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Phlebotomines (Diptera: Psychodidae) in forested areas of the
Serra da Bodoquena, state of Mato Grosso do Sul, Brazil
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Investigation was undertaken on the behaviour of the phlebotomine fauna in caves, forests, and anthropic
environments of the Serra da Bodoquena, between January 1998 and January 2000. This paper reports on the
phlebotomines captured in forested areas with automatic light traps (ALT), Shannon traps (ST), aspiration (AN), at
natural resting sites and by human attractiveness (HA) during 24 h. The diversity and abundance of the specieswere
investigated with ALT installed at 16 points (ground level) and 6 in the canopy. Natural infection by flagellates was
investigated in females captured with ST, AN, and HA. The sand fly fauna was represented by 23 species. Twenty-two
of these were captured with ALT, 15 of them on the western side, and 20 on the eastern. Lutzomyia longipal pis and
Nyssomyiawhitmani were the most abundant on the former and this speciestogether with Lutzomyiaamerioi onthe
latter side. On the eastern side the ecotopes located close to caves rendered a significantly greater number (P <
0.01) of specimens than did more distant sites. On thisside Lu. amerioi contributed with 56% of the total number of
specimens. Lu. almerioi femaleswer e predominantly attracted by humans (96.4%) and by ST (93.2%) and three of the
2173 dissected (0.138%) presented natural infection by flagellates. The attraction of Lu. amerioi to humans oc-
curred during all seasons, predominantly in the summer, and in nocturnal and diurnal periods. Thusit is bothersome
to inhabitants of and visitors to the Bodoquena ridge and a potential vector of flagellates.
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Asinhabitants of forested areas, caves, and anthropic
environments, the phlebotomines call for specia atten-
tion, due to the capacity of some species to transmit
agents, such as trypanosomatids, bacteria, and viruses,
to vertebrates, as well asto cause bother by their painful
bites, which may produce allergic manifestations (Forattini
1973, Young & Duncan 1994).

Among the trypanosomatids transmitted by phle-
botomines are the Leishmania, agents of cutaneous and
visceral leishmaniases, both of which are spreading
throughout Mato Grosso do Sul asalso in other Brazilian
areas(Nuneset a. 2001).

Information on the presence of phlebotominesin caves
on the Serrada Bodoquena (Gnaspini et al. 1994) led the
authorsto undertake a project to identify the phlebotomine
fauna and some aspects of its species behaviour in rela-
tion to the human population.

The Bodoguena Plateau, in the state of Mato Grosso
do Sul (MS), with many forested areas, numerous caves,
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clear rivers, and magnificent carbonate falls (tufas), isan
international attraction for ecotourism, one of the impor-
tant economic activities of the area, which aso include
cattle-raising, agriculture, and mining.

Several sites on the Serra da Bodoquena, in natural
(caves and forests) and anthropic environments, were
sampled and followed up between January 1998 and June
2000. Previousrecords of the serra’s phlebotomine fauna
captured in 12 caves (Galati et al. 2003a) and in afocus of
human cutaneous and canine visceral leishmaniases
(Galati et al. 2003b) have already been published.

The aim of this work is to present the relative abun-
dance and diversity of the sand flies captured in various
types of natural vegetation on the Serra da Bodoquena,
the attractiveness of humans to phlebotomine females,
their nictemeral and seasonal activity, and also rates of
natural infection by flagellates of females captured by
human attractiveness and modified Shannon traps, aswell
asto assess the potential risk of these insectsin transmit-
ting diseases or in causing annoyance to the human popu-
lation.

MATERIALS AND METHODS

Sudy area - The Serra da Bodoquena, situated in the
south-central part of the state of Mato Grosso do Sul,
forms the extensive carbonate geomorphological water-
shed separating the basin of the Paraguay river on the
west from the sub-basin of the Apariver to the south and
that of the Mirandariver to the east.
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The Bodoquena plateau is a highland area of which
the most prominent feature is the Serra da Bodoguena
extendinginaN-Sdirection for ca. 200 km and from E-W,
at its widest point, for ca. 60 km (Fig. 1). It presents an
asymmetrical cross-section with a scarp on the western
side and a gentle slope with calcareous residual moun-
tains on the east. The atitude of the plateau varies from
400to 650 m (Boggiani & Coimbra1995).
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Fig. 1: map of the Serra da Bodoquena. Arrows show the localiza-
tion of the study areas.

Theclimateisbasically tropica and influenced by polar
advections during the winter (June-September) when the
environment isdrier and the rainfall variesfrom 30 to 60
mm/month. The mean annual temperature variesfrom 20-
22°C and precipitation from 1300-1700 mm/year (Alvarenga
etal.1982).

Thelevel areasof the plateau with reddish-yellow Lato-
sol and dark red Latosol are covered with savannah veg-
etation (“ Cerrado”) or itsvariants. In areaswith outcrops
of carbonate rocksthe soil is shallower and covered with
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seasonal deciduous sub-mountainous forest (Furtado et
al. 1982, Veloso et a. 1991).

Near thefoothillsthere generally occurs adense shrub-
herbaceous stratum, 1.5-2.0 m high; an intermediate con-
tinuous arboreal stratum forming a dossal about 10 m
above the ground with some few trees of 15 m standing
out. Trees 20-25 m high are found in the foothills and
bromeliaceae occur either singly or in large clumps on
rocks (Furtado et al. 1982).

Many areas surrounding caves may be considered as
ecotones between seasonal deciduous sub-mountainous
forest and forested savannah or between this latter and
low-lying seasonal deciduous forest, making the distinc-
tions between the domains of these types of vegetation
unclear (Veloso et al. 1991). An example of an ecotone
between the forested savannah and low-lying seasonal
deciduous forest may be found surrounding the Lago
Azul cave, presenting one of the greatest diversities of
the upper Paraguay river. Close to the edge of this eco-
tone some species typical of forested savannah such as
Dipteryx alata are present, merging with vegetation more
typical of the forest the closer one approaches the cave.
This forest has a dossal of between 12 and 15 m high.
Sometaller speciesreach 20-25 m and those of the under-
growth 2-8 m. Among the trees with the largest trunk di-
ameter are to be found Combretum leprosum, Eriotheca
roseorum, Averrhoidium paraguaiense, Amburana
cearensis, Tabebuia roseoalba, Acacia polyphylla,
Cedrela fissilis, Aspidosperma subincanum, and
Astronium graveolens (Damasceno-Junior, not pub-
lished).

Inarapid survey of wood plants of the savannah biome
intwo localitiesin Bonito county (20°58' S 56° 32' W and
20050’ S56°37' W), respectivetotals of 50 and 57 species
werefound, whilein Bodoguenacounty (20°23' S56°31' W)
therewere only 28 (Ratter et al. 2001).

The gallery forests present great species variety, dis-
tributed according to a well defined structure, with a
shrub-herbaceous stratum in which young specimens of
arboreal species of between 1 and 2 min height areto be
found. Thetaller treesform acanopy of about 15 m height.
Epiphytic plants, bromeliaceae and orchids, grow on the
tree trunks, stones and ground near the river banks as
also do some small and large leafed ferns, lianas being
found everywhere (Furtado et al. 1982). In some areas
bamboos are frequent.

Pointsof capture

Corumba county - On the western side of the ridge,
onthe Sdo Carlosfarm (20°08' 42.79" S; 57°08' 37.44"
W). Three areas: two in aseasonal deciduous sub-moun-
tainous forest (ground level) and the other in a forested
savannah/seasonal deciduous sub-mountainous forest
ecotone (ground level).

