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Abstract

The aim of this work was to generate knowledge on ecological aspects of Amblyomma
sculptum in Argentina, such as seasonal dynamics, geographical range size, hosts, genetic
diversity and phylogeography. Adult and immature A. sculptum ticks were collected in different
localities of Argentina to know the geographical range size and hosts. The genetic diversity of this
tick was studied through analyses of 16S rDNA sequences. To describe the seasonal dynamics,
free-living ticks were monthly collected from October 2013 to October 2015. A. sculptum shows a
marked ecological preference for Chaco Himedo eco-region and “Albardones” forest of the great
rivers in the wetlands in the Chaco Biogeographical Province, and for Selvas Pedemontanas and
Selva Montana in the Yungas Biogeographical Province. This species has low host specificity, and
it has large wild and domestic mammals as principal hosts to both immature and adult stages.
Amblyomma sculptum is characterized by a one-year life cycle. Larvae peak in early winter, nymphs
peaked during mid-spring, and adults during late summer and mid-summer. The genetic divergence
was low and the total genetic variability was attributable to differences among populations. This fact
could be associated to stochastics process linked to micro-habitat variations that could produce a
partial restriction to gene flow among populations. The geographic regions do not contribute much
to explain the A. sculptum population genetic structure, with an ancestral haplotype present in most

populations, which gives rise to the rest of the haplotypes denoting a rapid population expansion.

Keywords: Amblyomma sculptum, seasonal dynamics, geographical range size, genetic diversity,

Argentina.

1. Introduction



The hard tick Amblyomma sculptum Berlese, 1888 belongs to the Amblyomma cajennense
complex with other five species, namely Amblyomma tonelliae Nava, Beati and Labruna, 2014,
Amblyomma cajennense sensu stricto (Fabricius, 1787), Amblyomma mixtum Koch, 1844,
Amblyomma patinoi Labruna, Nava and Beati, 2014 and Amblyomma interandinum Beati, Nava and
Céceres, 2014 (Nava et al., 2014). According to previous information, all stages of A. sculptum are
catholic feeders with a wide range of mammal hosts, including humans (Nava et al., 2017). This tick
has a distribution ranging from the humid areas of northern Argentina (foothill jungle of Yungas and
humid areas of Chaco Biogeographic Provinces sensu Morrone (2006)), Bolivia and Paraguay to
Brazil in areas belonging to the Cerrado, Pantanal and Brazilian Atlantic Forest Provinces sensu
Morrone (2006) (Nava et al., 2014; Martins et al., 2016). In Argentina, A. sculptum has a parapatric
distribution with other species from the A. cajennense species complex, A. tonelliae (Estrada-Pefia
et al., 2014), which is distributed in dry areas of the Chaco Biogeographic Province in Argentina,
Bolivia and Paraguay (Nava et al., 2014; Tarragona et al., 2015b). Estrada-Pefa et al. (2014) have
stated that environmental variables rather than hosts determine the distributional ranges of A.
tonelliae and A. sculptum. These authors showed that the distribution of A. sculptum overlaps with
that of A. tonelliae in northern Argentina; parapatry occurs in regions with lower Land Surface
Temperature (LST) and very high Normalized Difference Vegetation Index (NDVI) relative to
allopatric regions.

Both A. sculptum and A. tonelliae are aggressive to humans and domestic mammals and
they have been incriminated as potential vectors of pathogenic microorganisms for domestic
animals and humans (Guedes et al., 2005; Widmer et al., 2011; Soares et al., 2012; Alves et al.,
2014; Labruna et al., 2014; Nunes et al. 2015; Tarragona et al., 2015a; Melo et al., 2016; Tarragona
et al. 2016). Fatal cases of spotted fever in humans due to the infection with Rickettsia rickettsii
were reported in localities of Jujuy and Salta Provinces, Argentina, and ticks of the A. cajennense
species complex were recognized as the possible vectors (Ripoll et al., 1999; Paddock et al., 2008;
Seijo et al., 2016). These cases of spotted fever in humans occurred in the area where A. sculptum
and A. tonelliae have parapatric distribution (Estrada-Pefia et al., 2014). Both species could be the

vector incriminated in the transmission of R. rickettsii, since experimental studies have proved that



A. tonelliae and A. sculptum (named as A. cajennense) have vectorial competence to transmit this
pathogenic microorganism (Soares et al., 2012; Tarragona et al., 2016). Additionally, specimens of
A. sculptum were found naturally infected with Rickettsia amblyommatis (named as “Candidatus
Rickettsia amblyommii”) and Rickettsia bellii (Alves et al., 2014; Melo et al., 2016; Sebastian et al.,
2017), and A. tonelliae with R. amblyommatis (named as “Candidatus R. amblyommii’) and
Rickettsia sp. strain El Tunal (Tarragona et al., 2015a) in Argentina.

