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Triatoma guasayarend two putative cryptic species pertainindtsordidacomplex (named groups
1 and 2) occur in sympatry in the Bolivian Chaco. Using multilocus enzyme electrophoresis and subse-
guent genetic analysis, our work assesses their population distribution and dispersal capacity in domestic,
peridomestic, and silvatic environments. Our collections by light trap in the silvatic environment indicated
a predominance ofl. guasayanandT. sordidagroup 2 and a lesser abundancebfsordidagroup 1 €
10% of the total of captures). Their similar distribution in two silvatic areas 80 km apart supports the
hypothesis of their homogeneous dispersal through the Bolivian Chaco. The distribufioguaisayana
andT. sordidagroups 1 and 2 was similar between silvatic environment and peridomestic ecotopes where
25% of positive places was occupied by two or three species. Bromeliads were confirmed as favorable
shelter forT. guasayanhut were free ofT. sordidaT. sordidagroup 1 and to a lesser ext@htguasayana
would be more invasive vectors for houses thasordidagroup 2. The spatial partition in the three
species sampled in two distant sites suggested a reduced dispersive capacity.

Key words:Triatoma sordida Triatoma guasayanadistribution - population genetics - multilocus enzyme
electrophoresis - Bolivia

Triatoma sordidaStal andT. guasayana that they could play a significant role in the trans-
Wygodzinsky and Abalos are silvatic triatominemission ofTrypanosoma cruzthe agent of Chagas
species known from a wide variety of naturabisease, particularly after the eradicationTof
ecotopes. They are also particularly prevalent imfestansfrom the domestic environmefiDias
peridomestic habitats and have been increasingly@88, Schofield 1994).
reported from houses (Forattini 1980, Diotiaiuti et Recent studies have shown that the vectorial
al. 1993, Wisnivesky-Colli et al. 1993, Noireau esignificance ofT. sordidawould be considerably
al. 1996). The two species are considered closelgss than previously thought (Noireau et al. 1997).
related because they are morphologically very simNevertheless, the ability of. sordidaandT.
lar, their distribution overlaps throughout north-guasayando colonize artificial ecotopes and their
ern Argentina and parts of the Chaco region iwide distribution lead to keep attentive (Schofield
Bolivia and Paraguay, they occupy a comparabl&994, Gajate et al. 1996).
variety of ecotopes and interspecific crossings can Multilocus enzyme electrophoresis (MLEE) is
occur experimentally (Usinger et al. 1966,a powerful tool to distinguish among sympatric
Pietrokovsky et al. 19945chofield 1994). The related species (Thorpe & Solé-Cava 1994), as it
analysis of available epidemiological data suggests the case of. sordidaandT. guasayanavhose

