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Abstract We supply information about hosts and distribution of Amblyomma dubita-
tum. In addition, we carry out an analysis of genetic divergence among specimens of
A. dubitatum from different localities and with respect to other Neotropical Amblyomma
species, using sequences of 16S rDNA gene. Although specimens of A. dubitatum were
collected on several mammal species as cattle, horse, Tapirus terrestris, Mazama
gouazoubira, Tayassu pecari, Sus scrofa, Cerdocyon thous, Myocastor coypus, Allouata
caraya, Glossophaga soricina and man, most records of immature and adult stages of
A. dubitatum were made on Hydrochoerus hydrochaeris, making this rodent the principal
host for all parasitic stages of this ticks. Cricetidae rodents (Lundomys molitor, Sca-
pteromys tumidus), opossums (Didelphis albiventris) and vizcacha (Lagostomus maxi-
mus) also were recorded as hosts for immature stages. All findings of A. dubitatum
correspond to localities of Argentina, Brazil, Paraguay and Uruguay, and they were
concentrated in the Biogeographical provinces of Pampa, Chaco, Cerrado, Brazilian
Atlantic Forest, Parana Forest and Araucaria angustifolia Forest. The distribution of
A. dubitatum is narrower than that of its principal host, therefore environmental variables
rather than hosts determine the distributional ranges of this tick. The intraspecific genetic
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divergence among 16S rDNA sequences of A. dubitatum ticks collected in different
localities from Argentina, Brazil and Uruguay was in all cases lower than 0.8%, whereas
the differences with the remaining Amblyomma species included in the analysis were
always bigger than 6.8%. Thus, the taxonomic status of A. dubitatum along its distri-
bution appears to be certain at the specific level.

Keywords Amblyomma dubitatum - Distribution - Biogeography - Hosts -
Genetic divergence - 16S rDNA sequences

Introduction

Amblyomma dubitatum Neumann, 1899 is a South American tick species (Guglielmone
et al. 2003a) extensively named as Amblyomma cooperi Nuttall and Warburton, 1908 and,
in a lesser extent as Amblyomma lutzi Aragdo, 1908, a name considered to have priority to
A. cooperi according to Santos Dias (1958). Amblyomma ypsilophorum Schulze, 1941 was
found to be a synonym of A. cooperi by Fonseca and Aragdo (1952). However, Camicas
et al. (1998) stated that A. dubitatum has priority to all previous names, which was con-
firmed by the study of Estrada Pefia et al. (2002). Thus, it is accepted currently that
A. cooperi, A. lutzi and A. ypsilophorum are synonymous of A. dubitatum.

Immature and adult stages of A. dubitatum were recorded feeding on Hydrochoerus
hydrochaeris and, in a much lesser extent, have been mentioned as parasites of other large
mammals as Tapirus terrestris and cattle (Barros-Battesti et al. 2006; Guglielmone and
Nava 2006). Also, there are some records of A. dubitatum biting humans in Brazil and
Uruguay (Guglielmone et al. 2006), although the role of A. dubitatum as vector of humans
diseases is undetermined. In fact, Rickettsia belli and Rickettsia parkeri (strain COOPERI)
have been detected in A. dubitatum ticks in Brazil (Labruna et al. 2004a), but the patho-
genicity to humans of these agents is actually unknown.

With the aim of supply information on ecological preferences and natural hosts for both
immature and adults stages of A. dubitatum, in this work we present and analyze data on
host-range and distribution in relation to the biogeography of A. dubitatum. Also, because
sequences of 16S rDNA mitochondrial gene are useful molecular markers to supplement
and confirm the conventional determination of ticks based on morphological characters
(Nava et al. 2009a), we carry out an analysis of divergence in partial sequences of 16S
rDNA gene belonging to specimens of A. dubitatum collected in different localities and to
other Neotropical Amblyomma species, in order to demonstrate that A. dubitatum ticks
from different areas can be placed in the same specific taxon.