Vectorial competence, seasonality, geographic range size, host usage, population genetic
and habitat requirement are among the principal intrinsic variables of ticks shaping their role as
parasites per se and in the cycles of tick-borne pathogens (Sonenshine and Mather, 1994). In this
sense, and because the epidemiological relevance of A. sculptum, the aim of this work was to study
aspects of its ecology as geographical range size and natural hosts, seasonal dynamics, genetic
diversity and phylogeography.

2. Materials and methods
2.1. Geographic range size and hosts.

The geographic range size and hosts of A. sculptum in Argentina were determined
analyzing records of adult and immature ticks collected in 48 localities (Table 1). Data were
obtained from Ortiz et al. (2011), Nava et al. (2014) and by examination of the tick collections of
INTA Rafaela and Facultad de Ciencias Veterinarias, Universidad Nacional del Litoral, Santa Fe,
Argentina. All records of A. sculptum analysed during this work corresponded to localities of the
Yungas (YBP) and Chaco (CBP) Biogeographic Provinces as defined by Morrone (2006). In
Argentina, the YBP is divided into four vegetation strata which correspond to altitudinal gradient
strata: I) Selvas Pedemontanas (from 400 to 700 masl); II) Selva Montana (from 700 to 1500 masl);
I1I) Bosque Montano (from 1500 to 3000 masl); IV) Pastizales de altura (above 2500 masl) (Burkart
et al., 1999; Brown et al., 2001). In turn, the area contained within the CBP is divided in two eco-
regions, namely Chaco Seco and Chaco Humedo (Burkart et al., 1999).

All locality records were plotted against two biogeographic schemes: The first one,
designed in this study, corresponds to a combination of the eco-regions of Argentina presented by

Burkart et al. (1999) and the Biogeographic Provinces delimited by Morrone (2006). This procedure



resulted in the following scheme: 1, Altos Andes; 2, Puna; 3, Selva de las Yungas; 4, Chaco Seco;
5, Chaco Humedo; 6, Selva Paranaense; 7, Campos y Malezales; 8, Espinal; 9, Delta e Islas del
Parana; 10, Pampa (see Figure 1). The second one corresponds to the scheme of the wetlands of
the Chaco Seco eco-region presented by Ginzburg et al. (2005) (see Figure 2). This scheme was
incorporated in the analysis because allows a more accurate description of the ecological
preferences of A. sculptum within the Chaco Seco eco-region. The Q-GIS 2.18.5 program
(Geographic Information System for Data Analysis Species Distribution, http://www.qgis.org/es/site/)
was used in both cases. The QGIS is a cross-platform free and open-source desktop geographic
information system (GIS) was queried for georeferenced data (i.e. those with latitude/longitude
coordinates) and allows to created vectors layer that in our case would be biogeographic regions of
Argentina (biogeographic schemes) and then were plotted georeferenced occurrent data in those.
2.2. Seasonal dynamics.

The field study to determine the seasonality of A. sculptum was carried out in the private
reserve “Eco- Portal de Piedra”, located in Villamonte (24°05'39.6"S 64°23'54.0"W), Jujuy Province,
Argentina (REPP). This site belongs to the YBP, which is characterized by a subtropical climate
with annual rainfalls concentrated from November to March (late spring to late summer).

Questing ticks (adults and immature stages) were monthly collected from October 2013 to
October 2015 by using a 1x1.50 m white cloth flag. Dragging was performed for a period of 30
minutes by two operators, checking and removing ticks from drags every 10 minutes. Ticks were
determined following Matrtins et al. (2014), Nava et al. (2014) and by comparison with known
laboratory reared material deposited in the tick collection of Instituto Nacional de Tecnologia
Agropecuaria, Estacién Experimental Agropecuaria Rafaela (INTA Rafaela), Argentina.
Temperature (°C) and relative humidity were measured during the entire study period by using
HOBO data loggers (U23-002 Pro v2), and they were used to calculate saturation deficit according
to the formula presented by Randolph and Storey (1999).