immature stages are hard to discriminate (Garcia
et al. 1995, Noireau et al. 1998). Recently, genetic
studies have shown a high level of differentiation
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and vectorial capacity, additional studies shouldion, a previous entomological survey performed
take their distinct population subdivision into con-at Izozog showed that 86% of houses were infested.
sideration. The current study was focused on secondary
Considering that the eradicationTofinfestans triatomine species, mainly. sordidaand T.
would provide a unique epidemiological opportuguasayanalnsects were collected in natural envi-
nity for secondary species, we combined ecologronment, peridomestic areas, and domestic struc-
cal observations ofi. guasayanandT. sordida tures from August 1994 to October 1996. During
in the Bolivian Chaco with MLEE and geneticthe dry season, light collections were performed at
analysis in order to assess their population distrihe site of La Choza and in the forest surrounding
bution and dispersal capacity in domesticthe locality of 1zozog. The light system consisted
peridomestic, and silvatic environments. of a vertical white cloth simultaneously illuminated
MATERIALS AND METHODS by a 12-V fluoresc_ent black Ii'ght tube and a 150-
i . ~V mercury vapor light. The light trap was oper-
Study areas The field work was carried out in ated for four nights at La Choza and two at 1z0zog.
the phytogeographic region of the Chaco, in th@rtificial peridomestic structures, principally kitch-
southern part of the Department of Santa Crugns, were investigated at 1zozog. Triatomine bugs
Bolivia. The main environmental characteristics OfNere collected from furniture and waste C|othing
this semi-arid region are: (i) 300-600 m altitudejeft on the branch pen. Bromeliads located in the
(i) a mean temperature of 26°C, (iii) an averaggicinity of houses at Izozog and the close silvatic
annual rainfall of about 600 mm and (iiii) a markecnvironment were searched for the presence of
seasonality, with a dry season from March to Ogriatomines. Lastly, a collection of triatomines (0.5
tober and a wet season the rest of the year. TRgan/hr) was carried out in 42 houses of 1zozog.
first surveyed area was La Choza (18°34'516"S;  Processing of insectsThe collected insects
62°40'108"W), an isolated site located on the wayyere placed in plastic bottles containing filter pa-
to Izozog. The area is covered by a dense and thigkr and transported to the laboratory. The morpho-
vegetation (elevation 4-6 m) of hardwood treeggical separation of adults was performed accord-
dominated byRuprechtia triflorawith emerging  ing to Lent and Wygodzinsky (1979). Samples were
trees up to 12 m highAgpidosperma quebracho- examined for flagellates by direct microscopic
blancqg Chorisia insignis..). In the lowest stratum opservation of feces droplets at 400x magnifica-
thorn shrubs, bromeliads and cacti predominatgon. In addition feces aliquots obtained from most
The second study area, 1zozog and its surroundiggthe positive insects were stored at -20°C for sub-
forest (19°30'509"S; 62°33'639"W), is located 80 sequent confirmation df. cruziinfection by poly-
km south from La Choza and inhabited by the stabl@erase chain reaction (PCR) amplification, accord-
Chiriguano Izozo ethnic group. Dwellings areing to Breniére et al. (1995).
mainly of wattle and daub construction and roofed |spenzyme electrophoresisElectrophoretic
with straw. The peridomestic structures located Snalyses were performed in order to discriminate
10 m from houses are mainly kitchens: a rudimersmong nymphal instars and adultsTofsordida
tary furnished premise consisting of mud-overyroups 1, 2, andl. guasayanas well as for popu-
surrounded by a branch pen. The absence of cleajition genetics studies. All insects alive on arrival
defined peridomestic structures for domestic anio the laboratory were processed. The technique