Bodoguena county - On the eastern side of the ridge.
Two areas: 1) in awell-preserved seasonal deciduous sub-
mountainous forest (ground level) situated on Morro
Vermelhofarm (20°26' S; 56°43' W), closeto the Estreito
daSerracave (20°26' 18.33213" S; 56°42' 40.51587" W); 2)
in a degraded seasonal deciduous sub-mountainous for-
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est (ground level) situated in theur ban ar ea of Bodoguena
close to the Camargo Corréa Industrial (C.C.1.) cave
(20°33'17.99897"' S; 56°40' 49.21034" W).

Bonito county - Three localities. Guaicurus Settle-
ment nucleus (onthe western side); Pitangueirasfarm;
and Anhumas nucleus (both on the eastern side).

Guaicurus Settlement nucleus: three areas were
sampled: Trés Coxilhasfarm situated to the north of the
Guaicurus Settlement, in an area covered with relatively
well-preserved ecotone: forested savannah/seasonal de-
ciduous sub-mountainous forest, with the emergent trees
being of 20-25 min height. Two points, both situated ca.
100 m from Galicho’s cave (20°52'19.28924"’S;
56°50' 46.24762"' W), asit isknown locally were sampled:
canopy and ground. Guaicurus Settlement: two areas:
Small farm 121 (ground level) and Small farm 123
(ground level), about 200 m from each other, both repre-
senting seasonal deciduous sub-mountai nous forest, now
considerably modified, belonging to two private dwell-
ings, theformer closeto Cez&rio'scave (20°52'19.28924” S;
56°50'45.24762"" W) and both located ca. 1 km from
Galicho's cave. Salobr o farm located on the northeast-
ern edge of the Guaicurus Settlement (about 10 km from
the small farms 121 and 123). Two forests were sampled:
seasonal deciduous sub-mountainous forest (ground
level), ca. 100 mfrom adomicileand gallery forest (ground
level) in which bamboos are abundant, ca. 150 m fromthis
domicile.

The Pitangueirasfarm is situated half-way between
Bodoquena and Bonito. Two forests (about 200 m from
each other) and delimited by pasture were sampled: arela-
tively well preserved ecotone between forested savan-
nah/seasonal deciduous sub-mountainous forest close
to the Pitangueiras cave (20°52' 10.34308" S; 56°35’ 06.
25137""W): canopy and ground level and agallery forest:
canopy and ground level.

Anhumas nucleus: three ecotone areas: forested sa-
vannah/low-lying seasonal deciduous forest with emer-
gent trees of 20-25 min height were sampled: canopy, on
Sao Miguel farm close to the Sdo Miguel cave
(21°06' 28.52753" S; 56°34' 43.15047"' W); ground level, sur-
rounding the Lago Azul cave (21°08’40.46471"S;
56°35' 25.90941" W), ca. 13 kmfrom the SGo Miguel cave,
canopy and ground level, on the Anhumas farm, about
500 m fromthe LagoAzul cave.

Jardim county - On the western side of theridge. Two
localities were sampled: Balsamo do Rio Perdido farm
(21°25'00” S; 56°45' 00" W) located close to the Perdido
river, on the border with Porto Murtinho county, where
two forestswere searched: seasonal deciduous sub-moun-
tainousforest (ground level), ca. 80 mfrom adomicile and
50 m from acattle pen and gallery forest (canopy) ca. 60 m
fromthedomicileand Figueirafarm, intwo areas. asea-
sonal deciduous sub-mountainous forest (ground level)
close to a cavity called Buraco das Abelhas
(21°31'20.61054" S; 56°42' 37.16254"" W); 2.2) in an ecotone
between forested savannah and seasonal deciduous sub-
mountainous forest close to Buraco da Sucuri
(21°31'20.61054" S, 56°42' 37.16254" W).
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Methodology - The captures of sand flieswere carried
out, independently of the official summertime in force
during part of the period, using four techniques: auto-
matic light traps (Natal et al. 1991), aspiration, modified
white and black Shannon traps (Galati et al. 2001), and
human attractiveness.

Captures with automatic light traps installed in the
canopy (ca. 10 m above the ground level) and 1 m above
the ground level, were undertaken fortnightly by local
inhabitantsfrom 6:00 p. m.t0o 6:00a. m.

The capture periods were not the same for al areas:
Bonito county: Pitangueirasfarm - January 1998 to Janu-
ary 2000; Anhumas farm, S8o Miguel farm; Lago Azul;
Trés Coxilhasfarm and small farm 121 - January 1998 to
December 1999; small farm 123 - April 1998 to December
1999; Salobréofarm- June 1998 to December 1999; Jardim
county: Balsamo do Rio Perdido farm - January to Decem-
ber 1998; Figueirafarm - February 1999 to January 2000;
Corumba county: Sdo Carlosfarm - February 1999 to Janu-
ary 2000.

Apart from these captures three others, in February,
May, and July 1998 were undertaken closeto the Estreito
da Serra cave in Bodoguena county.

For the purpose of collecting phlebotomines for dis-
section and to observe natural infection by flagellates,
captures were undertaken by aspiration at the insects
probable natural resting sites and with modified Shannon

traps.

Aspiration of sand fliesin their natural resting sites
(tree trunks, exposed roots, fallen leaves under and be-
tween the rocks and armadillo burrows) was undertaken
with an aspirator (6 volts) during the afternoon by mem-
bers of the team without regular periodicity, to atotal of
102.5 h, asfollows: Bodoquenacounty - in forested areas
surrounding C.C.l. cave (14.5 h); Trés Coxilhasfarm - in
forested areas surrounding Gaucho’s cave (6 h); Guaicurus
Settlement - in the seasonal deciduous sub-mountainous
forest of the small farms 121 (24 h) and 123 (15 h);
Pitangueiras farm - in forested areas surrounding
Pitangueiras cave (3 h); Anhumas nucleus - in forested
areas surrounding Lago Azul cave (14 h) and S&o Miguel
cave (9 h) and Basamo do Rio Perdido farm - seasonal
deciduous sub-mountainous forest (13 h) and the gallery
forest (4 h).

Captures with modified Shannon traps were under-
taken between 6:00 p.m. and 10:00 p.m. by two members of
the team in each season of the year at some points on the
SerradaBodoquena. During 1998, the captureswere car-
ried out inthegallery forest of the Balsamo do Rio Perdido
farmandin 1998-1999 in front of the caves Pitangueiras,
Lago Azul, and S&o Miguel caves.

The females captured were dissected for the investi-
gation of natural infection by flagellates as described by
Galati et al. (2003a). When natural infection by flagellates
was observed, the liquid containing the digestive tract
was aspirated from the slide and inoculated into the hind
legs of a hamster and also into NNN (Neal, Novy, and
Nicol€e) medium with the liquid phase consisting of BHI
(bovine brain, heart infusion) plus penicillin 2000 [U/ml



178

and streptomycin sulfate 100 pg/ml. Theresidual part of
the slide and the cover-glass were fixed with acetone and
sent to the Instituto Evandro Chagas, Belém, state of Para
for theidentification of the flagellates, using monoclonal
antibodies.