2.3 Genetic diversity and phylogeography.
Genetic variation of A. sculptum was assessed using sequences of the mitochondrial 16s

rRNA gene. DNA was extracted from adult specimens belonging to populations from 14 geographic



locations (Table 2), which are representative of the distribution of this tick species in Argentina.
DNA extraction and polymerase chain reaction (PCR) were made following the methodology
described by Mangold et al. (1998a, b) in order to obtain a ca. 410-bp fragment of the mitochondrial
16S rRNA gene. The sequences were edited using BioEdit Sequence Alignment Editor (Hall, 1999)
with manual editing whenever necessary, and aligned with the program ClustalwW (Thompson et al.,
1994). The group of sequences obtained from ticks collected in the same geographic location was
considered as belonging to the same population. A haplotype network was constructed with the
program Network 5.0 (Bandelt et al., 1999) to obtain a graphical representation of intraspecific
genealogical relationships. Molecular genetic variability explained by different hierarchical levels of
organization (within populations and between populations) was estimated by the analysis of
molecular variance (AMOVA) based on 1000 permutations and the fixation rate (Fst). This rate
determines the genetic differentiations between pairs of populations, whose values significantly
different from 0O indicate low gene flow or interruption of the same as it approaches to 1. These
procedures were executed with the program Arlequin 3.11 (Excoffier et al., 2005), and the statistical
significance of the indices was determined by the non-parametric methods described by Excoffier et
al. (1992).

Phylogenetic analyses to determine the relationships among haplotypes of the 16S rDNA
gene were performed using the maximum likelihood (ML) method with the program Mega 5
(Tamura et al., 2011). To construct the ML tree, the best fitting substitution model was determined
with the Akaike Information Criterion using the ML model test implemented in MEGA 5 (Tamura et
al. 2011). Support for the topologies was tested by bootstrapping over 1000 replications.
Sequences of Amblyomma americanum (Linnaeus, 1758), A. tonelliae and A. mixtum (GenBank
accession nos. L34314, KF179349, KM519935) were chosen as outgroups. The nucleotide
diversity (1) [defined as the average proportion of nucleotide differences between all possible pairs
of sequences in the sample (Hartl and Clark, 1997)], number of haplotypes, haplotype diversity (h)
[defined as the probability that two random sequences are different (Rozas, 2009)] and average
number of nucleotide differences were calculated using DnaSP Version 5.10 (Librado and Rozas,

2009). Haplotypes were considered distinct when differing by at least one base pair. The most



frequent and most connected haplotype was regarded as being ancestral following the criteria

explained by Posada and Crandall (2001).

3. Results

3.1. Geographic range size and host.

Specimens of A. sculptum were found in the provinces of Chaco (8 localities), Corrientes (1
locality), Formosa (14 localities), Jujuy (7 localities) and Salta (18 localities). The geographic range
size of A. sculptum in Argentina is framed in three different areas (Figures 1 and 2): 1) the western
distribution, which includes the Selvas Pedemontanas and Selva Montana of the YBP and the
transition between the YBP and the Chaco Seco eco-region (see Figure 1) ; 2) the distribution in the
“Albardones” forest (riparian forest) along the Bermejo, Teuco and Pilcomayo rivers in the middle
north of Chaco Seco eco-region (see Figures 1 and 2); 3) the east distribution, in the Chaco
Humedo eco-region (see Figure 1).

The natural wild hosts for adults and immature stages of A. sculptum recorded for Argentina
in this work are mammals belonging to the families Cervidae, Myrmecophagidae, Tayassuidae,
Canidae, Caviidae, Tapiridae and Chinchillidae (Table 1). In addition, adults and immature of A.
sculptum were recorded parasitizing domestic mammals as cattle, horses, dogs, domestic pigs and

mules, and also humans (Table 1).

3.2. Seasonal dynamics.

Questing larvae of A. sculptum were detected on vegetation from March (late summer) to
September (late winter) during the first year and from April (mid-autumn) to August (mid-winter) in
the second year (Figure 3A). The peak of larval abundance was observed at July (early winter) in
both years. Questing nymphs were detected from June to January, with the peak of abundance at
October (mid spring) in both years (Figure 3B). Finally, questing adults were detected on vegetation
from August to April during the two-year sampling period, with the peaks of abundance in
December (early summer) and February (mid-summer) in the first and second year of sampling,

respectively (Figure 3C).



The records of weekly mean temperature and saturation deficit during the study period are
showed in Figure 3 in relation to the seasonal variation in the number of A. sculptum specimen of

each parasitic stage.