mals is typical of this area. In particular, there is as performed on cellulose acetate plates (Helena
virtual-absence of chicken coops with ChiCkenﬁaboratorieS, Beaumont, TX) Thoracic muscle
roosting in trees at night. The density of bromeliwas dissected from each insect and processed for
ads Bromelia serraand, to a lesser exterB,  electrophoresis as described by Noireau et al.
hieronym) was assessed in the peridomestic arqaggg). The following seven enzyme systems were
since they are abundant around houses and Wef€sayed: aspartate aminotransferase (EC 2.6.1.,
already identified as wild biotopesbfguasayana GOT); glucose-phosphate isomerase (EC 5.3.1.9.,
in the Argentinean Chaco (Wisnivesky-Colli et al.Gp|): isocitrate dehydrogenase (EC 1.1.1.42.,
1997). Twenty-five squares (2x2 m) were randomlypHy; leucine aminopeptidase (EC 3.4.11.1., LAP);
distributed on the left and right side of a 100 nmalate dehydrogenase (EC 1.1.1.37., MDH); malic
long transect. All bromeliads located inside eacBnzyme (EC 1.1.1.40., ME); and phosphogluco-
square were counted. The forest surroundingyutase (EC 2.7.5.1., PGM). The zymograms cor-
Izozog is similar as that above mentioned but cactigsponding to seven locG6t, Gpi, Idh1, Idh2,
bromeliads and shrubs are more scattered and thgp2 Me1, andPgm) provided a reliable identifi-
canopy is lower (8 m for emerging trees). cation ofT. sordidaandT. guasayanaAlso fixed
Collection of triatomines With regard toT.  genetic differences dtlh2 and Mdh2 loci were
infestans the main domiciliated vector in this re-ysed for distinguishing. sordidagroups 1 and 2
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(Noireau et al. 1998). Although sordidagroup 2 presented in Table I. The survey of 42 houses at
has not still received formal nomenclatural recogizozog showed thal. sordidaandT. guasayana
nition as a new species, it will be considered asere uncommonly found indoors. Only sevEen
putative species in this work. sordida(four scored for the group 1 and three for
Data analysis- Genetic and spatial structurethe group 2) and sik. guasayanadults were col-
of triatomine populations and subpopulations wakected. At 1zozog, 48 peridomestic artificial
investigated. Genetic interpretation was based atotopes positive for triatomines, mostly waste
previous description af. sordidaandT. guasayana clothing, were studied. According to their relative
variability (Noireau et al. 1998). For the analysisasbundanceT. sordidagroup 2 prevailed over.
of spatial subdivision of populations, only twoguasayanaandT. sordidagroup 1 (55.4%, 37%
possible alleles were taken into account: the moanhd 7.6% of total capture, respectively). Thirty-
frequent one, and all other ones plotted together aix positive ecotopes were occupied by a single
a unique allele. Analysis was performed irspecies (75%) when 12 contained two or three spe-
triatomines issued from areas of 1zozog (silvaticies (25%)T. sordidagroup 2 occupied 62.5% of
and domestic/peridomestic populations) and Lpositive ecotopes followed by. guasayana
Choza (silvatic populations), using Nei’'s F statis{54.2%) and’. sordidagroup 1 (12.5%). One hun-
tics analysis (Nei 1987). Fit and Fis measure th@gred and thirty-nine bromeliad8romelia serra
departure from panmixia of individuals relative toandB. hieronymii located in the vicinity of houses
the total population and its subpopulations, respeerere dissected and 12 (8.6%) were positive for
tively. Fst measures the gene frequencies diffetriatomines (19 nymphal instars and two adults
ences among subpopulations. collected). The genetic characterization of insects
RESULTS demonstrated that all positive plants were infested
by T. guasayanaTlhe bromeliad density was 9.9 +
Distribution of Triatominae The distribution 4.5 p|ants/4 rAiwhen 96% of units Surveyed had
of species, according to collecting site and ecotopg plant; the average number of triatomines per posi-
and characterized by electrophoretic analysis i§/e bromeliad was 1.7. The 49 plants investigated