Captures by human attractiveness were undertaken,
once in each season, for the purpose of observing the
nictemeral rhythm and also investigating the natural in-
fection by flagellates, in two localities: in front of the
Pitangueiras cave mouth, Bonito county 1/2.V1.1998, 28/
29.V11.1998, 28/29.X.1998 and 2/3.11.1999, and of the C.C.I.
cave, in Bodoguena town on 24/25.111.1999, 30.VI/
1.VI1.1999, 22/23.1X.1999 and 27/28.X11.1999. The captures
began about midday and were carried out continuously
for 24 h. Two members of the staff stayed at the capture
site, but only one of the team had her face, hands and the
lower part of the legs exposed. The person who was the
attraction undertook the captures on herself, but when
the number of insects attracted was large, the other per-
son of the pair helped her, so as to guarantee the capture
of al thefemales.

All the specimens captured with automatic light traps
and those captured with the other techniques, excepting
thefemal es dissected, wereidentified after their clarifica-
tion in accordance with the method described by Forattini
(1973) and examined in creosote. Some of these speci-
menswere mounted on slides and deposited in the collec-
tion of the Departamento de Epidemiologia of the
Faculdade de Satde Publica, USP.

The pluviometric datafor Bonito county from 1981 to
1999 were obtained from the Agricultural Cooperative of
Bonito county and those on temperature and relative hu-
midity by the use of athermo-hygrometer (Prestol]).

Satistical analysis- The frequency of capture by site
was obtained by Williams geometric mean (Haddow 1960).

For the abundance calculation, the data used were
those of the captures carried out during at |east one year,
between January 1998 and January 2000.

The standardised index of species abundance (SISA)
was cal culated in accordance with Robertsand Hsi (1979).

The x2test (N = 10) or binomial test (5< N < 9) was
used for the comparison between the number of insects
captured during the same period at two different sites, as
al so between the number of femal es captured on humans
at different seasons.

The estimates of diversity were obtained using
Shannon’sindex (H) and that for evenness Pielou’sindex
(J) (Hayek & Buzas 1997). The species nomenclaturefol-
lows Galati (2003).

RESULTS

With the four methods of capture used, atotal of 5137
sand flies, belonging to 23 species, were captured: Bi-
chromomyia flaviscutellata, Brumptomyia avellari,
Brumptomyia brumpti, Brumptomyia cunhai,
Evandromyia corumbaensis, Evandromyia lenti,
Evandromyia sallesi, Evandromyia teratodes,
Evandromyia termitophila, Lutzomyia almerioi,
Lutzomyia longipalpis, Martinsmyia oliveirai,
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Micropygomyia acanthopharynx, Micropygomyia
peresi, Micropygomyia quinquefer, Migonemyia
bursiformis, Nyssomyia whitmani, Pintomyia kuscheli,
Psathyromyia aragaoi, Psathyromyia campograndensis,
Psathyromyia punctigeniculata, Psathyromyia shan-
noni, and Sciopemyia sordellii.

Twenty-two species and 1822 phlebotomines (43.1%
malesand 56.9% females) were captured in the 22 ecotopes
(13 on the western and 9 on the eastern sides) sampled
with automatic light traps (N total = 761), giving an aver-
age of only 2.4 phlebotomines per trap; 1.3 on thewestern
and 3.8 on the eastern sides (Tables|, 111).

Thefaunaof the western side consisted of 15 species,
three of them Bi. flaviscutellata, E. teratodes, and E. lenti,
being captured only on the S&o Carlosfarm and Br. avellari
on the Balsamo do Rio Perdido farm. Lu. almerioi, the
most frequent species on the Serra da Bodoquena, was
not captured at either the most northerly or the most south-
erly localities, in the Corumbé and Jardim counties, re-
spectively. In 4 of the ecotopes, only 1 or 2 species were
captured; and in the others, the number of speciesvaried
from 5 to 8, with the ecotone of the Sdo Carlos farm pre-
senting the highest diversity (H = 1.94) and the second
highest evenness (J=0.93) indexes; theinverse (H = 1.85;
J=0.95) occurred on the small farm 123. The lowest in-
dexes occurred in the seasonal deciduous sub-mountain-
ousforest of the B4 samo do Rio Perdido farm (Tablel).

On the eastern side the fauna consisted of 20 species.
Br. cunhai, E. sallesi, and Mi. acanthopharynx were cap-
tured only on the Pitangueiras farm and Pi. kuscheli at
Lago Azul. With the exception of the ecotope in Bo-
doquena county in which afew captures were made, the
number of species varied from 6 to 15; the two highest
diversity and evenness indexes occurred on the ground
level of the gallery forest of Pitangueiras (H = 1.96; J =
0.85) and in the ecotone of the Anhumas (H = 1.91; J=
0.92) farms. Thelowest diversity and evennessindexes (S
=1.29; J=0.48) were obtained on the ground level of the
ecotoneon Pitangueirasfarm (Tablelll).

Of the 22 species captured with automatic light traps,
10 contributed with 95.4% of the specimens: Lu. almerioi
(42.2%), N. whitmani (18.7%), Lu. longipalpis(12.7%), E.
corumbaensis (5.4%), Ma. oliveirai (4.8%), Mi.
quinquefer (4.3%), Ps. shannoni (3%), S sordellii (1.8%),
Mi. peresi (1.3%), and Pi. kuscheli (1.2%). On the west-
ern and eastern sides the respective contributions of these
species were: Lu. almerioi (10.5; 55.6%), N. whitmani
(40.5; 9.5%), Lu. longipalpis (13.4; 12.4%), E. corum-
baensis (9.8; 3.5% ), Ma. oliveirai (4.6; 4.9%), Mi.
quinquefer (0; 6.1%), Ps. shannoni (7.2; 1.3%), S. sordellii
(4.1; 0.8%), Mi. peresi (0; 1.9%), and Pi. kuscheli (3.9;
0.08%). So, only Lu. longipalpis and Ma. oliveirai had
similar frequencies on both sides (Tablesl, 11).

The frequencies of phlebotomines obtained by Will-
iams' average are presented by locality for the western
sidein Table Il and those for the eastern sidein Table1V.

The average per capture on the eastern side was 2.4
times higher than that on the western side. On this | atter
side, the seasonal deciduous sub-mountainous forest of
Bélsamo do Rio Perdido farm presented the highest value
and the two extreme points of theridge that were sampled,
Corumba and Jardim counties, the lowest.
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The comparison between the total sand flies captured
at aparticular pointinrelation to that of each of the others
during asimultaneous period for the western and eastern
sidesisgivenin TablesV and VI, respectively. The two
points with the greatest respective numbers of phle-
botomines captured during simultaneous periods on the
western and eastern sides were in the seasona decidu-
ous sub-mountainous forest on the Balsamo do Rio
Perdido farm (N = 182) and the ecotone of the Pitangueiras
farm (N = 238), showing astatistically significant differ-
ence (P < 0.01) between them.

The SISA for each side separately and for both to-
gether are presented in Table VI1I. Of the 22 species cap-
tured with automatic light traps, only six are included as
more abundant, at least on one of the sides. None of them
was among the most abundant on both sides. When all
the ecotopes were taken together, N. whitmani came first
intheranking.

The seasonal distribution of the phlebotomines (all

Sand flies in forests of Bodoquena = Eunice AB Galati et al.

species) at those points with captures in all the seasons
of 1998 and 1999, on the western (Guai curus nucleus) and
eastern (Pitangueiras farm and Anhumas nucleus) sides
isshowninFig. 2.

The highest total frequencies, considering all the spe-
cies captured over the two years, were observed in the
summer, on both the western and eastern sides, the high-
est values occurring on this latter.

The monthly rain distribution in Bonito county, from
June 1997 to December 1999, and of the monthly average
of the1981-1999 periodispresented in Fig. 3. During seven
months of 1998, the rains exceeded the average for the
period from 1981-1999, but in 1999 the rains occurred prac-
tically only during the summer.