3.3. Genetic diversity and phylogeography.

A total of 41 sequences of the mitochondrial 16S rRNA gene of A. sculptum ticks collected
in 14 localities of Argentina and four sequences (obtained from GenBank) of A. sculptum from Brazil
(Chapada dos Guimarées, Pirizal and Poconé state Mato Grosso (GenBank accession nos.
KT722808, KT238826 and KJ557134) and Perdizes, Minas Gerais state (GenBank accession no.
KP686061) were analysed (Table 2). Five haplotypes were found: haplotype I, Haplotype II,
Haplotype Ill, Haplotype IV, Haplotype V (GenBank accession nos. MG460313, MG460314,
MG460315, MG460316 and KT722808, respectively) (Figure 4). As expected, phylogenetically they
are grouped in the same monophyletic group (Figure 5). The topology of the haplotype network
(Figure 4) and its relationship with the geographic distribution of the populations shown the
following pattern: 1) an ancestral haplotype (haplotype 1) with high frequency (present in eleven
populations from Argentina and in two from Brazil) that gives rise to haplotypes Il, Ill and 1V; 2)
haplotype Il is present in three populations from Argentina; 3) haplotype lll is present in two
populations from one population of Argentina and one from Brazil; 4) haplotype IV was obtained
from a single individual from Argentina; 5) haplotype V belonging to individuals from one

populations of Brazil.

The genetic divergence among the 16S sequences of A. sculptum from Argentina was low,
because it never exceeded 0.5%. The values of h and 1T were 0.386 and 0.00117, respectively. The
mean frequency of each nucleotide base was 2.44% for cytosine, 0.61% for thymine, 49.39% for
adenine and 47.56% for guanine. The mean number of nucleotide differences for all sequences
was 0.45253. The 65.21% of the total genetic variability was attributable to differences among
populations and the 34.79% of the total variability corresponded to differences within populations.

The Fst value was 0.65.

4. Discussion



The results of this study showed that A. sculptum has a life cycle with one generation per
year. Larvae were active from late summer to late winter with the peak of abundance in early winter,
and nymphs were found from early winter to early summer with the peak of abundance in spring.
Adults were found on vegetation throughout all year, but the peak of abundance occurred in early
and mid-summer. Adult ticks predominate during the rainy season and immature stages do so in the
dry season. With this life cycle structure, the females oviposition occurs during rainy seasons,
allowing eggs during incubation periods to not be exposed for desiccation stress. Eggs are
particularly sensible to high levels of saturation deficit, which has harmful effects during the
incubation period of hard tick’s eggs (Randolph, 1999; Sutherst and Bourne, 2006). Therefore, this
behaviour of A. sculptum may prevent oviposition under unfavourable environmental conditions for

the development of eggs and survival of larvae.

With some minor variations, the pattern of seasonal dynamics of A. sculptum in northern Argentina
is similar to those previously described for other species of the A. cajennense complex in Argentina
(A. tonelliae), Brazil (A. sculptum) and United States (A. mixtum) (Oliveira et al., 2000; Labruna et
al., 2002; Oliveira et al., 2003; Beck et al., 2011; Tarragona et al., 2015a), and it is in line with
previous studies in Brazil (Aragao 1936) and Argentina (Guglielmone et al., 1981, 1990) dealing
with A. cajennense s. I. The more remarkable difference is observed regarding A. mixtum, which
has a prolonged activity of larvae and nymphs throughout the year (Beck et al., 2011). Another
noteworthy issue that should be taken into account is the modulation of the life cycle by the
development of diapause. Labruna et al. (2003) and Cabrera and Labruna (2009) described a
behavioral diapause in the unfed larva of A. cajennense s.l. (probably A. sculptum) in Brazil during
spring and summer, which leads them to become active simultaneously during autumn. Also,
Tarragona et al. (2015a) have stated that the life cycle of A. tonelliae in northern Argentina is
characterized by a long pre-moult period of larvae in autumn under field conditions. Therefore, it is
probable that these biological processes that act in the development of the larvae also have
relevance to regulate the biological cycle of A. sculptum in the north of Argentina.

