Psathyromyia shannoni 0.145 0.065 2.2:1.0
Sciopemyia sordellii 0.484 0.032 1.5:1.0

Total 8.667 1.243 7.0:1.0

TABLE III

Hourly Williams’ mean for both sexes and all species
captured with black and white modified Shannon

traps, in the four localities, between June 1998 and
March 1999

Localities Black White Black/White
                 Traps Ratio

Guaicurus 3.43 0.35  9.8:1.0
São Miguel 6.14 0.56 11.0:1.0
Lago Azul 6.48 1.08  6.0:1.0
Pitangueiras 16.32 2.31  7.1:1.0

Overall 8.67 1.24  7.0:1.0
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cues are included radiant and convective heat,
moisture, sound and surface structure and among
the chemical ones, carbon dioxide and components
of odour (Laarman 1955, 1958).

When a trap, such as the Shannon-type, is in-
stalled in a particular environment, an artificial situ-
ation is created, and the animal or human bait
comes to play the role of host and the trap its habi-
tat. Under these conditions the attraction that the
insects feel is influenced by the combination of
these two factors, as is suggested by the observa-
tions of Perez et al. (1988), and also by the light
sources. Therefore, it is possible that the sand flies
after selecting their preferred habitat, here repre-
sented by the black or white trap, and landing on
it, may in fact be waiting for an opportunity to feed
on the host, man, specifically in this case. This
seems to explain the greater attraction evidenced
in the study of the anthropophilic species  L.
almerioi, N. whitmani and P. punctigeniculata
(Galati et al. 1996, 1999).

As the environments in which the experiment
was carried out were covered by a forest type
“cerradão” vegetation, which threw its shadow on
the rocky soil and were very close to caves, it is

TABLE IV

Hourly Williams’ mean by sex and female/male ratio of Lutzomyia almerioi captured with black and white
modified Shannon traps, in the four localities, from June 1998 to March 1999

Sex f m f/mRatio

Localities
Traps Black White Black White Black White

Guaicurus 1.46 0.10 0.10 0 14.6:1.0 -
São Miguel 3.45 0.03 0.37 0.03   9.3:1.0 1.0:10
Lago Azul 4.86 0.60 0 0.11 - 5.5:10
Pitangueiras  15.11 1.16 1.03 0.18 14.7:1.0 6.4:10

Overall 6.32 0.56 0.43 0.11 14.8:1.0 5.2:1.0

reasonable to suppose that mammals and cold-
blooded vertebrates should have their nests or dens
in places with little or no light, where the sand flies
probably suck their blood meals, during the diurnal
as well as the nocturnal period. It is possible to un-
derstand the evidently greater attraction exerted by
the black trap rather than the white one for the single
most frequent species in all the localities, L. almerioi
(Table I) since it is closely associated with caves
and presents both diurnal and nocturnal activity
(Galati et al. 1999). On the other hand, this species
seems to have a marked opportunist capacity, since
it bites man avidly when he is in or near the caves.

This absolute predominance of L. almerioi
(89%) over the other species (Table I) and its
greater preference for black traps, since the black/
white ratio was 11.1:1.0 (Table II) influenced de-
cisively the overall black/white ratio (7.0:1.0).
Furthermore, this influence may be observed in
Table III, which shows the overall Williams’ mean
as being very close to the average for Pitangueiras,
where these species represented 98.4% of the speci-
mens captured on the black trap and this locality
contributed with 72.2% of the total number of sand
flies captured in the four localities (Table I).

TABLE V

Sorensen’s Quotient (SQ), Margalef’s Diversity Index (d) and Margalef‘s standardized Index (d/dmax) for black
(B) and white (W) traps at the four localities and Index of diversity of Fisher et al. (α), with the confidence

interval (CI of α) at 95%, for the total captures on the black and white traps

Localities Guaicurus São Miguel Lago Azul Pitangueiras Overall

Index
         Traps B W B W B W B W B W

SQ 0.67 0.50 1.0 0.73 0.96
d 1.08 2.16 1.42 2.23 1.50 2.26 0.78 0.99 1.79 2.46
d/dmax 0.100 0.202 0.090 0.141 0.067 0.10 0.009 0.011 0.015 0.021
α - - - - - - - - 2.20 3.75
CI of α - - - - - - - - 1.7 - 2.7 2.4 - 5.1
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The two other anthropophilic species, N.
whitmani and P. punctigeniculata (Galati et al.
1996), although their frequencies were much more
reduced than that of L. almerioi, were the only spe-
cies for which the attractiveness of the black trap
was statistically more significant.

This greater attractiveness of black over white
for the anthropophilic species observed in this ex-
periment agrees with the observations made on
various species of Culicidae (Brett 1938, Gjullin
1947, Brown 1951, 1954, Gilbert & Gouck 1957,
Browne & Bennett 1981). However, for the
phlebotomines, of 111 specimens of N. intermedia
s. lat., no differentiation was observed on the rela-
tive attraction exercised by yellow, white, green
and red lights, in urban captures with New Jersey
traps (Gomes & Galati 1994).

As the purpose of this study was to use the
Shannon trap for the capture of females for dissec-
tion to observe natural infection with flagellates,
the black trap clearly obtained the best response
for this end, since the female/male ratio of the pre-
dominant species L. almerioi was for the black trap
14.8:1.0, and for the white 5.2:1.0.

The fauna captured in the two traps presented
great similarity (Table V) as shown by Sorensen’s
Quotient (0.96), close to 1.0 that represents maxi-
mum similarity. However, excepting Lago Azul,
in the three other localities, this quotient varied
between 0.50 and 0.73 and the greatest number of
species was always captured on the black trap
(Table I). Although, Margalef’s Diversity Index is
the greatest for the white trap in all localities, the
difference is small and according to that of Fisher
et al., calculated for the overall captures, there is
an overlapping in the confidence intervals for the
two traps (Table V).

In qualitative terms, it is much easier to see the
sand fly when it has landed on the walls of the
black trap than on those of the white, because of
the contrast between the brightness of the insect’s
body and the black cloth.

In brief, in the circumstances under which this
study was undertaken, it was possible to demon-
strate the superiority of the black modified Shan-
non trap over the white regarding the number of
sand flies collected, mainly of the anthropophilic
species, the black trap accounted for seven times
more than the white, the females being much more
strongly attracted to the black trap than the males
and with no significant difference between the
traps’ diversity at the 0.05 level.
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