Twelve specimens belonging to five species of sand
fly were captured by aspiration in the forests. The distri-
bution of species according to resting site, number of
specimens, sex and females dissected (d) is: BAsamo do
Rio Perdido farm, under rocksand intheir fissuresin sea-

TABLEIV

Williams' average of both sexes of the phlebotomines captured in forested environments on the eastern slope of the Serrada
Bodoquena between January 1998 and January 2000

County Bodoguena Bonito Total
Locality Pitangueirasfarm Anhumas nucleus

FazendaAnhumas LagoAzul S.Miguel

Vegetation Seas. Dec. Ecotone: Gallery forest Ecotone: Ecotone:  Ecotone:

Subm.  forested savannah/ forested savannah/  forested  forested

Species Sesas. Dec. Sub. Sesas. Dec. savannah/  savannah/

Seas. Dec.  Seas. Dec.

Levd Ground Canopy Ground Canopy Ground Canopy Ground Ground Canopy

N. of captures 3 42 43 36 36 45 45 45 a4 339
Br. avellari - 0.04 - - - 0.04 - 0.08 0.02 0.027
Br. brumpti - - - - 0.02 - 0.03 0.05 0.02 0.014
Br. cunhai - - 0.02 - 0.04 - - - - 0.006
Br. sp. - 0.04 - 0.02 - - 0.02 0.02 - 0.012
E. corumbaensis - 0.07 0.17 0.03 0.06 0.02 0.05 0.10 0.13 0.078
E.salles - - 0.02 - 0.04 - - - - 0.006
E. teratodes - - 0.02 - - 0.02 - - - 0.004
E. termitophila - 0.03 0.02 0.02 0.02 0.02 - - 0.02 0.014
Lu. almerioi 16.02 155 1.82 0.09 0.08 - 0.05 0.47 0.36 0.472
Lu. longipalpis 0.26 0.22 0.15 - - - 0.03 031 0.12 0.101
Ma. oliveirai 2.78 0.20 0.32 - 0.07 - - 0.03 0.09 0.040
Mi. acanthopharynx - - 0.02 - - - - - - 0.002
Mi. peresi 0.59 0.07 0.19 - - 0.02 - - - 0.038
Mi. quinquefer - 0.42 0.46 - 0.02 0.05 0.06 0.03 - 0.117
N. whitmani 0.26 0.22 0.28 0.18 0.18 0.12 0.10 0.26 0.04 0.170
Pi. kuscheli - - - - - - - 0.02 - 0.002
Ps. aragaoi - - - - - - - - 0.03 0.004
Ps. campograndensis - - 0.02 - - 0.02 - - - 0.004
Ps. punctigeniculata - - - - - 0.02 - - 0.02 0.004
Ps. shannoni - - 0.02 - - - 0.02 0.11 0.07 0.027
S sordellii - 0.02 0.03 0.02 0.04 - - 0.05 0.02 0.021
Tota 25.23 2.98 4.18 0.37 054 0.30 0.33 1.50 0.93 1.154

Seas. Dec. Subm.: seasonal deciduous sub-mountainous forest; Seas. Dec.: seasona deciduous forest; Br. sp. damaged females,
probably belong to one of the species of Brumptomyia cited above. Br. sp. damaged femal es; probably belong to one of the species
of the Brumptomyia cited above; Br: Brumptomyia; E: Evandromyia; Lu: Lutzomyia; Ma: Martinsmyia; Mi: Micropygomyia; Pi:

Pintomyia; Ps: Psathyromyia; S: Sciopemyia.
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sonal deciduous sub-mountainous forest - Brumptomyia
sp. 1 female (d), E. corumbaensis 1 male, Lu. almerioi 1
female (d), and Lu. longipalpis 1 male; Guaicurus Settle-
ment: small farm 121, treetrunks- Lu. longipalpis2 males,
small farm 123, under rocks and in their fissures - Lu.
longipalpis 2 males; Pitangueiras farm, around the cave
mouth (tree trunks and exposed roots) - Lu. almerioi 2
females (2 d) and Anhumas nucleus, around the S&o
Miguel cave (under rocks and in their fissures) - Lu.

Sand flies in forests of Bodoquena = Eunice AB Galati et al.

almerioi 1 female and Mg. bursiformis 1 male. Threefe-
males of Lu. almerioi and one of Br. sp. were dissected
and gave negative results for infection by flagellates.

A total of 2109 specimens, 84.02% of them femalesand
representing fifteen species, were captured in Shannon
traps(Table VII1). Of thistotal, Lu. almerioi predominated
absolutely with 82.2% of all males and 93.2% of all fe-
mal es. Of thefemal es dissected, Lu. almerioi contributed
92.6%. Of a total of 901 females dissected from the

TABLEVI

Total number of phlebotomines captured during simultaneous period by locality on the eastern slope of the Serra da Bodoguena
and statistical significance of the comparisons between the ecotopes

Pitangueirasfarm Anhumas Nucleus
Anhumasfarm LagoAzul S. Miguel
fam
Ecotone Gallery forest Ecotone Ecotone Ecotone
Canopy Ground Canopy Ground Canopy Ground Ground Canopy
N (P) N (P) N (P) N (P) N (P) N (P N (P N (P
239 428 (@) 20 (@) 22 (@) 229 ) 771 Q)
428 20 (@) 22 @ 229 @ 7 Q)
159 (1) 333 2 8 6 ) 16 ) 20 4) 214 @ 2 (1
159 (1) 333 (@) 8 ) 6 16 4 20 @) 214 (@) 2 (1
@ 8 ?3) 6 2 21 22 ) 276 @ 74 (1)
2 8 Q) 6 2 21 ) 22 276 @ 74 (1)

276 74 (1)

Each value of the column was compared with that in bold type on the respective line (1) P< 0.001; (2) P<0.01; (3) P<0.02; (4) P

< 0.05; (-) not significant at the 5% level.

TABLEVII

Standardised index of species abundance (SISA) for phlebotomines captured with automatic light trapsin forested areas of the
Serrada Bodoquena, over at |least one year, in the period from January 1998 to January 2000

Species Overall Western side Eastern side
SISA Position SISA Position SISA Position

Bi. flaviscutellata 0.024 19th 0.019 13th - -
Br. avellari 0.127 11th 0.019 13th 0.271 9th
Br. brumpti 0.192 9th 0.130 9th 0.214 11th
Br. cunhai 0.111 12th 0.125 10th 0.083 13th
E. corumbaensis 0.657 2nd 0.563 3rd 0.698 3rd
E. lenti 0.048 16th 0.125 10th - -
E. salles 0.032 17th - - 0.083 13th
E. teratodes 0.054 15th 0.105 11th 0.078 14th
E. termitophila 0.159 10th - - 0.292 8th
Lu. almerioi 0.561 4th 0.375 4th 0.818 2nd
Lu. longipalpis 0.607 3rd 0.649 1st 0.474 5th
Ma. oliveirai 0.323 6th 0.188 7th 0.438 6th
Mi. acanthopharynx 0.004 20th - - 0.010 17th
Mi. peresi 0.077 13th - - 0.203 12th
Mi. quinquefer 0.208 8th - - 0.547 4th
N. whitmani 0.736 1st 0.596 2nd 0.870 1st
Pi. kuscheli 0.127 11th 0.164 8th 0.031 16th
Ps. aragaoi 0.024 19th - - 0.062 15th
Ps. campograndensis 0.030 18th - - 0.078 14th
Ps. punctigeniculata 0.071 14th 0.043 12th 0.099 12th
Ps. shannoni 0.341 5th 0.288 5th 0.250 10th
S sordellii 0.302 7th 0.197 6th 0.328 7th

Br: Brumptomyia; E: Evandromyia; Lu: Lutzomyia; Ma: Martinsmyia; Mi: Micropygomyia; Pi: Pintomyia; Ps: Psathyromyia; S

Sciopemyia.
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Fig. 2: seasonal distribution of the phlebotomines (all species) at
those points with captures in all seasons of 1998 and 1999, on the
western (Guaicurus nucleus) and eastern (Pitangueiras farm and
Anhumas nucleus) sides of the Serra da Bodoquena.
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Fig. 3: monthly distribution of rainfall in Bonito county, from June

1997 to December 1999 and of the monthly average of the 1981-
1999 period.