Geographic range size of A. sculptum in Argentina is restricted to the Chaco Hiumedo eco-

region in the CBP, Selvas Pedemontanas and Selva Montana of YBP and “Albardones” forest of
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the great rivers in the wetlands of CBP (Figures 1 and 2). The finding of A. sculptum in Corrientes
province corresponds to the most southern distribution record for this species. This new record was
done in patch of forest characteristics of the Chaco Himedo eco-region, surrounded by marshlands
that contain water most of the time (Carnevali, 1994). Two hypotheses could be explaining these
results. The first is associated to propagation of ticks in a new territory through movement of
domestic animals. At the site where A. sculptum was collected, water buffalos were introduced
more than ten years ago from the Formosa province, where A. sculptum is established (lvancovich
and Luciani, 1992; Sebastian et al., 2017; this work). It is possible that water buffalos translocated
from Formosa have carried ticks to Corrientes Province, and A. sculptum has found a new system
that is ecologically suitable for its development. This situation is similar to that of the cattle tick
Rhipicephalus microplus in West Africa, where it was recently introduced to a previously tick-free
area through movement of cattle from South Africa and Brazil to West Africa (Madder et al., 2011).
The second hypothesis is related to an error by omission due to the relatively smaller sampling
effort carried out in the suitable ecological site for A. sculptum in Corrientes province compared with
the rest of the Argentinean regions where this tick is also present. Ivancovich and Luciani (1992)
have recorded A. cajennense (probably A. sculptum) nymphs on the bird Rhynchotus rufescens in
Corrientes Province (El Sombrero, 27°42'12.9"S 58°46'11.5"W), but one of us (SN) has examined
this sample (sample number: 364, data: 1/9/1972) and the nymphs determined as A. cajennense by

Ivancovich and Luciani (1992) correspond in fact to Amblyomma tigrinum.

The A. sculptum populations detected in the middle north of Chaco Seco eco-region were
found in forests adjacent to large watercourses, known as “Albardones” forests. The “Albardones”
forest bordering rivers such as Teuco and Bermejo has peculiar vegetation differing from the typical
vegetation of the Chaco Seco eco-region. According to Biani et al. (2006), the Bermejo river would
be the main recruitment route for the jungle species, since this river transports seeds, fruits and
young plants from the Humid subtropical montane of the YBP, located in the upper part of the
Bermejo Basin. Thus, the vegetation of the “Albardones” is more similarity with the vegetation of the
Selvas Pedemontanas and Selva Montana than with the rest of the Chaco Seco forest. The Selvas

Pedemontanas, Selva Montana, “Albardones” forests and Chaco Himedo eco-region share
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microclimatic characteristics that allow the ingression of A. sculptum populations within areas of the
Chaco Seco eco-region, which observed at macro-scale, appear to be unsuitable for this tick
species. This study has not been considered the deforestation process of Selvas Pedemontanas
and Chaco forest. This phenomenon, principally associated to agricultural expansion, is a
significant process of environmental modification in the north of Argentina (Brown et al., 2009;
Gasparri and Grau, 2009). Therefore, retrospective longitudinal studies comparing the occurrence
of ticks and annual satellite images of past decades are necessary to elucidate whether the
anthropic modification in some biogeographical areas could be responsible for the modifications of
geographic distribution range of A. sculptum and others species from the A. cajennense complex as

A. tonelliae.

The host records reported in this study and in previous works (Nava et al., 2014; Martins et
al., 2016) reinforce the conclusion of Nava and Guglielmone (2013) that A. sculptum (named as A.
cajennense), is a generalist tick with low host specificity. In addition, A. sculptum has demonstrated
ability to adapt to recently introduced host species such as cattle and horses, which were
introduced in the Americas not before 400 years ago. This statement is strengthened by the fact
that the species of the A. cajennense complex were already differentiated in South America about 5
million years ago (Beati et al., 2013), when most of the current wild and domestic hosts of A.

sculptum were not present in South America.

The analysis of the 16S sequences have shown that the genetic diversity of this species is
low compared to the intra-specific genetic diversity of 16S sequences from other Amblyomma
species such as A. americanum from the United States (Mixson et al., 2006; Trout et al., 2010) and
A. parvum from Argentina and Brazil (Nava et al., 2008) but similar to the genetic diversity of A.
tonelliae from Argentina (Tarragona et al., 2015b). The intra-specific differences in the 16S
sequences were lesser than 0.5%, and low nucleotide diversity and relatively high haplotype
diversity were found. Two hypotheses could explain these results. The first is based on the
possibility of an association with a rapid population expansion after a bottleneck. The expansion of

