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Abstract

The Rhipicephalus sanguineus (Latreille) complex (Acari:Ixodidae) is composed of species with intra- and inter-
specific morphological variation that make their diagnosis difficult. In the present study, male specimens of the
R. sanguineus complex were collected from dogs in six districts of three regions of Brazil and submitted to mo-
lecular and scanning electron microscopy (SEM) analyses. Analysis of COX1 gene, 12S rDNA, and D-loop rDNA
shows that ticks classified as R. sanguineus form two different clades. Morphological comparisons using SEM
found adult males to exhibit morphological differences in Haller’s organ, festoons, and adanal, spiracular, and
genital plates, with the last having potential usefulness in distinguishing male specimens of the complex.
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Rhipicephalus sanguineus (Latreille), also known as the “brown dog
tick,” is the most widespread ectoparasite of dogs, and probably has
the largest zoogeographic range among ticks. This species exhibits
great intraspecific morphological diversity, as noted by several au-
thors (Pegram et al.1987a; Estrada-Pena and Sanchez 1988; Ribeiro
et al. 1995; Oliveira et al. 2005; Rosa et al. 2006, 2010). The species
is also recognized as a vector of numerous pathogens (Walker et al.
2005, Dantas-Torres 2008, Gray et al. 2013), and is responsible for
considerable public health issues and animal deaths worldwide
(Dantas-Torres 2008).

This tick is an introduced species in South America, with mul-
tiple routes involved in its colonization (Szabo et al. 2005), and was

first recorded in Brazil early in the 20th century (Rohr 1909). The
process of human migration can generate, for the people involved,
severe health consequences, including the spread of endemic diseases
and the outbreak of diseases initiated by human penetration into
natural environments. Changes in nosology in different regions and
in the epidemiological characteristics of various diseases have re-
sulted from such human movements (Marques 1983).

Burlini et al. (2010) believed that R. sanguineus sensu stricto
(s. s.) was the only species of this genus in Latin America; however,
several studies evaluating morphology, biology, and genetics
have shown that there are at least two species (Oliveira et al. 2005,
Szab6 et al. 2005, Moraes-Filho et al. 2011, Levin et al. 2012,
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Nava et al. 2012, Labruna et al. 2017). Based on these findings,
the application of the term “R. sanguineus species group” or

»

“R. sanguineus species sensu lato (s. 1.)” was suggested instead of
“R. sanguineus sensu strictu” (Nava et al. 2015, Labruna et al. 2017).
The morphological similarity of these two species, and the minor vari-
ation among individual ticks, makes the identification of taxa of the
R. sanguineus group difficult (Pegram et al. 1987a,b; Dantas-Torres
et al. 2013). However, based on morphological and genetic variation,
Dantas-Torres et al. (2013) divided the world population of R. sangui-
neus into tropical species (R. sanguineus s. 1.) and temperate species
(R. sp. IT). Zemtsova et al. (2016) also observed a similar pattern of
distribution between temperate and tropical regions.

Therefore, in this paper we will refer to these entities as the “tropical

>

species” and the “temperate species,” although it needs to be kept in
mind that these entities might not actually represent individual species.

Due to the relevance of this “species complex” as a parasite of
dogs and its capacity to serve as a vector in Babesia vogeli (Costa-
Janior et al. 2009, O’Dwyer et al. 2009, Ramos et al. 2010),
Ebrlichia canis (Vieira et al. 2011, Tanikawa et al. 2013), and
Rickettsia rickettsii (Moraes-Filho et al. 2009, Cunha et al. 2009,
Gehrke et al. 2009) transmission, it has been the focus of numerous
studies. Analysis of morphological and molecular variation among
populations and species is valuable information and could contrib-
ute to a better understanding of regional differences in the epidemi-
ology of diseases transmitted by R. sanguineus s. 1.

Therefore, the aim of this study was to make morphological and
molecular comparisons of male R. sanguineus s. 1. from different geo-
graphical regions of Brazil, using scanning electron microscopy (SEM)
and mitochondrial genes COX1, 12S rDNA, and D-loop rDNA.