Pitangueiras farm, suprapylarian infection by flagellates
was found in two. Some of these flagellates, though ob-
served in the residuum of the slides submitted to testing
with monoclonal antibodies, did not react to any avail-
ableantibody, evento L 1 that permitstheidentification of
Leishmania sp. So therate of natural infection by flagel-
lates found by dissection was 0.22% for the Pitangueiras
farm and 0.14% when al the environments sampled are
taken into consideration.

The total number of phlebotomines captured by hu-
man attractivenesswas 1194, 95.6% in front of the mouth
of the Pitangueiras cave (Table 1X) and 4.4% in forest
close to the C.C.I cave in the urban area of Bodoquena
county (Table X). Five species, Lu. almerioi, Ma. oliveirai,
N. whitmani, Mi. peresi, and Ps. punctigenicul ata, were
attracted. On the Pitangueirasfarm, the mal esrepresented
0.96% of the total of specimens attracted whileat C.C.1.
their frequency was 11.3%.

In both areas, Lu. almerioi predominated, on
Pitangueirasfarm with 96.6% and in Bodogquenacity with
90.6%. Its highest frequency occurred during the sum-
mer, when 46% and 37.5% of the specimens, respectively,
were captured. Its intermediate frequency was observed
during the spring, on Pitangueiras 31.7% and in Bodoguena

185

31.3%. Though less frequent, Lu. almerioi was captured
in considerable numbers in the seasons with very dry
periods on Pitangueiras and in low numbers during the
autumn in Bodoguena. The predominance in summer in
relation to each of the other seasonswas significant (P <
0.01) on Pitangueiras, but in Bodoquena, the significant
difference (P < 0.05) occurred only in relation to the au-
tumn.

The second most frequent species in both areas was
N. whitmani, on Pitangueiras 3.2% and in Bodoguena
3.8%; as well as Ps. punctigeniculata at the latter. N.
whitmani on Pitangueiras farm predominated in the win-
ter, but without any significant difference (at the 5% level)
from the autumn. In Bodoquenaonly two specimenswere
captured in the winter.

On the Pitangueiras farm, of the 1093 females of Lu.
almerioi captured, 70.1% were dissected and only one of
them was found to be infected by flagellates, observed
only in the mid gut, giving a 0.13% rate for infection by
flagellates. Theidentification of theflagellateswas made
by the monoclonal antibody (AcMc) test with the resi-
dues fixed on the slides. A weak reaction to AcMc B12,
that usually reactsto Leishmania (Miannia), was detected.
The culture was contaminated and the hamster did not
develop any clinical manifestation of leishmaniasis dur-
ing 6 months of observation. Of the 35 females of N.
whitmani captured, 34 were dissected with negative re-
sults, just as for the two females of Mi. peresi dissected.

In the forest of Bodoquena city, 89.4% of the 47 fe-
males captured belonged to Lu. almerioi. Practically all
the femal es were dissected, but none of them was found
to be infected by flagellates, precisely as occurred with
thetwo females of N. whitmani and Ps. punctigenicul ata
and the one of Ma. oliveirai.

Thenictemeral rhythm of females of Lu. almerioi cap-
tured on the Pitangueirasfarm and al so the local tempera-
ture and relative humidity (except for that of the autumn)
are presented in Figs 4 and 5. The interval with highest
frequencies varied throughout the seasons. The peaks
occurred ever earlier as the rainy season approached. In
all seasons the nocturnal activity began close to dusk,
when adiscreetly higher frequency occurred, though less
highin thedrier periods (autumn and winter), and extend-
ing until the morning peak, in such away that when the
nictemeral rhythm was obtained by the geometrical aver-
age (Fig. 5), two very clear peaks of activity could be
identified, one close to dusk and another at dawn. About
dawn, thefrequencieswererelatively high until 9:00 am.
Theminimal activity occurred between midday and 4:00
p.m.

For the Lu. almerioi population of Bodoquena city,
activity is practically restricted to the nocturnal period,
thegreatest activity occurring between 5:00 and 11:00 p.m.
with asingle short peak from 7:00- 8:00 p.m.

Females of N. whitmani were also attracted by hu-
mans on the Pitangueirasfarm between 6:00 p.m. and 2:00
am., with the Williams' average (females/h) by interval
being: 18-19h(0.57), 19-20h (1.14), 20-21 h (1.55), 21-22h
(0.86), 22-23 h (0.18), 23-0 h (0), 0-1 h (0.50), and 1-2 h
(0.18).
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TABLE IX

Number of phlebotomines captured in 24 h, on humans bait, once in each season, in forest, in front of the mouth of the
Pitangueiras cave, Bonito county, and dissected females (d)

Season Autumn Winter Spring Summer Total
Species sx M F (d) M F (d) M F (d) M F (d) M F (d)
Lu. almerioi 2 134(119) 2 107(95) 4 346(255) & 1 506(307) 9 1093(776)
Ma. oliveirai - - - - 1 - - - 1 -
Mi. peresi - - - - - 1(1) - 1(2) - 2(2)
N. whitmani 1 14(14) - 20(19) - - - 1(2) 1 35(34)
Total 3 148(133) 2 127(19) 5 347(256) 1 508(309) 11 1130(812)

a: one female with flagellates in the mid gut, captured between 6:00 am. and 7: 00 am; Lu: Lutzomyia; Ma: Martinsmyia; Mi:
Micropygomyia; N: Nyssomyia.

TABLE X

Number of phlebotomines captured in 24 h, on humans, once in each season, in forest close to the C.C.I. cavein the urban area of
the Bodoguena county, and dissected females (d)

Season Autumn Winter Spring Summer Total
Species &% M F (d) M F (d) M F (d) M F (d) M F (d)
Lu. almerioi - 3(2) 1 11(11) 5 10(9) - 18(18) 6 42(40)
Ma. oliveirai - 1(2) - - - - - - - 1(1)
N. whitmani - - - 2(2) - - - - - 2(2)
Ps. punctigeniculata - - - - - - - 2(2) - 2(2)
Total - 4(3) 1 13(13) 5 10(9) - 20(20) 6 47(45)

Lu: Lutzomyia; Ma: Martinsmyia; N: Nyssomyia; Ps: Psathysomyia.
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Fig. 4: hourly frequency of Lutzomyia almerioi captured on humans, once a season in the period from June 1998 to February 1999, by
environmental temperature and relative humidity (except in autumn) in forest in front of the Pitangueiras cave mouth, Bonito county.
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Fig. 5: average of the hourly frequency of Lutzomyia almerioi captured on humans once a season (March 1999 - December 1999) in forest
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county.