Materials and methods

The data on distribution and hosts of A. dubitatum used in this study were obtained on a
appraisal of the scientific literature, and from unpublished records of ticks deposited in the
following tick collections: Argentina: Instituto Nacional de Tecnologia Agropecuaria,
Estacion Experimental Agropecuaria Rafaela, Santa Fe (INTA), and Facultad de Ciencias
Veterinarias, Universidad Nacional del Litoral, Santa Fe (FAVE); Brazil: Cole¢do Nac-
ional de Carrapatos da Faculdade de Medicina Veterinaria e Zootecnia, Universidade de
Sao Paulo, Sdo Paulo (CNC); Uruguay: Departamento de Parasitologia Veterinaria, Fac-
ultad de Veterinaria, Montevideo (DPVURU). The collections localities were plotted and
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analyzed according to the biogeographic provinces described by Morrone (2006). The
adults ticks identification was carried out by using the taxonomic keys of Guglielmone and
Vinabal (1994) and Barros-Battesti et al. (2006), and the larvae and nymphs were identified
following the descriptions of Joan (1930) and Estrada Pefia et al. (2002), respectively. In a
few cases stated below, species identification of immature ticks was carried out by rearing
the collected larvae or nymphs to the adult stage in the laboratory, and then taxonomic
identification of the resultant adults was performed.

Specimens of A. dubitatum from Argentina (Arroyo Ayui, Corrientes: 28°16'S
56°18'W; Reserva Horco Molle, Tucumdn: 26°48’S 65°19'W), Brazil (Sdo Paulo, Sio
Paulo: 23°35'S 46°39'W; Estacao Ecoldgica Taim, Rio Grande do Sul: 33°26’S 53°16'W)
and Uruguay (Rincon da Vassoura, Tacuarembé: 31°15’S 56°03'W; Rio San José, Flores:
33°57'S 56°50'W) were used for DNA extraction and polymerase chain reaction (PCR)
amplification as described by Mangold et al. (1998). The amplified DNA was purified
using Wizard SV Gel and PCR Clean-Up (Promega®) according to the manufacturer’s
protocol, and the purified PCR products were employed to carry out the sequences of circa
420-bp fragment of the mitochondrial 16S rDNA gene. The sequences were edited and
aligned using the BioEdit Sequence Alignment Editor (Hall 1999) with the CLUSTAL W
program (Thompson et al. 1994), and they were compared to each other and with those of
Amblyomma deposited in the GenBank. A pairwise estimate of percent sequence diver-
gence was determined using Mega version 4.0 (Tamura et al. 2007).

Results

Most records of immature and adult stages of A. dubitatum were made on H. hydrochaeris,
while other mammals belonging to different orders as cattle, horse, 7. terrestris, Mazama
gouazoubira, Tayassu pecari, Sus scrofa, Cerdocyon thous, Myocastor coypus, Allouata
caraya, Glossophaga soricina and man appear to be occasional hosts for this tick
(Table 1). Larvae and nymphs of A. dubitatum were also collected on Didelphis albi-
ventris, Didelphis aurita, Lagostomus maximus and Cricetidae rodents (Lundomys molitor,
Scapteromys tumidus), and there is a report of a nymph on the flightless ratite bird Rhea
americana in Brazil (Table 1).

All findings of A. dubitatum were restricted to localities of Argentina, Brazil, Paraguay
and Uruguay (Table 1), and they were concentrated in the Biogeographical provinces of
Pampa, Chaco, Cerrado, Brazilian Atlantic Forest, Parana Forest and Araucaria angusti-
folia Forest, with the only exception of the records of Ilha de Maraj6 (Para, Brazil) and
Margens Rio Guaporé (Mato Grosso, Brazil), which correspond to Amapa and Pantanal
provinces, respectively (Fig. 1). The localities and hosts corresponding to a record of
A. dubitatum in Bolivia (Squire 1972; Keirans and Brewster 1981) were not specified by
the authors, and Vogelsang and Cordero (1940) also mentioned the presence of A. du-
bitatum in Venezuela, although this record should be considered carefully because Jones
et al. (1972) could not confirm the presence of this tick species in spite of revising many
samples from H. hydrochaeris in this country. Consequently, we do not include Bolivia
and Venezuela in the distribution of A. dubitatum.