Materials and Methods

Male specimens of ticks classified as Rhipicephalus sanguineus were
collected from dogs in six states of three regions of Brazil: Roraima
(RR) and Rondénia (RO) from the North, Pernambuco (PE) and
Rio Grande do Norte (RN) from the Northeast, and Parani (PR)
and Rio Grande do Sul (RS) from the South. Some of the ticks col-
lected in each state were used for morphological analysis with SEM,
while the remainder were used for molecular analysis. Tick collec-
tions were undertaken as a partnership between the Laboratério de
Referéncia Nacional em Vetores das Riquetsioses (LIRN)—IOC/
FIOCRUZ and state Health Departments in Brazil.

The identification of ticks followed Aragao and Fonseca (1961),
Walker et al. (2005), and Guglielmone et al. (2006).

For morphological analysis, 30 specimens from each state were
examined under a stereomicroscope (Leika), with those having the
best physical integrity being chosen for SEM processing. These ticks
were cleaned with distilled water, dehydrated in an increasing alco-
hol series with solutions of 50, 60, 70, 80, 90, and 100%, placed on
metallic supports, coated with a thin layer of gold (20-30 nm), and
examined with a JEOL 6390LV scanning electron microscope
(SEM) (Akishima, Tokyo, Japan).

The morphological structures analyzed included the capitulum,
Haller’s organ, adanal plates, genital opening, spiracles, festoons,
and other aspects of general morphology. The terminology used fol-
lowed Walker et al. (2005).

Molecular analysis was performed on tick samples from all the
states analyzed in the morphological study with the exception of
Pernambuco because it had an insufficient number of specimens.
Ticks were submitted to DNA extraction as described elsewhere
(Aljanabi and Martinez 1997; method with NaCl). The final number

of processed ticks was 11 from RN, 10 from RO, 10 from RR, 14
from PR, and 23 from RS. Polymerase chain reaction (PCR) was
executed according to the methodology proposed by Bitencourth
et al. (2016), using the GeneAmp PCR System 9700 (Applied
Biosystems, CA). The primers used were T1B and T2A for 12S
rDNA (=360 bp; Beati and Keirans 2001) and D-loop 3-1x and D-
loop 4-1x, for D-loop rDNA (2440 bp; Burkman 2009). The COX1
gene (~820 bp) was amplified with primers Cox1F and Cox1R under
the temperature/time cycle 95°C 5’5 [95°C 307, 55°C 1°, 72°C 1/
Kb] 40X; 72°C 5% 20°C oo (Chitimia et al. 2010). The PCR products
were submitted to electrophoresis on a 2% agarose gel stained with
ethidium bromide. The amplicons with the expected size were puri-
fied using the NucleoSpin Extract II Kit (Macherey Nagel, KG,
Germany), following the manufacture’s protocol. Sequencing reac-
tions were performed using a BigDye Terminator Version 3.1 Cycle
Sequencing Kit (Applied Biosystems), with the same PCR primers,
and sequenced on an ABI 3730 DNA Analyzer (Applied Biosystems).

The sequences were edited in ChromasPro 1.5 (Technelysium Pty
Ltd, QId, Australia) and deposited in GenBank with the accession num-
bers KX383796-KX383820 for COX1 gene, KX383865-KX383911
for 12S rDNA, and KX383821-KX383864 for D-loop (Supp. Table 1
[online only]). A total of 47 individual sequences were generated for 12S
rRNA (10 from RN, 7 from RO, 6 from RR, 14 from PR, and 10 from
RS), 44 individual sequences for D-loop rDNA (9 from RN, 7 from RR,
11 from PR, and 17 from RS), and 25 individual sequences for the gene
COX1 (3 from RN, 7 from RO, 1 from RR, 3 from PR, and 11 from
RS). Only eight specimens had sequences for all three mtDNA portions
(LIC5958B and LIC5958C from RN, 6084B from RR, 5584D and
6664A from PR, and 5424B, 5533B, and 5554A from RS).

In a previous study done by our group, specimens collected in
other states were subjected to the same molecular analyses and the
generated sequences were deposited in GenBank with the accession
numbers KX714591-KX714601.

After alignment with MAFFT online server (Kuraku et al. 2013),
PhyML with Smart Model Selection (Guindon et al. 2010) was used
to identify the optimal evolutionary model that best described our
sequence dataset and to construct maximum-likelihood phylogenetic
trees. Akaike information criterion (AIC) indicated the models that
best fit each sequence dataset and the results were
HKY85 + G + I+F for the concatenated dataset (12S +COX1) and
TN93 + G +F for 12S rDNA, COX1 gene, and D-loop rDNA. As a
measure of the robustness of each node, bootstrapping was applied
with 1,000 replicates. The pairwise analysis of COX1 sequences
was conducted using the Kimura 2-parameter (K2P; Kimura 1980)
method in MEGA 5.2 (Tamura et al. 2011). This analysis used the
sequence KC243890, with 472 bp as the boundary length.