a population increases the retention of new mutations (Watterson, 1984) and is characterized by a
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common haplotype to most individuals that coexists with other very low frequency haplotypes
derived from it and which differ only in one or a few mutations (Slatkin and Hudson, 1991, Rogers
and Harpending, 1992). In the particular case of the South American populations of the A.
cajennense species complex, this expansion may have occurred between late Miocene to late
Pliocene (11-3 million years) (Beati et al. 2013). This rapid population expansion from the refuge
areas may also have resulted in secondary contact between A. sculptum and its related species (A.
tonelliae) in areas ecologically suitable for both species (Beati et al., 2013). The second hypothesis
refers to the fact that low diversity could be associated with the sampling size using in this study.
Sjogren and Wyoni (1994) suggest that a limited sample size may generate the risk of finding
"monomorphisms" in true polymorphic populations, omitting the real genetic diversity of the species.
The AMOVA analysis and Fst values indicate that A. sculptum has a population genetic
structure where the 65.21% of the total genetic variability is related to differences among
populations. In Argentina, all parasitic stages of A. sculptum are mostly associated to large wild and
domestic mammals with a high vagility in an area without natural geographical barriers. Some
authors have suggested that cattle parasites are generally characterized by low genetic
differentiation between populations, because host movement allows a high gene flow (Hilburn and
Sattler, 19864, Blouin et al., 1995, Rosenthal, 2008). This situation has been described for other
Amblyomma species that use large mammals as hosts for all parasitic stages such as A.
americanum (Hilburn and Sattler, 1986b), Amblyomma neumanni Ribaga, 1902 (Nava et al., 2009)
and Amblyomma variegatum (Beati et al., 2012). Thus, the degree of genetic structure detected in
this work for A. sculptum is not associated to low host vagility. Similar genetic variability was
reported by Bitencourth et al. (2017) in A. sculptum populations of the Cerrado biogeographic
provinces sensu Morrone (2006) of Brazil. Beati et al. (2013) suggest that host availability is not a
limiting factor for the dispersion of the species belonging to the A. cajennense complex. Thus, the
population genetic structure could be associated to a stochastics process linked to micro-habitat
variations that could produce a partial restriction to gene flow, but further studies using molecular
markers with higher mutation rates, as for example microsatellites, are necessary to confirm this

subject. The hypothesis that the genetic structure of A. sculptum in Argentina is a result of the
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habitat fragmentation due to anthropogenic factors such as changes in land use in the area of
distribution of this species in northern Argentina (Gasparri and Grau, 2009; Malizia et al., 2012) was
discarded because it is not sufficient on the time scale to produce gene flow disruption taking into
account the estimation of the 16S mitochondrial gene mutation rate for Amblyomma ticks (Mixon et
al., 2006).

Amblyomma sculptum is a usual parasite of domestic mammals as cattle and horses, and it
is the principal vector of R. rickettsii in South America (Labruna et al., 2014). Cases of human
spotted fever by R. rickettsii in Argentina (Ripoll et al., 1999; Paddock et al., 2008; Seijo et al.,
2016) have been reported in areas within the distributional range of A. sculptum. It is expectable
that the issues described in this work could be useful to understand epidemiological aspects related
to the deleterious effects of A. sculptum on the hosts and about the dynamics of the tick-borne
pathogens transmitted by this tick.
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Figure 1. Geographical range of Amblyomma sculptum in relation to the combination of the Eco-
regions of Argentina by Burkart et al. (1999) and Biogeographic Provinces as defined by Morrone
(2006). 1, Altos Andes; 2, Puna; 3, Selva de las Yungas; 4, Chaco Seco; 5, Chaco Hiumedo; 6,
Selva Paranaense; 7, Campos y Malezales; 8, Espinal; 9, Delta e Islas del Parang; 10, Pampa.

Green points represent locality records of A. sculptum in Argentina.
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Figure 2. Geographical range of Amblyomma sculptum in relation to the Chaco wetlands scheme
described by Ginzburg et al. (2005). 1, Derrames del rio Itiyuro; 2, Bafiados del quirgincho; 3,
interfluvio rio Teuco-Bermejo; 4, Bafiados La Estrella; 5, Bosques cafiadas y lagunas; 6, Esteros,
cafiadas y bosques de albardones; 7, Bajos submeridionales; 8, Planicie de inundacion del rio
Parana; 9, Bafados y esteros del Ibera; 10, Grandes lagunas del sector oriental del Ibera. Green

points represent locality records of A. sculptum in Argentina.
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Figure 3. Seasonal distribution of Amblyomma sculptum larvae (A), nymphs (B) and adults (C)

collected from the vegetation in the Reserva Eco-Portal de Piedra, Jujuy Province, from October

2013 to October 2015. Microclimatic data are also presented (Temp: weekly mean of temperature;

SD: weekly mean of saturation deficit).
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Figure 4. Relationship between the geographical distribution and the genealogy of the five
haplotypes of the mitochondrial sequences of the 16S rRNA gene of Amblyomma sculptum. The
haplotype network reflects the frequency of each haplotype (circle size) and its population
composition (each population is represented by a colour). Values in red represent the nucleotide
base number where the mutational step occurs. Map is adapted from Eco-regions of Argentina by
Burkart et al. (1999) and the Biogeographic Provinces of Latin America and the Caribbean of