The intraspecific genetic divergence among 16S rDNA sequences of A. dubitatum ticks
collected in different localities had a maximum difference of 0.8% and a minimum dif-
ference of 0.0%, whereas the differences with the remaining Amblyomma species including
in the analysis were always bigger than 6.8% (Table 2). The nucleotide divergence
between the 16S rDNA sequence of the nymph from Uruguay collected on Scapteromys
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Fig. 1 The known distribution of Amblyomma dubitatum (closed circle) across the Biogeographic
provinces of South America outlined by Morrone (2006). (1) Maracaibo; (2) Venezuelan Coast; (3) Trinidad
& Tobago; (4) Magdalena; (5) Venezuelan Llanos; (6) Cauca; (7) Western Ecuador; (8) Arid Ecuador; (9)
Tumbes-Piura; (10) Napo; (11) Imeri; (12) Guyana; (13) Humid Guyana; (14) Roraima; (15) Amapa; (16)
Varzea; (17) Ucayali; (18) Madeira; (19) Tapajos-Xingu; (20) Para; (21) Pantanal; (22) Yungas; (23)
Caatinga; (24) Cerrado; (25) Chaco; (26) Pampa; (27) Monte; (28) Brazilian Atlantic Forest; (29) Parana
Forest; (30) Araucaria angustifolia Forest; (31) North Andean Paramo; (32) Coastal Peruvian Desert; (33)
Puna; (34) Atacama; (35) Prepuna; (36) Coquimbo; (37) Santiago; (38) Juan Fernandez Islands; (39) Maule;
(40) Valdivian Forest; (41) Magellanic Forest; (42) Magellanic Paramo; (43) Malvinas Islands; (44) Central

Patagonia; (45) Subandean Patagonia
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tumidus in Rio San José (GenBank accession number: GU301912) and those of adults of
A. dubitatum was in all cases lower than 0.5%, supporting the standard morphological
identification.

Discussion

As was expected according to previous bibliographical information, the data obtained in
this study showed that the principal host for all parasitic stages of A. dubitatum is the
capybara H. hydrochaeris, while other large mammals such as cattle, horse, 7. terrestris,
M. gouazoubira, S. scrofa and T. pecari only have a minor role as feed resource for this
tick species. In this way, H. hydrochaeris can sustain the complete cycle of A. dubitatum.
Considering that opossums and small and medium sized-rodents are important hosts for the
immature stages in the life cycle of Neotropical Amblyomma species as Amblyomma ovale
(Guglielmone et al. 2003b), Amblyomma maculatum (Barker et al. 2004), Amblyomma
tigrinum (Nava et al. 2006), Amblyomma parvum (Nava et al. 2008a), Amblyomma triste
(Venzal et al. 2008) and Amblyomma fuscum (Martins et al. 2009), the findings of larvae
and nymphs on opossums (D. albiventris and D. aurita), Cricetidae rodents (L. molitor;
S. tumidus) and the Chinchillidae rodent L. maximus, indicate that these small and medium-
sized mammals could be alternative hosts for the immature stages of A. dubitatum.
However, it is necessary to carry out ecological studies to evaluate if the interrelationship
between those mammals and the preimagos of A. dubitatum is occasional or has some
degree of relevance for the life cycle of this tick.

The results of this study show that this tick is associated to a restricted South American
area that includes the Biogeographical provinces of Pampa, Chaco, Cerrado, Brazilian
Atlantic Forest, Parana Forest and Araucaria angustifolia Forest, with most records present
in the north-east of Argentina, south-east of Brazil, east of Paraguay and north half of
Uruguay. Taking into consideration that H. hydrochaeris is distributed from Venezuela and
Colombia to Uruguay and northeast of Argentina (Woods and Kilpatrick 2005), the dis-
tribution area of A. dubitatum is lesser than that of its principal host, suggesting that
environmental variables rather than hosts determine the distributional ranges of A. dubit-
atum in South America. A similar conclusion was reached for other Neotropical Ambly-
omma species that feed on large mammals as Amblyomma cajennense (Estrada-Pefia et al.
2004), Amblyomma parvum (Nava et al. 2008b) and Amblyomma neumanni (Nava et al.
2009b). Moreover, it is accepted for several tick species that factors such as climate and
vegetation are more determinant for their distribution than hosts (Klompen et al. 1996;
Estrada Pefia 2001; Cumming 2002). Future studies should be focused on the identification
of the ecological factors that limit the distribution of A. dubitatum in South America.

There is a finding of A. dubitatum on T. terrestris in Reserva Horco Molle, Tucuman
Province, Argentina (Yungas Biogeographic province) (Zerpa et al. 2003). However, it is
important to assert that there are not natural populations of H. hydrochaeris in this locality
(Alvarez and Martinez 2006). Then, the records of females and nymphs of A. dubitatum on
T. terrestris in Reserva Horco Molle probably is due to the fact that the infested specimen
of T. terrestris cohabits under semi-captivity conditions with capybaras introduced artifi-
cially (Zerpa et al. 2003).