TABLE |
Distribution of Triatomaspecies according to collecting area and ecotope

Collecting Ecotope Species No. of nymphs No. of adults  Total of triatomines
area captured (%) captured (%) captured (%)
Light traps in T. sordidagroup 1 0 3(7.2) 3(7.2)
natural T. sordidagroup 2 0 29 (69.0) 29 (69.0)
environment T. guasayana 0 10 (23.8) 10 (23.8)
Total 0 42 42
Peridomestic T. sordidagroup 1 2 (5.6) 7 (8.4) 9 (7.6)
artificial T. sordidagroup 2 24 (66.7) 42 (50.6) 66 (55.4)
structures T. guasayana 10 (27.7) 34 (41.0) 44 (37.0)
Total 36 83 119
1zozog
Peridomestic T. sordidagroup 1 0 0 0
bromeliads T. sordidagroup 2 0 0 0
T. guasayana 19 (100) 2 (100) 21 (100)
Total 19 2 21
Domestic T. sordidagroup 1 0 4 (30.8) 4 (30.8)
structures T. sordidagroup 2 0 3(23.1) 3(23.1)
T. guasayana 0 6 (46.1) 6 (46.1)
Total 0 13 13
T. sordidagroup 1 2(3.6) 14 (10.0) 16 (8.2)
Total of T. sordidagroup 2 24 (43.6) 74 (52.9) 98 (50.3)
ecotopes T. guasayana 29 (52.8) 52 (37.1) 81 (41.5)
Total 55 140 195
Light traps in T. sordidagroup 1 0 12 (10.3) 12 (10.3)
La Choza natural T. sordidagroup 2 0 55 (47.5) 55 (47.5)
environment T. guasayana 0 49 (42.2 49 (42.2)
Total 0 116 116
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in the silvatic environment were negative. Light Genetic structure and spatial partition of popu-
collection performed at Izozog showed the followdations- The distribution of genotypes in the three
ing distribution of triatomine specie$: sordida species according to the site of collection is showed
group 2 predominated (69%) followed Ay in the Table Ill. Fis test did not detect departure
guasayang23.8%) and’. sordidagroup 1 (7.2%). from panmixia of individuals relative to the differ-
With regard to La Choza, light collections showednt subpopulations (Table 1V). For the total popu-
thatT. sordidagroup 2 and. guasayang47.5% lations, Fit detected departure from panmixia for
and 42.2%, respectively) prevailed broadly over. sordidagroup 1 Pgm andT. guasayana
T. sordidagroup 1 (10.3%). The relative distribu-(Mdh1). On the other hand, the total population of
tion of species did not differ significantly betweenT. sordidagroup 2 was in equilibrium at the three
collections performed in both silvatic areasanalyzed loci. The Fst, which measures the gene
(P=0.051, Fisher’s exact test). At 1zozog, the disfrequencies differences among subpopulations,
tribution of species was similar between light coldetected spatial partition for the three species at at
lections and peridomestic ecotopBs@.263). On least one locus.
the other hand, their distribution showed signifi—_ DISCUSSION
cant differences between samples from domestic
and peridomestic structureB=0.015) as well as  T. sordidais an epidemiological problem in
between adults collected in domestic and silvatigeveral countries of the Southern Cone because it
environmentP=0.006). The paired comparison ofhas a wide range of silvatic ecotopes but can also
the number of insects of each species collected farm large populations in peridomestic habitats and
light traps and those found in domestic structure€adily recolonize sprayed houses when residual
showed thafl. sordidagroup 1, and to a lesserinsecticide activity ends (Garcia-Zapata & Marsden
extentT. guasayanawere re|ative|y more abun- 1992, DIOtaIUtI et aI 1993) In several .regions of
dant thar. sordidagroup 2 inside houses. Bolivia, the infestation of houses Bysordidamay
Infection rate of triatominesResults are sum- be considered as primary, i.e. not consequent upon
marized in Table II. Adults of the three species dighe eradication of. infestangNoireau et al. 1995,
persing by flight showed similar trypanosome in1996). Regarding. guasayanat presents a simi-
fection rates (data from lzozog and La Choz#r adaptation to artificial habitat in a more reduced
pooled). In artificial structures, the only signifi-area. In the Argentinean Chaco at Santiago del
cant difference was detected betw§eguasayana Estero, it colonizes bromeliads (fOUf species In-
andT. sordidagroup 2 (23.3%s3.8%;P<0.01). cluding B. serrg, cacti, logs and tree cavities
The three species showed similar infection ratgyVisnivesky-Colli et al. 1997). Colonies are also
when we compared silvatic and artificial ecotopedound in the peridomicile, specially in branch pens
The PCR technique performed on the positive fevhich include cacti and bromeliads in their struc-
cal samples confirmed that triatomines were actiure, where this triatomine feeds on domestic ani-
ally infected byT. cruzi(visualization of a band at mals (Gajate etal. 1996). In that afBaguasayana
270 bp, Breniére et al. 1995). invades houses and domestic collections contain
Isoenzymatic variability Of the seven systems dispersive females that fed on humans
tested, three were variable forguasayangGOT, (Wisnivesky-Colli et al. 1993).
MDH and PGM), two foff. sordidagroup 1 (MDH As demonstrated by Noireau et al. (1998), the

and PGM) and three far. sordidagroup 2 (IDH, Bolivian Chaco is characterized by the occurrence
MDH and PGM). in sympatry of two cryptic species pertainingito

TABLE Il
Trypanosoma crunfection rate according to the species and ecotope

Ecotope Species No. examined No. positive (%)
T. sordidagroup 1 3 0
Silvatic T. sordidagroup 2 23 1(4.3)
environment T. guasayana 11 1(9.1)
Total 37 2(5.4)
Peridomestic T. sordidagroup 1 12 2 (16.7)
and domestic T. sordidagroup 2 52 2 (3.9
ecotopes T. guasayana 43 10 (23.3)
Total 107 14 (13.1)
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TABLE llI
Genotypes in the three speciesidhtomaaccording to the site of collection
Especie Site Pgm Mdh1 IdhiGot?
ala a/N N/N ala a/N N/N ala a/N N/N
T. sordida 1zozog (S) 2 1 0 2 1 0
group 1 I1zozog (PD + D) 6 5 2 5 7 1
Total 1zozog 8 6 2 7 8 1
La Choza (S) 12 0 0 3 3 0
Izozog + La Choza 20 6 2 10 11 1
T. sordida 1zozog (S) 26 3 0 20 7 2 3 16 10
group 2 Izozog (PD + D) 52 11 3 38 25 2 15 34 15
Total 1zozog 78 14 3 58 32 18 50 25
La Choza (S) 47 8 0 19 7 0 8 32 14
Izozog + La Choza 125 22 3 77 39 4 26 82 39
T. guasayanadzozog (S) 10 0 0 5 3 1 5 4 1
Izozog (PD + D) 62 7 0 37 25 3 36 14 6
Total 1zozog 72 7 0 42 28 4 41 18 7
La Choza (S) 35 12 1 10 10 7 34 11 2
Izozog + La Choza 107 19 1 52 38 11 75 29 9

a/a: homozygotes for the prevailing allele; a/N: heterozygotes between the prevailing allele and any other one; N/N:
homozygotes for alleles other than the prevailing one; S: silvatic environment; PD: peridomestic artificial structures
and bromeliads; D: domestic structurastdhl for T. sordidagroup 2 andsot for T. guasayana