DISCUSSION

First, the results of the captures undertaken on the
Guaicurus Settlement nucleus to describe the phle-
botomines of afocus of canine visceral and human cuta-
neous | eishmaniases have already been published (Galati
et al. 2003b) and they have been included here for analy-
sis within the wider context of the fauna of the Serra da
Bodoquena as awhole.

The captureswith automatic light traps, although yield-
ing only meagreresults, provided afuller picture of amore
extensive area over a period of one to two years at fort-
nightly intervals. So of the 23 speciesfound on the Serra
da Bodoquena, 22 were captured by this technique. The
density obtained in this present study is not very differ-
ent from that of the forested areas, using the same tech-
nique, as occurred on the Serrade Maracaju (3.6 insects/
trap) (Galati et a. 1996), the vegetation of whichisclosely
similar to that of the Serra da Bodoguena and also to that
of Campo Grande city (1.02 insectg/trap) (Oliveiraet al.
2003), both situated in the state of Mato Grosso do Sul
(MS), aswell asintheAtlantic vegetation domain of S&o
Paulo, situated in theriver basin of the Ribeira de Iguape
(4.4 insectgtrap) (Domingos et a. 1998). On the other
hand, thisdensity (i.e., of 2.4 insects/trap) is much lower
than that observed in the Amazon forest in the northern
region of Mato Grosso (ca. 60.0 insects/trap in preserved
and degraded areas) (Azevedo et a. 2002). It isalso much

inferior to that obtained in the 12 caves sampled on the
SerradaBodoguena (62.8 insects/trap) (Galati et al. 20033).

Thefrequenciesobtained by theWilliams' averagefor
each specieson thewestern side (Tablell) presented simi-
lar rankings to those obtained directly from the percent-
ages (Tablel). Onthe eastern side, there were differences
(Tables I11, 1V): N. whitmani, Mi. quinquefer, and E.
corumbaensis came higher in the ranking; the inverse
occurring with Lu. longipalpis and Ma. oliveirai, indi-
cating for these two latter a lesser regularity in the cap-
tures.

On the western side, except for the seasonal decidu-
ous sub-mountainous forest of the Badlsamo do Rio
Perdido farm, the densities of phlebotominesinitsforests
were generally very low, just asin the caves on this same
side (Galati et al. 2003a). However, in the forests on the
Trés Coxilhasfarm ahigher diversity was observed than
that for Gaucho's cave. Whereasthe diversity in Cezario’s
cave (Galati et al. 2003a) was greater than that in theforest
of small farm 121, situated near thislatter cave.

In the seasonal deciduous sub-mountainous forest
the ecotope of the Balsamo do Rio Perdido farm, where N.
whitmani predominated (Tablel), the significantly greater
number (P < 0.001) of sand flies captured simultaneously
as compared with those captured at other points (Table
V) is remarkable. At the Guaicurus nucleus, no statisti-
caly significant difference (at the 5% level) was observed
between the Salobréo farm and the small farms 121 and
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123, nor between these latter; however, N. whitmani pre-
dominated intheformer while on theselatter, Lu. almerioi
and Lu. longipalpis were practically equally dominant
(Tablel). Onthe other hand many moreinsectswere cap-
tured (P < 0.001) at these three points than at the two
points on the S&o Carlos and the Figueirafarms. At one of
the most northerly points only Lu. longipal pis was cap-
tured and at the southermost this species predominated,
thus showing itswide distribution, athough not predomi-
nant throughout all the areas. The Williams' averages
(Table 11) show E. corumbaensis, Lu. almerioi, Lu.
longipalpis, and N. whitmani alternating in their predomi-
nance throughout the areas.

As regards the ecotone vegetation, no difference (at
the 5% level) was found between canopy and ground
level on the Trés Coxilhas farm nor between these points
and that on the S&o Carlos farm; however, at these three
points a greater number of sand flies (P < 0.001) were
captured than on the Figueira farm. All these areas are
distant from any peridomiciliary environment, where do-
mestic animal shelters may act asan attraction factor, and
the difference between them may be attributed to the veg-
etation that is less dense on this | atter.

At the Guaicurus nucleusin the canopy and at ground
level of the Trés Coxilhasfarm ecotoneasignificant small
number of sand flies (P < 0.05) were captured as compared
with the three in the seasonal deciduous sub-mountain-
ous forest (Salobréo farm and small farms 121 and 123)
and also at one point in the gallery forest of the Salobré&o
farm. The proximity of the peridomicile to the seasonal
deciduous sub-mountainousforest of thetwo small farms
as well as of the ecotopes of the Salobréo farm would
seem to explain these differences.

In the extreme areas sampled on the western side of
the Serra da Bodoquena, on the S&o Carlos farm (north)
and Figueira farm (south), where captures were under-
taken from February 1999 to January 2000 and presented
low returns, these latter were perhaps affected by the low
rainfall during the greater part of this period since, in the
other areas where captures were made during 1998 and
1999, a considerable reduction in the Williams’ average
for al the specieswas observed in thislatter year, mainly
on the eastern side (Figs 2, 3).

On the S&o Carlos farm, despite the small number of
specimens captured, the area of ecotone presented agreat
number of species, henceits high diversity and evenness
indexes and it was the only site at which E. lenti and Bi.
flaviscutellata were captured. Thislatter speciescallsfor
special attention sinceit isthe main vector of Leishmania
(Le.) amazonensis, the aetiological agent of one of the
most serious forms of the cutaneous leishmaniasis dis-
tributed throughout most of South America (Lainson &
Shaw 2005). The recent detection of this parasitein afo-
cusof thediseasein BelaVista, alocality situated closeto
the southern limits of the Serra da Bodoquena (Fig. 1),
where this sand fly has also been captured (Dorval et al.
2005), is noteworthy. Perhaps, had the present authors
used Disney traps, as Dorval et a. (2005) did, the cap-
tures of thisrodontophilic specieswould have been more
numerous and their presence morewidely spread. So these
findsin north and south suggest that this species may be
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dispersed throughout the Serra da Bodoquena.

Neither of thetwo areas of gallery forest inthemiddle
region of the western slopes showed any statistically sig-
nificant difference as regards the total number of speci-
mens captured simultaneously, though Lu. almerioi was
captured on the Salobréo farm but not on the Balsamo do
Rio Perdido farm. The other species: E. corumbaensis, Lul.
longipalpis, S. sordellii, and Pi. kuscheli were common
to both areas, with the latter predominating in the former.
Thenumerical predominance of Pi. kuscheli over the other
species occurred exclusively on the Salobréo farm; how-
ever, itsgeometrical average was not the highest, indicat-
ing no regularity initscaptures. Of al the 12 caves sampled
on the SerradaBodoquena, only in Cezério’s cave on the
small farm 121 was this species (described from Bolivia)
captured (Galati et al. 2003a).

On the eastern side, considering only those sites with
one year of capture or more, the lowest averages were
observed for canopy and ground on the Anhumas farm
and the highest for canopy and ground level in the eco-
tone between forested savannah/seasonal deciduous sub-
mountainousforest on the Pitangueirasfarm. In thislatter
area, in both canopy and at ground level, Lu. almerioi
was the most frequent species, the averages being, re-
spectively, 3.7 and 4.0 times higher than those for Mi.
quinquefer, the second in the ranking. In the ecotones
closetothe LagoAzul and S. Miguel caves, Lu. almerioi
a so predominated but itsfrequency in relation to the 2nd
in the ranking, was, respectively, 1.5 times higher than
that of Lu. longipalpis and 2.8 times that of E.
corumbaensis.