The genetic divergence among the 16S rDNA sequences of the ticks from Argentina,
Brazil and Uruguay identified by means of morphological characters as A. dubitatum, was
substantially low (0.0-0.8%). These levels of genetic variation in the sequences of 16S
gene are usual at the intraspecific level for Neotropical species of the genus Amblyomma
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(Estrada-Pefia et al. 2005; Venzal et al. 2005; Nava et al. 2006, 2008b, 2009b; Labruna
et al. 2009). Therefore, the analysis of 16S rDNA sequences confirms the specific deter-
mination by means of morphological characters, and the taxonomic status of A. dubitatum
along its distribution appears to be certain.

Taking into account that H. hydrochaeris has capacity to act as amplifier host of
Rickettsia rickettsii (Souza et al. 2009), and that the co-infestation of H. hydrochaeris with
A. dubitatum and the vector of R. rickettsii A. cajennense has usually been reported
(Pacheco et al. 2007; Souza et al. 2009), it is important to study if A. dubitatum could be
involved as an enzootic vector of this rickettsia species.

Acknowledgments We are grateful to INTA and Asociacion Cooperadora INTA Rafaela for the financial
support to SN, MM, AJM and AAG. We acknowledge the collaboration of P.M. Beldomenico and G. Aprile
for sending tick samples.

References

Almeida ATS, Daemon E, Faccini JLH (2001) Life cycle of female ticks of Amblyomma cooperi Nuttall &
Warburton, 1908 (Acari: Ixodidae) under laboratory conditions. Arq Bras Med Vet Zootec 53:316-320

Alvarez MR, Martinez RA (2006) Familias Hydrochoeridae, Agoutidae, Dasyproctidae. In: Barquez RM,
Diaz MM, Ojeda RA (eds) Mamiferos de Argentina: sistematica y distribucién, Sociedad Argentina
para el Estudio de los Mamiferos (SAREM), Tucuman (Argentina), pp. 210-212

Amorim M, Pedro MV]J, Teixeira RHF, Gazeta GS, Serra Freire NM (2003) Ixodofauna de mamiferos na
regido de Bonito, Mato Grosso do Sul, Brasil. Res. 18° Congr. Bras. Parasitol., Rio de Janeiro, Brasil,
p. 104

Aragdo HB (1908) Algunas novas especies de carrapatos brazileiros. Braz Med 22:111-115

Aragdo HB (1911) Notas sobre ixddidas brazileiros. Mem Inst Oswaldo Cruz 3:145-195

Aragdo HB (1918) Notas ixodologicas. Rev Mus Paulista 10:375-417

Aragido HB (1936) Ixodidas brasileiros e de algunos paizes limitrophes. Mem Inst Oswaldo Cruz 31:
759-843

Arzua M, Onofrio VC, Barros-Battesti DM (2005) Catalogue of the tick collection (Acari, Ixodida) of the
Museu de Histéria Natural Capao da Imbuia, Curitiba, Parana, Brazil. Rev Bras Zool 22:623-632

Barker RW, Kocan AA, Ewing SA, Wettemann RP, Payton ME (2004) Occurrence of the gulf coast tick
(Acari: Ixodidae) on wild and domestic mammals in north-central Oklahoma. J] Med Entomol 41:170—
178

Barros SLJ, Famadas KM, Lopes LMS, Serra Freire NM (1998) Revisdo sobre parasitismo de Mammalia:
Chiroptera por Acari: Ixodidae com registro de Amblyomma cooperi Nuttall & Warburton, 1907 em
Phyllostomidae no Brasil. Entomol Vect 5:123-136

Barros-Battesti DM, Arzua M, Bechara GH (2006) Carrapatos de importancia médico-veterinaria da regiao
Neotropical: um guia ilustrado para identificagao de espécies. Vox/ICTTD-3/Butantan, Sdo Paulo

Boero JJ (1945) Los ixodideos de la Republica Argentina. Rev Med Vet (Buenos Aires) 26:1-10

Camicas JL, Hervy JP, Adam F, Morel PC (1998) Les tiques du monde: nomenclature, stades décrits, hotes,
répartition (Acarida, Ixodida). ORSTOM, Paris