Morrone (2006).
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Table 1. Localities and hosts of Amblyomma sculptum in Argentina

Altitude
Province Locality Coordinates (meter) Host Stage References
Chaco El Sauzalito 24°25'S 61°41'W 170 Horse M INTA 2308
La Eduvigis 26°54'S 59°00'W 73 Human M FAVE/CH 00001
Parque Nacional Chaco 26°49'S 59°39'W 80 Environment MFN INTA 2369
Parque Nacional El Impenetrable 25°10'S 61°03'W 138 Horse MF INTA 2307
Parque Provincial Pampa del Indio 26°16'S 59°58'W 100 Environment MF INTA 2362
Resistencia 10 km S 27°31'S 59°07'W 52 Myrmecophaga tridactyla MF INTA 2366
Toba Muerto 25°04'S 61°15'W 143 Horse M INTA 2309
Villa Rio Bermejito 25°37'S 60°23'W 116 Horse MF INTA 2310
Corrientes  Paso Florentin 27°41'S 57°43'W 70 Environment F INTA 2282
Paso Florentin 27°41'S 57°43'W 70 Human F INTA 2356
Formosa Apeadero Bruchard 25°08'S 59°58'W 117 Horse M INTA 2313
Campo La Elisa 25010'S 58°06'W 76 Mazama gouazoubira F INTA 2155
Campo La Elisa 25°10'S 58°06'W 76 Tapirus terrestris MF INTA 2158
El Simbolar 24°16'S 61°08'W 156 Environment M This study
Ingeniero Juarez 24°12'S 62°07'W 186 Domestic Pig MF Ortiz et al. 2011
Las Lomitas, 10 km N 24°37'S 60°31'W 136 Environment N This study
Las Lomitas, 30 km NW 24°31'S 60°52'W 145 Horse MF INTA 2314
Pampa de los Hoyales 24°08'S 60°26'W 144 Myrmecophaga tridactyla M INTA 2370
Parque Nacional Rio Pilcomayo 25°03'S 58°08'W 77 Environment MFN INTA 2359
Pozo del Tigre 24°58'S 60°10'W 120 Horse MF INTA 2311
Pozo del Tigre, road 95 km 1267 24°47'S 60°17'W 125 Horse M This study
Puesto Campo del Cielo 24°20'S 60°22'W 134 Horse M INTA 2312
Reserva Nacional Formosa 24°17'S 61°48'W 178 Horse MF INTA 2265
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Altitude

Province Locality Coordinates (meter) Host Stage References
Reserva Nacional Formosa 24°17'S 61°48'W 178 Environment MF This study
Reserva Privada El Bagual 26°10'S 58°56'W 75 Environment M This study
Reserva Privada El Bagual 26°10'S 58°56'W 75 Human M INTA 2148
San Hilario 26°03'S 58°38'W 75 Hydrochoerus hydrochaeris MF Nava et al. 2014

Salta Apolinario Saravia, 49 km NE 24°19'S 63°31'W 251 Environment MF This study
Campo Duran 22°12'S 63°39'W 488 Horse MF INTA 2317
Coronel Cornejo 22°45'S 63°51'W 443 Cattle MF Nava et al. 2014
El Galpon 25924'S 64°39'W 525 Domestic Pig M INTA 985
El Oculto 23°06'S 64°32'W 606 Dog F Nava et al. 2014
Estancia Gonzélez 24°54'S 64°39'W 1270 Cattle MF Nava et al. 2014
General Ballividn 22°56'S 63°53'W 385 Environment MF This study
La Caldera 24°37'S 65°23'W 1356 Human MF Nava et al. 2014
Laguna del Cielo 22°26'S 63°57'W 657 Environment M INTA 1330
Las Lajitas, 40 km W 25°03'S 64°39'W 779 Horse MFN  Nava et al. 2014
Lumbreras, 30 km E 25°07'S 64°43'W 703 Lagostomus maximus N INTA 1368
Parque Nacional El Rey 24°41'S 64°36'W 1030 Tapirus terrestris MF Nava et al. 2014
Parque Nacional El Rey 24°41'S 64°36'W 1030 Domestic Pig MF Nava et al. 2014
Pargue Nacional El Rey 24°41'S 64°36'W 1030 Cattle MF Nava et al. 2014
Parque Nacional El Rey 24°41'S 64°36'W 1030 Human MFN  Nava et al. 2014
Parque Nacional El Rey 24°41'S 64°36'W 1030 Horse MF Nava et al. 2014
Parque Nacional El Rey 24°41'S 64°36'W 1030 Mule MF Nava et al. 2014
Pargue Nacional El Rey 24°41'S 64°36'W 1030 Environment MF INTA 2057
Pargue Nacional El Rey 24°41'S 64°36'W 1030 Mazama gouazoubira N INTA 2358