On the Pitangueirasfarm and at the Anhumas nucleus
the canopy and the ground level of areas with and with-
out caves were sampled. In the former area the averages
of canopy and ground level of the ecotone’s forested ar-
eas closeto the cave, were, respectively, 8.0and 7.7 times
higher than in the gallery forest. In the ecotones of the
Anhumas nucleus, the averages for the canopy located
close to the S&o Miguel cave and ground level close to
the Lago Azul cave were, respectively, 3.1 and 4.5 times
higher than those for the Anhumas farm, with no
neighbouring cave.

The total of phlebotomines captured at ground level
in the ecotone of the Pitangueiras farm was statistically
significantly higher (P < 0.001) than those for the other
points, including that of the canopy of this same eco-
tone; however, neither ground level nor canopy of the
two other points sampled (gallery forest of the
Pitangueiras farm and the ecotone of the Anhumas farm)
presented any statistically significant differences for the
respective areas (Table V).

The captures in the canopy of the ecotones of the
Pitangueirasfarm and on the ground level closeto that of
the Lago Azul cave represented the second and third high-
est frequencies, respectively, and showed no statistically
significant differences (at the 0.5% level) between them,
though they were significantly different from that of the
canopy on the S&o Miguel farm, the fourth in frequency.

The greatest frequenciesin thetotal of phlebotomines
captured both on the ground level and in the canopy in
front of the Pitangueiras cave were certainly influenced
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by the proximity of this latter, which also presented the
highest values found in the eleven caves sampled for at
|east one year, with Lu. almerioi, which breeds mainly in
caves, contributing 97.5% of the specimens captured there
(Galati et al. 20034). Though at alower density thaninthe
cave, this species contributed with 67% of the specimens
captured at ground level and 60.1% of thosein the canopy
of this forested ecotone.

The ecotone surrounding the Lago Azul cave pre-
sented a higher frequency than that surrounding the S&o
Miguel cave, whereas the opposite occurred inside the
respective caves (Galati et al. 2003a). However, inthefor-
est of S&o Miguel though giving a lower return than the
two other areas with caves, i.e. Pitangueiras and Lago
Azul, the captures made during the simultaneous period
were greater and statistically more significant (P< 0.001)
than those of the Anhumas farm (Table V1) with no cave;
thus the caves seem to have influenced the phlebotomine
density on this side of the Bodoquena ridge positively,
mainly by virtue of the presence of Lu. almerioi, which
had the highest geometric averages in both forested ar-
eas.

The species E. sallesi, E. termitophila, E. teratodes,
Ps. campograndensis, and Ps. shannoni were capturedin
the forest in front of the mouth of the Pitangueiras cave;
Pi. kuscheli intheforest surrounding the Lago Azul cave;
E. termitophila and Ps. aragaoi in the forest on the Sao
Miguel farm, but no specimen of thefirst three speciesor
of Ps. aragaoi was captured inside these caves (Galati et
al. 2003a).

The abundances of the species observed in the for-
ests also differed from those found in the caves of the
Serra da Bodoquena. Thus, in the caves, Lu. almerioi
was the most abundant on both western and eastern sides
(Galati et a. 2003a), whereasin the forestsit was among
the four most abundant species, though Lu. longipalpis
and N. whitmani presented, respectively, the highest in-
dexes in the forests on the western and eastern sites.
When both sides were considered together this latter
species was the most abundant, followed by E.
corumbaensis, as in the caves. This latter was the pre-
dominant speciesin acavesituated in Corumbacity (MS)
(Galati et al. 1997) but presented low abundance in
Corguinho, located on the Serrade Maracaju (Gal ati et al.
1996).

The high abundance of N. whitmani (Table VII) has
also been observed in other forested areas and in domes-
ticanimal sheltersin the Northeastern, Midwestern, South-
eastern, and Southern regions of Brazil aswell asin Para-
guay where this species has been considered the most
important vector of cutaneous leishmaniasis (Pessba &
Coutinho 1941, Vexenat et a. 1986, Hashiguchi et al. 1992,
Queirozetd. 1994, Galati etd. 1996, Luz et al. 2000, Teodoro
etal. 1991, Souzaet a. 2002, Dias-Limaet d. 2003, Leonardo
& Rebélo 2004). So the overwhelming predominance of
this species in both seasonal deciduous sub-mountain-
ous and gallery forests on the Balsamo do Rio Perdido
farm (Tablesl, Il) is perhaps due to the proximity of these
two areas to the corral and pig pen which seem to influ-
ence the density of the species positively, since these
shelters may act as artificial resting sites for the sand
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flies, or attract females to take their food from cattle and
pigsaswell asto find males for mating; the aspiration of
Lu. longipalpis males in a significantly greater number
than that of the females on domestic animal baits of
Guaicurus Settlement (Galati et al. 2003b) seemsto cor-
roborate this point of view.

Lu. longipalpis, the main vector of American visceral
leishmaniasis, the most abundant in the captures with
automatic light traps on the western side and the third
most numerous when both sides are considered together,
is a species whose high density is associated with de-
graded environments though it generally occurs in low
densitiesin preserved seasonal deciduous sub-mountain-
ousforest (Galati et al. 1996) or in savannah (Lainson &
Rangel 2003). So the absence of this species from the
seasonal deciduous sub-mountainous forest of the
Salobrédo farm, though it was found in small numbersin
the neighbouring gallery forest, domestic animal shelter
and intradomicile (Galati et a. 2003b), may beattributed to
the lesser degradation of the native vegetation surround-
ing the points sampled, due to the difficult accessto this
area. Conversely, on the Guaicurus Settlement, this spe-
ciesiswell adapted to the peridomicile (Galati et a. 2003b).
Further, the spread of the visceral leishmaniasiswhichis
transmitted by thissand fly inlarge urban centres, mainly
ontheoutskirts (Gontijo & Melo 2004), seemsto corrobo-
rate the hypothesis of its adaptation to degraded areas.
Consequently, as the forests on the Bodoquena range
generally present ahigh level of degradation aswell asa
predominance of ecotonesintermediate between forested
savannah and seasonal deciduous sub-mountainous veg-
etation with many rocky outcrops and loose stoneswhich
provide favorable conditions for the immature forms of
this species, its abundance may have been considered
predictable. Lu. longipalpis was captured only rarely by
Shannon traps and was not attracted by humans at al in
this present study. However, in an experiment on the at-
tractiveness of domestic animals aswell as of humans, it
was captured only rarely on these latter asit greatly pre-
ferred the pig, followed by the horse, chicken, dog, and
sheep, inthat order (Galati et al. 2003b).

Ps. shannoni, although it was the fifth most abundant
in the automatic light traps when both sides of the ridge
are taken into consideration, was not attracted by hu-
mans, whereas in Corguinho (M S) its prevalence on this
bait was of 2% (Galati et al. 1996). It is one of the most
widespread species in the forests of the Americas and
has been described as anthropophilic in the Brazilian
Northeast region (Vexenat et a. 1986, Queiroz et al. 1991),
being the only anthropophilic species in Louisiana, US
(Mascari 2005). This species has been found naturally
infected by flagellatesin several countries of Central and
South America and there is evidence of its activity as a
vector of the vesicular stomatitisvirus, New Jersey sero-
type, in Georgia, US(Young & Duncan 1994). Hencethese
differencesin behaviour may indicate distinct taxa.