TABLE IV

F statistics at polymorphic loci amoifigatoma sordidagroup 1,T. sordidagroup 2 and. guasayand&rom the
areas of 1zozog (silvatic and peridomestic/domestic populations) and La Choza (silvatic populations)

Pgm Mdh1 IdhiGot?
Fis Fit Fst Fis Fit Fst Fis Fit Fst

T. sordidagroup 1 0.329 0.4% 0206 -0.138 -0.035 0.091
T.sordidagroup2 ~ 0.103  0.121  0.020 0.006 0.024 0.018 -0.133 -0.112 0.182
T. guasayana 0.008 0.079 007 0153 0288 0.15¢ 0.041 0.061 0.021

a: Idhlfor T. sordidagroup 2 andsot for T. guasayanab: P < 0.05;c: P < 0.01;d: P < 0.001.

sordidacomplexin addition toT. guasayanaThe peridomestic structures. A study carried out in the
absence of hybrid forms detected by isoenzym&rgentin Chaco (Wisnivesky-Colli et al. 1993)
analysis between these species confirms their reensidered thal. guasayangredominated over
productive isolation in nature (Noireau et al. 1998)T. sordidain light collections and among adults
Contrary to other regions of Bolivia wheifle flying into houses, placind. guasayanas the
sordidagroup 1 is domiciliated, any of these spemain potential substitute @t infestansNeverthe-
cies form domestic colonies in the Chaco. Th&ess, the characterization ©f sordidapopulation
intradomiciliary presence of important colonies ofaccording to the group was not studied at that time.
T. infestangrobably prevents their process of colo-Our results seem to indicate tfatsordidagroup
nization here, a fact also observed by Gajate et dl.and to a lesser extelt guasayanavould be
(1996) in Santiago del Estero, Argentina. In addimore invasive vectors for houses tharsordida
tion, the three species form numerous colonies igroup 2. The similar distribution of the three spe-
peridomestic ecotopes where they occur frequentties collected by light trap at Izozog and La Choza,
in association. 80 km apart, supports the hypothesis of their ho-

If the relative distribution of triatomine speciesmogeneous distribution through the Bolivian
collected by light trap at 1zozog is representativ€haco. If we consider that the three species have a
of their abundance in silvatic environment (comeomparable attraction to light, our collectings in-
parable attraction to light), the three species wouldicate a lesser abundanceTosordidagroup 1 in
present a comparable potential of settlement ithe Bolivian Chaco.
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Bromeliads were classically considered as PCR diagnosis and strain typing Bfypanosoma
ecotope tdl. sordida(Lent & Wygodzinsky 1979) cruziin bolivian triatominesAm J Trop Med Hyg
until Wisnivesky-Colli et al. (1997) found 22% of _ 53 179-184.
bromeliads infested BY. guasayanin Argentina. Dias JCP 1988. Controle de vetores da doenca de Chagas

... ho Brasil e risco de reinvaséo domiciliar por vetores
These plants seem to be favorable shelter, particu secundériosvlem Inst Oswaldo Crig3: 387-391.

'ﬁ”y in the V'Cf'.”'ty O.fﬁhouses' and the f.ozcmer AUpiotajuti L, Loiola CF, Falcdo PL, Dias JCP 1993. The
thors did not find difference between infestation  gc|0gy offriatoma sordidan natural environments

rates of bromeliads located either in the forest or in two different regions of the State of Minas Gerais,

in the peridomicile. The high density of plants and  Brazil. Rev Inst Med Trop S PauBs: 237-245.

their infestation rate by triatomines in theForattini OP 1980. Biogeografia, origem e distribuicio

peridomestic environment of both Bolivian and da domiciliagdo de triatomineos no BraBiev Sal