Cumming GS (2002) Comparing climate and vegetation as limiting factors for species ranges of African
ticks. Ecology 83:255-268

da Fonseca F, Aragdo H (1952) Notas de ixodologia. IV. Considera¢des sobra a nomenclatura do genero
Amblyomma do Brasil e paises limitrofes. (Acari: Ixodidae). Mem Inst Oswaldo Cruz 50:729-731

de Souza CE, Calic SB, Camargo MCGO (2004) O papel de capivaras Hydrochaeris hydrochaeris na cadeia
epidemioldgica da febre maculosa brasileira. Rev Bras Parasitol Vet 13(1):203-205

De Souza SSAL, de Souza CE, Rodrigues Neto EJ, do Prado AP (2006) Dinamica sazonal de carrapatos
(Acari: Ixodidae) na mata ciliar de uma area endemica para febre maculosa na regido de Campinas, Sao
Paulo, Brasil. Cienc Rur 36:887-891

Estrada Pefa A (2001) Forecasting habitat suitability for ticks and prevention of tick-borne diseases. Vet
Parasitol 31:1-22

Estrada Pefia A, Venzal JM, Guglielmone AA (2002) Amblyomma dubitatum Neumann: description of
nymph and redescription of adults, together with the description of the immature stages of A. triste
Koch. Acarologia 42:323-333

@ Springer



Exp Appl Acarol (2010) 51:335-351 349

Estrada DA, Schumaker TTS, Souza CE, Neto EJR, Linhares AX (2006) Detec¢do de riquétsias em car-
rapatos do género Amblyomma (Acari: Ixodidae) coletados em parque urbano do municipio de
Campinas, SP. Rev Soc Bras Med Trop 39:68-71

Estrada-Pefia A, Guglielmone AA, Mangold AJ (2004) The distribution and ecological “preferences” of the
tick Amblyomma cajennense (Acari: Ixodidae), an ectoparasite of humans and other mammals in the
Americas. Ann Trop Med Parasitol 98:283-292

Estrada-Pefia A, Venzal JM, Mangold AJ, Cafrune MM, Guglielmone AA (2005) The Amblyomma mac-
ulatum Koch, 1844 (Acari: Ixodidae: Amblyomminae) tick group: diagnostic characters, description of
the larva of A. parvitarsum Neumann, 1901, 16S rDNA sequences, distribution and hosts. Syst
Parasitol 60:99-112

Evans DE, Martins JR, Guglielmone AA (2000) A review of the ticks (Acari, Ixodida) of Brazil, their hosts
and geographical distribution—1. The state of Rio Grande do Sul, southern Brazil. Mem Inst Oswaldo
Cruz 95:453-470

Famadas K, Lemos ERS, Coura JR, Machado RD, Serra Freire NM (1997) Amblyomma cooperi (Acari:
Ixodidae) parasitando humano em area de foco de febre maculosa, Sdo Paulo—Brasil. Acta Parasitol
Port 4:154

Freire JJ (1972) Revisao das espécies da familia Ixodidae. Rev Med Vet (Sao Paulo). 8:1-16

Guedes E, Leite RC, Prata MCA, Pacheco RC, Walker DH, Labruna MB (2005) Detection of Rickettsia
rickettsii in the tick Amblyomma cajennense in a new Brazilian spotted fever-endemic area in the state
of Minas Gerais. Mem Inst Oswaldo Cruz 100:841-845

Guglielmone AA, Nava S (2006) Las garrapatas argentinas del género Amblyomma (Acari: Ixodidae):
distribucion y hospedadores. Rev Inv Agro (RIA) 35:135-155

Guglielmone AA, Vifiabal AE (1994) Claves morfologicas dicotémicas e informacion ecoldgica para la
identificacion de garrapatas del género Amblyomma Koch, 1844 de la Argentina. Rev Inv Agro (RIA)
25:39-67

Guglielmone AA, Mangold AJ, Boero C, Piccinini A, Keirans JE (2002) Hallazgo de Amblyomma cooperi
Nuttall & Warburton, 1907 en bovinos de Corrientes, Argentina. Vet Arg 19:124-125

Guglielmone AA, Estrada Pefia A, Keirans JE, Robbins RG (2003a) Ticks (Acari: Ixodida) of the neo-
tropical zoogeographic region. Houten, Atalanta