Results

Analysis of the dorsal region of the specimens revealed inter- and
intraspecific variation in the distribution of setae (Fig. 1).

The capitulum is the movable anterior portion of the body and is
composed of a basis capitulum, a hypostome (hyp), two palps (P),
and two chelicerae (Ch; Walker et al. 2005; Fig. 2). The basis capit-
ulum is the basal portion of the capitulum where mouthparts are at-
tached. In the genus Rhipicephalus, the basis capitulum is hexagonal
in shape and, in all the specimens analyzed, was found to possess
setae and sensilla without a clear pattern of distribution (Fig. 2).

The anterior pit of Haller’s organ possesses a set of sensilla that varies
in form and number among the studied populations. This intraspecific
variation includes specimens possessing five (Fig. 3B—Roraima,
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Fig. 1. Scanning electron micrographs of adult male Rhipicephalus sangui-
neus (Acari: Ixodidae) collected in Brazil. Dorsal and ventral view of ticks from
(A) Rondénia (x 33); (B) Rondonia (x 23); (C) Roraima (x 27); (D) Roraima
(x 30); (E) Pernambuco (x 25); (F) Pernambuco (x 27); (G) Rio Grande do
Norte (x 25); (H) Rio Grande do Norte (x 25); (I) Parana (x 23); (J) Parana
(x 25); (L) Rio Grande do Sul (x 23); and (M) Rio Grande do Sul (x 25).

3C—Pernambuco, 3D—Rio Grande do Norte, 3E—Parand, 3F—Rio
Grande do Sul), or six sensilla (Fig. 3A—Rondonia).

Festoons (F) also exhibited intraspecific variation with specimens
from four states, including Rio Grande do Sul, possessing festoons
divided into 11 distinct rectangular portions that are delimited by
only deep lateral grooves (Fig. 4A, E, G, and L). The festoons of spe-

cimens collected in Roraima and Parand are delimited by lateral

100pm

100Hm

Fig. 2. Scanning electron micrographs of the capitulum of adult male
Rhipicephalus sanguineus (Acari: Ixodidae) collected in Brazil. Dorsal and ven-
tral view of ticks from (A) Rondénia (x 100); (B) Ronddnia (x 130); (C) Roraima
(x 180); (D) Roraima (x 130); (E) Pernambuco (x 130); (F) Pernambuco (x 130);
(G) Rio Grande do Norte (x 120); (H) Rio Grande do Norte (x 120); (I) Parana
(x 170); (J) Parana (x 120); (L) Rio Grande do Sul (x 100); and (M) Rio Grande
do Sul (x 110). P, palps; Ch, chelicerae; hyp, hypostome.

grooves (Lg) and by the marginal groove (Mg; Fig. 4C and I). The
caudal process (Cp) is a protrusion of the central festoon in fed
males (Bristol University Tick ID), and exhibited variation in size
among the studied specimens (Fig. 4D, H, J, and M).

In all the specimens studied, the anal orifice is composed of two
valves (v) and anal groove (Ag) in all specimens collected compose
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Fig. 3. Scanning electron micrographs of the Haller's organ of adult male Rhipicephalus sanguineus (Acari: Ixodidae) collected in Brazil. (A) Rond6nia (x 2000);
(B) Roraima (x 2000); (C) Pernambuco (x 1000); (D) Rio Grande do Norte (x 2000); (E) Parana (x 1000); and (F) Rio Grande do Sul (x 1000). aP, anterior pit.

the anal orifice. The valves are articulated and possess four setae
arranged symmetrically on each part, for a total of four pairs
(Fig. 4). A postanal median groove (pmg) was observed in specimens
from Roraima and Rio Grande do Sul (Fig. 4D and M).