The Shannon diversity index (H) for the western and
eastern sideswas, respectively, 1.95 and 1.63 and the even-
ness index (J) 0.72 and 0.54 (Tables I, I11). The highest
density found on the eastern side (2.4 times higher than
that of the western side) and the high frequencies of Lu.
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almerioi (55.6%) certainly influenced, respectively, its
smaller diversity and evenness indexes.

Thelowest return ratesfor the forests of the Anhumas
farm certainly contributed to the highest evenness index
and the second highest diversity index, this latter being
inferior only to that of the gallery forest (ground) of the
Pitangueiras farm which also presented low density.

Distinct morphological patternsof rocks (Aradjoetal.
1982) reflected in the predominant types of vegetation
seem to be among the factors which account for the dif-
ferences in the density and diversity observed between
the western (15 species) and eastern sides (20 species).
Thus, on the western side among the sampled areas, the
seasonal deciduous sub-mountainous forest was predomi-
nant while on the eastern side the ecotones between this
type of vegetation and forested savannah or low-lying
seasonal deciduous forest/forested savannah were more
numerous. In these ecotones, soils deeper than those of
the seasonal deciduous sub-mountainous forests pre-
dominate, being covered with a higher vegetation which
protects them from the sun’s rays, and probably, present
a greater quantity of organic matter that favours more
numerous resting and/or breeding places for the sand fly
species. Furthermore, the capturesat 7 of the 11 pointson
the western side had only been undertaken during one
year and at 5 of them only during a shorter period of
drought, as may be observed in Fig. 3.

Aspiration also added few specimens - 12 phle-
botomines for atotal of 102.5 h (0.12 insects/h) - but re-
sulted in the capture of a specimen of Mg. bursifomis (=
Mg. bayti, according to Galati 2003); thus enlarging our
knowledge of the phlebotomine fauna of the Serra da
Bodoquena, and also in the capture of one specimen of
Lu. almerioi, on the B samo do Rio Perdido farm. Poor
results were also obtained with this technique in some of
the caves on the SerradaBodoguena (Galati et al. 2003a).

The highest density of Lu. almerioi with human at-
tractiveness occurred during spring and summer, i.e., in
moister periods, just aswas observed for the caves (Gal ati
et al. 2003a). As regards the temperature and relative hu-
midity, it was not possible to obtain these data for the
autumn. For the other seasons, during the winter the tem-
peraturefell and therelative humidity rose during the early
morning, being most marked between 5:00 and 8:00 am.,
coinciding with the activity peak of the females. On the
other hand, when the sun rose, the temperature was not
much different from that of the summer but the relative
humidity was lower, probably because the leaves of the
treeshad fallen, permitting full incidence of the sun’srays,
thus causing the disappearance of the females. During
the spring the variations of temperature and relative hu-
midity were not so clearly perceptible and in the summer
thislatter was high practicaly all the time, coming close
to 100% during the best part of the period, the peak only
occurring at dawn. Hence these data suggest that, apart
from the temperature and the humidity, the intensity of
the sunlight actsasarelevant microclimatic parameter for
the displacement and haematophagic activity of the Lu.
almerioi females.

For N. whitmani, the only nocturnal haematophagic
activity and predominance in the drier season (autumn
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and winter) were also observed in Corguinho, M S (Gal ati
et d. 1996). The capturesduring autumn, winter, and spring
occurred closeto thefirst quarter of the lunar phase, and
that of the summer, two days after the full moon, sowitha
higher intensity of moonlight than those in the other sea-
sons. Thus, in these circumstances the higher frequen-
ciesin autumn and winter seem to be more dependent on
some climatic factors than the intensity of the moonlight
with which N. whitmani and N. intermedia populations
from Rio de Janeiro presented significant positive corre-
lation (Souzaet al. 2005).

Though the use of human attractiveness is not nor-
mally ethically acceptable, the high degree of anthro-
pophily and diurnal activity of one of the most frequent
sand fly species in the region, which had not been de-
scribed before the beginning of this project, was held to
justify it for this specific project particularly because the
human bait used were voluntary members of the author
team.

Lu. almerioi, just as on humans, predominated abso-
lutely in the captures with Shannon traps. Its infection
rate among the femal es captured on humans (0.13%) and
in the Shannon traps (0.22%), both on the Pitangueiras
farm, was close to that observed in some foci of cutane-
ousleishmaniasis (Pessba & Coutinho 1941, Hashiguchi
etal. 1992, Galati et al. 1996, L uz et al. 2000), but lower than
that for visceral leishmaniasis (Santos et al. 1998).

Though in this study the identification of the flagel-
lateswas not possible, in amore recent study of the fauna
of the Guai curus Settlement, among the 1395 femal es (be-
longing to Lu. almerioi, Lu. longipalpis, and N. whitmani)
dissected, the presence of flagellates was observed in
three Lu. almerioi (Savani et al. 2005). These females
were submitted to the polymerase chain reaction (PCR)
and 15 pools were found to be positive for Leishmania
DNA. The DNA of Leishmaniainfantum chagasi and that
of Leishmania (Viannia) sp. were detected in Lu. almerioi
andin Lu. longipalpis. Inthislatter sand fly, beyond these
two parasites mentioned, Leishmania (Le.) amazonensis
was aso found (Savani et al. 2005).

In summary, the study undertaken in the forests of the
Serra da Bodoquena, most of them surrounding caves
which were also sampled, presented faunavery similar to
those of these latter. However Bi. flaviscutellata, Mg.
bursiformis, and E. lenti were captured in the forested
areas but not found in the caves, the opposite occurring
for the species Brumptomyia galindoi and Sciopemyia
sp. (Galati et al. 2003a). Thusthe phlebotomine faunafor
the ridge consists of 25 species.

Generdly, in the forested areas of the Serra da Bo-
doquena the captures made with automatic light traps
presented lower densities than those found in the caves
and produced smaller returns, though afew traps closeto
the caves rendered alarger number of insects.

The difference between the diversity of the western
(15 species) and eastern sides (20 species) may reflect the
species’ geomorphological distribution and also the fact
that 7 of the 13 points on the western side were sampled
only during oneyear while almost all of those on the east-
ern side were sampled during two complete years. Fur-
thermore, the one-year sampling at 5 of the points oc-
curred during adrought.
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Of all the species captured in the forests of the Serra
da Bodoquena, four call for especial attention: Lu.
longipalpis, the main vector of Le. infantum chagasi, as
one of the most abundant on both the western and east-
ern sides, in which natural infection by this parasite, as
well as by Le. amazonensis and Le. (Miannia) sp., was
recently identified in a focus of visceral canine and hu-
man cutaneous leishmaniasis on thisridge; Lu. almerioi,
in which natural infection by Le. infantum chagasi and
Le. (V.) sp. wasasoidentified in this same focus (Savani
et a. 2005); N. whitmani, the most abundant throughout
theridge, and the main vector of Le. braziliensisin other
areas and Bi. flaviscutellata, a known vector of Le.
amazonensis. However Lu. almerioi deserves special at-
tention due to its high anthropophily and diurnal
haematophagic activity, neither of which characteristics
isfoundin Lu. longipalpis, and its high density and natu-
ral infection by flagellates. Thus its behaviour suggests
its participation as vector of the agent of both visceral
and cutaneous | ei shmaniases on the Serrada Bodoquena.
However, it isnecessary to demonstrateits vectorial com-
petence by experimental transmission. Further, Lu.
almerioi, with one of the highest densities, mainly on the
eastern side, may also cause bother to inhabitants and
people who visit the area, due to its anthropophily, pain-
ful bite and diurnal activity.
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