Guglielmone AA, Estrada-Pefia A, Mangold AJ, Barros-Battesti DM, Labruna MB, Martins JR, Venzal JM,
Arzua M, Keirans JE (2003b) Amblyomma aureolatum (Pallas, 1772) and Amblyomma ovale Koch,
1844 (Acari: Ixodidae): DNA sequences, hosts and distribution. Vet Parasitol 113:273-288

Guglielmone AA, Beati L, Barros-Battesti DM, Labruna MB, Nava S, Venzal JM, Mangold AJ, Szab6é MJP,
Martins JR, Gonzalez Acuiia D, Estrada-Pefia A (2006) Ticks (Ixodidae) on humans in South America.
Exp Appl Acarol 40:83-100

Hall TA (1999) BioEdit: a user friendly biological sequence alignment editor and analysis program for
Windows 95/98/NT. Nucleic Acid Symp Ser 41:95-98

Horta MC, Labruna MB, Pinter A, Linardi PM, Schumaker TTS (2007) Rickettsia infection in five areas of
the state of Sao Paulo, Brazil. Mem Inst Oswaldo Cruz 102:793-801

Ivancovich JC, Luciani CA (1992) Las garrapatas de Argentina. Asociacion Argentina de Parasitologia
Veterinaria, Buenos Aires

Joan T (1930) El amblyomma (sic) de Cooper y demas garrapatas de los carpinchos. 5* Reun. Soc. Arg. Pat.
Reg. Norte, octubre 1929, Jujuy, Argentina 2:1168-1179

Jones EK, Clifford CM, Keirans JE, Kohls GM (1972) The ticks of Venezuela (Acarina: Ixodoidea) with a
key to the species of Amblyomma in the Western Hemisphere. Brigh Young Univ Sci Bull Biol Ser
17:1-40

Keirans JE, Brewster BE (1981) The Nuttall and British Museum (Natural History) tick collections: lec-
totype designations for ticks (Acarina: Ixodoidea) described by Nuttall, Warburton, Cooper and
Robinson. Bull Br Mus Nat Hist 41:153-178

Klompen JSH, WC BlacklIV, Keirans JE, Oliver JH (1996) Evolution of ticks. Annu Rev Entomol 41:
141-161

Labruna MB, Souza SIP (1999) Levantamento de fauna ixodoldgica através de armadilha de diéxido de
carbono, em um parque ecoldgico no estado de Sao Paulo. An. XI Sem. Bras. Parasitol. Vet. Salvador,
Bahia, Brasil, p. 87

Labruna MB, de Paula CT, Lima TF, Sana DA (2002) Ticks (Acari:Ixodidae) on wild animals from the
porto-primavera hydroelectric power station area, Brazil. Mem Inst Oswaldo Cruz 97:1133-1136

Labruna MB, Whitworth T, Horta MC, Bouyer DH, McBride J, Pinter A, Popov V, Gennari SM, Walker DH
(2004a) Rickettsia species infecting Amblyomma cooperi ticks from an area in the state of Sao Paulo,
Brazil, where Brazilian spotted fever is endemic. J Clin Microbiol 42:90-98

@ Springer



350 Exp Appl Acarol (2010) 51:335-351

Labruna MB, Pinter A, Teixeira RHF (2004b) Life cycle of Amblyomma cooperi (Acari: Ixodidae) using
capybaras (Hydrochaeris hydrochaeris) as hosts. Exp Appl Acarol 32:79-88

Labruna MB, Jorge RSP, Sana DA, Jicomo ATA, Kashivakura CK, Furtado MM, Ferro C, Perez SA,
Silveira L, Santos TS, Marques SR, Morato RG, Nava A, Adania CH, Teixeira RHF, Gomes AAB,
Conforti VA, Azevedo FCC, Prada CS, Silva JCR, Batista AF, Marvulo MFV, Morato RLG, Alho
CIR, Pinter A, Ferreira PM, Ferreira F, Barros-Battesti DM (2005) Ticks (Acari: Ixodida) on wild
carnivores in Brazil. Exp Appl Acarol 36:149-163

Labruna MB, Pacheco RC, Ataliba AC, Szabé MJP (2007) Human parasitism by the capibara tick,
Amblyomma dubitatum (Acari: Ixodida). Entomol News 118:77-80

Labruna MB, Onofrio VC, Beati L, Arzua M, Bertola PB, Ribeiro AF, Barros-Battesti DM (2009) Rede-
scription of the female, description of the male, and several new records of Amblyomma parkeri (Acari:
Ixodidae), a South America tick species. Exp Appl Acarol 49:243-260