Argentin Chaco lead us to point out their signifi- PUblS Paulo 14265-299.

cance for the vector control of Chagas disease. Forattini OP, Rocha e Silva EO da, Ferreira OA, Rabello
T. guasayangr. sordidagroup 1, and.. sordida EX, Pattoli DGB 1971. Aspectos ecoldgicos da

group 2 were found infected By cruziin collec- tripanossomose americana. lll. Dispersédo local de

tions made with liaht trap as well as in artificial struc- triatomineos, com especial referénciaTaatoma
: withfignttrap as w Inarncial Sruc- o 4iga Rev Sad Pabl S Pauh 193-205.

tures. The domestic occurrence in the Velasco argajate PP, Bottazi MV, Pietrokovsky SM, Wisnivesky-
of infectedT. sordidagroup 1 does not allow for — “co|li C 1996. Potential colonization of the

consideration of this species as efficient vectdr.of  peridomicile byTriatoma guasayangHemiptera:
cruzito humans (Noireau et al. 1997). The vectorial Reduviidae) in Santiago del Estero, Argentihisled

capacity ofT. sordidagroup 2 and’. guasayands Entomol33; 635-639. _
unknown. The higf. cruziinfection rate detected Garcia BA, Canale DM, Blanco A 1995. Genetic struc-
in domestic/peridomesti€. guasayanat 1z0zog ture of four species diriatoma(Hemiptera: Redu-
supports its potential vector role. viidae) from Argentinal Med EntomoB2 134-137.

arcia Zapata MTA, Marsden PD 1992. Control of the
transmission of Chagas’ disease in Mambai, Goias,
Brazil (1980-1988)Am J Trop Med Hyd®6: 440-

The enzymatic study performed on these thre®
triatomine species confirms the variability of loci
previously evidenced (Noireau et al. 1998). Gen-
erally, the observed allelic frequencies with MLEG gt H, Wygodzinsky P 1979. Revision of the
are not influenced by selective factors (Nei 1987). Triatominae (Hemiptera, Reduviidae), and their sig-
Moreover, current studies of intraspecific cross- nificance as vectors of Chagas dise8s# Am Mus
ing would allow to know if genes are really inde-  Nat Hist163 125-520.
pendent. These cautions considered, we can cd¥ei M 1987.Molecular Evolutionary Genetic€olum-
template the existence of spatial partition in th(gI oi?ézuug'vgéigfgeﬁi’ 'E‘:Z‘:‘;;;%%‘, sszeﬁgfriaJ Vargas
three species detected by the Fit test which sug* ' : o ! .
gests their reduced dispersive capacity. In spite of T amacho C, Yaksic N, Bregle(ng 1995. S3|’.'V.at'c
its ability to fly, T. sordidagroup 2 seems to be triatomines (Hemiptera: Reduviidae) in Bolivia.

. . Trends towards domesticity and possible infection
restricted to the Chaco because the characteriza-

) 3 . o with Trypanosoma cruzfKinetoplastida: Trypa-
tion of T. sordidapopulations from other Bolivian nosomatidae)) Med Entomo82: 594-598.

regions and Brazil always indicates their relationNoireau F, Breniére F, Cardozo L, Bosseno MF, Vargas F,
ship with the group 1 (Noireau et al. 1998). Itslim-  Peredo C, Medinacelli M 1996. Current spread of
ited distribution would be explained by (i) its close  Triatoma infestanat the expense dfiatoma sordida
dependence to the Chaco ecosystem and/or (ii) a in Bolivia. Mem Inst Oswaldo Crul: 271-272.
limited passive dispersion. The last hypothesis fJoireau F, Breniere F, Ordofiez J, Cardozo L, Morochi

strengthened by the fact that sordidagroup 1 W, Gutierrez T, Bosseno MF, Garcia S, Vargas F,
was only detected in bird-nests of this area Yaksic N, Dujardin JP, Peredo C, Wisnivesky-Colli

. . . . C 1997. Low probability of transmission dfypa-
(Noireau, unpublished data); the passive transport | * ° < 10 humans by domiciliaryriatoma

of nymphs of this species among the feathers of sqgigain Bolivia. Trans R Soc Trop Med Hyaj:
birds, demonstrated by Forattini et al. (1971), g53-656.
would be an explanation to its wider distribution.Noireau F, Gutierrez T, Zegarra M, Flores R, Breniére
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