Adanal plates (Ad) and accessory shields (As) form the ano-

genital region and are a ventral pair of large sclerotized struc-

tures on the side of the anus in males (Walker et al. 2005, Krantz
and Walter 2009; Fig. 4). The two pairs of adanal plates of the

studied specimens were parallel, long, and varying in form with
some having a sharp posterior margin (Fig. 4B) while others were
rounded (Fig. 4F). The accessory shields are located outside the
adanal plates and vary in form (Fig. 4). No regular pattern of dis-
tribution of setae could be observed for these structures (Fig. 4).
Spiracular plates vary in form, with some being narrow
(Fig. SA—Rondonia, C—Pernambuco, E—Parand, and F—Rio
Grande do Sul), while others are wide (Fig. 5SB—Roraima and D—Rio
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Fig. 4. Scanning electron micrographs of posterior part of body of adult male
Rhipicephalus sanguineus (Acari: Ixodidae) collected in Brazil. Dorsal and ven-
tral view of ticks from (A) Rondonia (x 95); (B) Rondénia (x 70); (C) Roraima
(x 70); (D Roraima (x 75); (E) Pernambuco (x 85); (F) Pernambuco (x 85); (G)
Rio Grande do Norte (x 85); (H) Rio Grande do Norte (x 80); (I) Parana (x 75);
(J) Parana (x 65);(L) Rio Grande do Sul (x 80); and (M) Rio Grande do Sul
(x 65). F, festoon; Lg, lateral groove; Mg, marginal groove; Pmg, postanal median
groove; Ag, anal groove; v, valves; Ad, adanal plates; As, accessory shields.

Grande do Norte). The portion called the ostial lip (OI) also varies
in size and shape, and possesses a random distribution of surface
pores (sp; Fig. 5).

The genital plate exhibits intraspecific variation in angle, but all
specimens of the tropical species have a pointed end (Fig. 6A-E). On

the other hand, the specimen from Rio Grande do Sul, the represen-
tative specimen of the temperate species, exhibited a small recess in
the end of the structure that forms two pointed ends rather than one
(Fig. 6F).

Sequences of 12S rDNA (238bp) and COX1 (472bp) genes
were concatenated and used for phylogenetic analysis (Fig. 7). The
resulting tree shows a clear separation between specimens from Rio
Grande do Sul and those from states in the North, Northeast, and
South regions of the country.

Analyses of the individual sequences of 12S rDNA (273 bp),
COX1 (453 bp), and D-loop (322 bp) corroborate the results ob-
tained with the concatenated sequence. Phylogenetic analyses found
that the sequences for ticks collected in Rio Grande do Sul form a
clade separate from a clade composed of ticks from the other 14
states (Supp. Figs. 1-3 [online only]), with the exception of ticks col-
lected in Santa Catarina, which, in the analysis of CO1X gene, were
found to belong to the same clade as the ticks from Rio Grande do
Sul (Supp. Fig. 2 [online only]).

Several publications have pointed out that R. sanguineus is a
complex of at least two, one with a tropical distribution and another
with a temperate distribution (Szabd et al. 2005, Moraes-Filho et al.
2011, Nava et al. 2012, Levin et al. 2012, Dantas-Torres et al.
2013, Zemtsova et al. 2016, Labruna et al. 2017). The present study
follows the classification of R sanguineus s. 1., as proposed by
Labruna et al. 2017, and will refer to species as the tropical species
(tropical specimens) and the temperate species (temperate
specimens).

The molecular results presented here show that sequences ob-
tained from ticks collected in the states of Rio Grande do Sul and
Santa Catarina form a clade with sequences of the temperate species,
while sequences of ticks from other states form a clade with se-
quences of the tropical species (Fig. 7, Supp. Figs. 1-3 [online only]).

Supp. Table 2 (online only) provides the pairwise distances
observed between the sequences of the different species of the genus
Rhipicephalus. Supp. Table 2 (online only) shows the minimum and
maximum distances observed when more than one sequence of a
species was used. The intraspecific distance of the tropical species
and the temperate species do not exceed 3%. The sequence
KX383797, which refers to a tick of the tropical species collected in
the state of Parand, shows the greatest intraspecific distance with
2.5% divergence.

A specimen classified as R. turanicus, collected in Turkey
(AF132841; Murrell et al. 2000), has a divergence value of 4%
when compared with three other sequences of specimens also classi-
fied as R. turanicus and that were collected in Italy (KC243917;
KC243919) and Greece (KC243912; Supp. Table 2 [online only]).
The divergence values among these three sequences are <3%.