Lemos ERS, Machado RD, Coura JR, Guimaraes MAA, Serra Freire NM, Amorim A, Gazeta GS (1997)
Epidemiological aspects of the Brazilian spotted fever: seasonal activity of ticks collected in an
endemic area in Sao Paulo, Brazil. Rev Soc Bras Med Trop 30:181-185

Mangold AJ, Bargues MD, Mas-Coma S (1998) Mitochondrial 16S rRNA sequences and phylogenetic
relationships of Rhipicephalus and other tick genera among Metastriata (Acari: Ixodidae). Parasitol
Res 84:478-484

Martins TF, Dantas-Torres F, Nieri-Bastos FA, Marcili A, de Siqueira DB, Aléssio F, da Silva JCR, Labruna
MB (2009) Host records for the immature stages of Amblyomma fuscum (Acari: Ixodidae), a rare South
American tick species. Entomol News (in press)

Mastropaolo M, Aprile G, Solis G, Beldomenico PM, Peralta JL, Guglielmone AA (2004) Primer registro de
Amblyomma dubitatum Neumann 1899 (Acari: Ixodidae) en la provincia de Misiones (Argentina).
Revista FAVE 3:67-70

Monteiro CMO, Santos-Rosa L, Dabés L, Rodrigues AFSF (2004) Levantamento preliminar da ixodofauna
da mata do Morro do Imperador Juiz de Fora-MG, Brasil. Rev Bras Parasitol Vet 13(1):315

Morrone JJ (2006) Biogeographic areas and transition zones of Latin American and the Caribbean Islands
based on the panbiogeographic and cladistic analyses of the entomofauna. Annu Rev Entomol 51:
467-494

Nava S, Mangold AJ, Guglielmone AA (2006) The natural hosts of larvae and nymphs of Amblyomma
tigrinum Koch, 1844 (Acari: Ixodidae). Vet Parasitol 140:124-132

Nava S, Lareschi M, Rebollo C, Benitez Usher C, Beati L, Robbins RG, Durden LA, Mangold AJ, Gugl-
ielmone AA (2007) The ticks (Acari: Ixodida: Argasidae, Ixodidae) of Paraguay. Ann Trop Med
Parasitol 101:255-270

Nava S, Mangold AJ, Guglielmone AA (2008a) Aspects of the life cycle of Amblyomma parvum (Acari:
Ixodidae) under natural conditions. Vet Parasitol 156:270-276

Nava S, Szabé MPJ, Mangold AJ, Guglielmone AA (2008b) Distribution, hosts, 16S rDNA sequences and
phylogenetic position of the Neotropical tick Amblyomma parvum (Acari: Ixodidae). Ann Trop Med
Parasitol 102:409-425

Nava S, Guglielmone AA, Mangold AJ (2009a) An overview of systematics and evolution of ticks. Front
Biosci 14:2857-2877

Nava S, Estrada-Pefia A, Mangold AJ, Guglielmone AA (2009b) Ecology of Amblyomma neumanni (Acari:
Ixodidae). Act Trop 111:226-236

Oliveira KA, Oliveira LS CCA, Dias SilvaA, Almeida MR, Almada G, Bouyer DH, Galvao MAM, Mafra
CL (2008) Molecular identification of Rickettsia felis in ticks and fleas from an endemic area for
Brazilian spotted fever. Mem Inst Oswaldo Cruz 103:191-194

Oscherov EB, Bar ME, Milano AMF, Damborsky MP (2006) Presencia de garrapatas del género Ambly-
omma (Ixodidae) en areas naturales protegidas. Acta Bioquim Clin Latinoam 3:185

Pacheco RC, Pinter A, Ferreira PM, Ferreira M, Labruna MB (2004) Carrapatos infestando capivaras em
cinco areas do Estado de Sao Paulo. Rev Bras Parasitol Vet 13(1):315

Pacheco RC, Horta MC, Moraes-Filho J, Ataliba AC, Pinter A, Labruna MB (2007) Rickettsial infection in
capybaras (Hydrochoerus hydrochaeris) from Sao Paulo, Brazil: serological evidence for infection by
Rickettsia belli and Rickettsia parkeri. Biomédica 27:364-371