Table 1. Continued

27



Altitude

Province Locality Coordinates (meter) Host Stage References
Pocoy 24°45'S 64°01'W 394 Human N INTA 1015
Rio Piedras 25°17'S 64°55'W 699 Cattle F INTA 1039
Santa Rita 24°40'S 64°59'W 667 Horse MF Nava et al. 2014
Santa Rita 24°40'S 64°59'W 667 Mule MF INTA 297
Tartagal, 10 km N 22°26'S 63°48'W 563 Horse MF INTA 2316
Tobantirenda 22°08'S 63°42'W 513 Horse MF INTA 2315
Villa Aurelia 24°36'S 64°17'W 584 Cattle F Nava et al. 2014
Jujuy El Piguete 24°13'S 64°39'W 491 Cerdocyon thous L* INTA 2258
Ingenio Ledesma 23°50°S 64°47'W 444 Horse MF Nava et al. 2014
Palma Sola, 26 km W 24°03'S 64°34'W 543 Horse MF INTA 2318
Puesto de La Quinta 23°52'S 64°27'W 589 Environment N INTA 1988
Reserva Privada Eco-Portal de
Piedra 24°07'S 64°24'W 1130 Cattle MEN INTA 2298
San Pedro, 60 km NW 24°00'S 64°59'W 807 Human N INTA 1361
Santa Barbara 23°36'S 65°01'W 1289 Tapirus terrestris MF Nava et al. 2014
Santa Barbara 23°36'S 64°44'W 1289 Tayassu pecari M INTA 1440
Santa Bérbara 23°36'S 65°04'W 1289 Human M INTA 1441

Table 1. Continued

M=male;F=female;N=nymph;L=larval

INTA=Tick collection of the Instituto Nacional de Tecnologia Agropecuaria (Rafaela, Santa Fe, Argentina); FCV-UNL=Ixodidos collection of Facultad de Ciencias Veterinarias,

Universidad Nacional del Litoral (Esperanza, Santa Fe, Argentina)
*Collected as engorged larvae that moulted to nymphs in the laboratory.
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Table 2. Geographic populations of Amblyomma sculptum from Argentina included in the analysis of 16S rDNA sequences in this study and four populations of A. sculptum
from Brazil. The Brazil sequences were taken from Genbank.

Country/Province Locality Latitude Longitude Sequences, 16S rDNA
n haplotype code
Argentina
Chaco Fortin Lavalle (FL) 25°41'S  60° 11'W 1 Il
Chaco Parque Nacional Chaco (PNC) 26°49'S  59° 39'W 4 I, 1l
Chaco Parque Nacional El Impenetrable (JJC) 25°10'sS  61° 03'W 3 [l
Corrientes Paso Florentin (PF) 27° 41'S 57°43'W 1 I
Formosa El Simbolar (ES) 24° 16'S 61° 08'W 1 [l
Formosa Reserva Nacional Formosa (RNF) 24° 17'S 61° 48'W 5 |
Formosa Reserva Privada El Bagual (RPB) 26° 10'S 58° 56'W 4 I, 1l
Jujuy Palma Sola (PS) 24°01'sS  64° 19W 4 I
Jujuy La Ronda (LR) 24°02'sS  64° 08'W 2 I
Reserva Privada Eco-Portal de Piedra
Jujuy (REPP) 24° 07'S 64° 24'W 5 I, IV
Jujuy Santa Clara (SC) 24°18'S  64° 39'W 4 I
Salta Las Tortugas (LT) 24°14'sS  64° 07'W 2 I
Salta Tartagal (TA) 22°26'S  63°48'W 1 I
Salta Tobantirenda (TO) 22°08'S  63°42'W 4 I
Brazil
Mato Groso Chapada dos Guimaraes (KT722808) 15°27'S  55° 44'W 1 Y
Mato Groso Pirizal (KT238826) 16° 12'S  56° 12'W 1 I
Mato Groso Poconé (KJ557134) 16° 15'S  56° 37'W 1 [l
1

Minas Gerais Perdizes (KP686061) 19°10'S  47° 06'W