Rohr CJ (1909) Estudos sobre ixddidas do Brasil. Gomes Irmao, Rio de Janeiro

Santos Dias JAT (1958) Notes on various ticks (Acarina-Ixodoidea) in collection at some entomological
institutes in Paris and London. An Inst Med Trop 15:459-563

Sarmiento NF, Santa Cruz ACM, Comolli JA, Cayo D, Roux JP (2006) Aspectos morfoldgicos de
Amblyomma cooperi Nuttal y Warburton 1908 (Arthropoda: Ixodidae) aislados de Hydrochaeris
hydrochaeris en un criadero de Santo Tome (Corrientes). 1* Jornada Nacional de Ectoparasitologia
Veterinaria. Corrientes, Argentina, p 38

@ Springer



Exp Appl Acarol (2010) 51:335-351 351

Sinkoc AL, Brum JGW, Muller G, Begrow A, Paulsen RMM (1997) Ocorrencia de Ixodidae parasitos de
capivara (Hydrochoerus hydrochaeris Linnaeus, 1776) na Estacao Ecoldgica do Taim, Rio Grande-
RD, Brasil. Cienc Rur 27:119-122

Sinkoc AL, Brum JGW, Moraes W, Crawshaw P (1998) Ixodidae parasitos de animais silvestres na regiao
de Foz de Iguacu, Brasil e Argentina. Arq Inst Biol 65:29-33

Souza CE, Moraes-Filho J, Ogrezewalska M, Uchoa FC, Horta MC, Souza SSL, Borba RCM, Labruna MB
(2009) Experimental infection of capybaras Hydrochoerus hydrochaeris by Rickettsia rickettsii and
evaluation of the transmission of the infection to ticks Amblyomma cajennense. Vet Parasitol 161:
116-121

Squire FA (1972) Entomological problems in Bolivia. PANS 18:249-268

Szab6 MPJ, Castro MB, Ramos HGC, Garcia MV, Castagnolli KC, Pinter A, Veronez VA, Magalhdes GM,
Duarte JMB, Labruna MB (2007) Species diversity and seasonality of free-living ticks (Acari: Ixod-
idae) in the natural habitat of wild marsh deer (Blastocerus dichotomus) in Southeastern Brazil. Vet
Parasitol 143:147-154

Tamura K, Dudley J, Nei M, Kumar S (2007) MEGA 4: molecular evolutionary genetics analysis (MEGA)
software version 4.0. Mol Biol Evol 24:1596-1599

Thompson JD, Higgins D, Gibson TJ (1994) CLUSTAL W: improving the sensitivity of progressive
multiple sequence alignment through sequence weighting, position-specific gap penalities and weight
matrix choice. Nucl Acids Res 22:4673-4680

van der Heijden KM, Szabé MPJ, Matushima ER, Leite da Veiga M, Santos AA, Egami MI (2003) Valores
hematoldgicos e identificagdo morfo-citoquimica de células sangiiineas de capivaras (Hydrochoerus
hydrochoeris) parasitadas por carrapatos e capivaras livres de infestacdo. Acta Scientiarum. Anim Sci
25:43-150

Venzal JM, Félix ML, Olmos A, Mangold AJ, Guglielmone AA (2005) A collection of ticks (Ixodidae) from
wild birds in Uruguay. Exp Appl Acarol 36:325-331

Venzal JM, Estrada-Pefia A, Castro O, de Souza CG, Félix ML, Nava S, Guglielmone AA (2008)
Amblyomma triste Koch, 1844 (Acari: Ixodidae): hosts and seasonality of the vector of Rickettsia
parkeri in Uruguay. Vet Parasitol 155:104—109

Vogelsang EG, Cordero EH (1940) Las garrapatas (Ixodidae) de Venezuela. Rev Med Vet Parasitol 2:71-76

Woods CA, Kilpatrick CW (2005) Infraorder Hystricognathi Brandt, 1855. In: Wilson DE, Reeder DM (eds)
Mammal species of the world: a taxonomic and geographic reference, 3rd edn. The Johns Hopkins
University Press, Baltimore, pp 1538-1600

Zerpa C, Venzal JM, Lépez N, Mangold AJ, Guglielmone AA (2003) Garrapatas de Catamarca y Tucuman:
estudio de una coleccion de hospedadores silvestres y domésticos. Revista FAVE 2:167-171

@ Springer



	Hosts, distribution and genetic divergence (16S rDNA)  of Amblyomma dubitatum (Acari: Ixodidae)
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