All other comparisons between different species exceed 4%,
with the least difference existing between the tropical species and
R. guilhoni (5.8-7.3%). The two species found in Brazil, the tropical
species and the temperate species, have divergence values of 12.3—
13.4%. The comparisons R. annulatus X R. australis (8.5%),
R. compositus X R. simus (9.3%), and R. guilhoni X temperate spe-
cies (11.2-11.7%) have values lower than the values for the com-
parison between the tropical species and the temperate species.

Discussion

Rhipicephalus sanguineus s.s. was first described by Latreille (1806)
as “blood-colored, punctuate, with three linear posteriorly depres-
sions, with no distinct spot on the anterior part of the dorsal
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Fig. 5. Scanning electron micrographs of spiracular plates of adult male Rhipicephalus sanguineus (Acari: Ixodidae) collected in Brazil. (A) Rondénia (x 270);
(B) Roraima (x 270); (C) Pernambuco (x 170); (D) Rio Grande do Norte (x230); (E) Parana (x 220); and (F) Rio Grande do Sul (x 200). Ol, ostial lips; Sp, surface pore.

surface.” Gallia was given as the collection site, a name that
would, in 1806, refer to a place now considered to be in France
(Nava et al. 2015).

The limited original description and the loss of the type speci-

men are probably the main sources of problems associated with

the name R. sanguineus s.s. Some authors have suggested that the
true R. sanguineus s.s. is the species found in tropical regions

(Nava et al. 2012), although this association still needs more study
in order to be supported.

Currently, R. sanguineus refers to a complex of species (R. sangui-
neus s. l.) that possess morphological variation, well-supported molecu-
lar divergence, and reproductive incompatibility (Szabé et al. 2005,
Moraes-Filho et al. 2011, Nava et al. 2012, Levin et al. 2012, Dantas-
Torres et al. 2013, Zemtsova et al. 2016, Labruna et al. 2017).
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Fig. 6. Scanning electron micrographs of genital plates of adult male Rhipicephalus sanguineus (Acari: Ixodidae) collected in Brazil. (A) Rondénia (x 160);
(B) Roraima (x 140); (C) Pernambuco (x 160); (D) Rio Grande do Norte (x 130); (E) Parana (x 130); and (F) Rio Grande do Sul (x 180). Gp, genital plate.

Ticks of the genus Rhipicephalus were considered difficult to clas-
sify because they possess a high level of intrageneric morphological
uniformity and intraspecific variability. In addition, some authors
mention that females are even more difficult to identify since most of
the useful characters are found only in males (Warburton 1912).

Despite the difficulties in classifying ticks of this genus, morpho-
logical differences were observed between female ticks classified as

R. sanguineus collected in Sao Paulo, Brazil, and Santa Fé,
Argentina (Oliveira et al. 2005). Since this study had already ad-
dressed female morphology, we choose to perform genetic and mor-
phological analyses using male ticks.

The analyzed sequences of the mitochondrial genes COXI1,
D-Loop, and 12S rDNA all show that ticks from Rio Grande do Sul,
belong to a different well-supported clade separate from a clade of
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Fig. 7. Phylogenetic analysis of Rhipicephalus sanguineus specimens from Brazil. Maximum likelihood phylogenetic tree of Rhipicephalus species using a con-
catenated sequence of 12S rDNA (238 bp) and COX1 (472 bp) sequences. Scale bar represents genetic distance. Numbers at the branches show bootstrap values
(100 = 1,000). Genbank accession numbers are indicated on the left. The triangles represent sequences generated in this study. Other sequences are from Murrell

et al. (2000), Dantas-Torres et al. (2013), Liu et al. (2013), and Burger et al. (2014).

ticks from the other 14 states representing all five geographical re-
gions of the country. The regions and their states are North
(Amazonas, Roraima, Rondénia, Tocantins, and Pard), Northeast
(Ceard and Rio Grande do Norte), Central-west (Mato Grosso,
Mato Grosso do Sul, and Goids), Southeast (Rio de Janeiro, Sao
Paulo, Espirito Santo), and South (Parand). Furthermore, analysis of
COX1 gene alone provides evidence that the species found in the
state of Rio Grande do Sul is the same as the one found in the state
of Santa Catarina.

Hebert et al. (2003) developed a COI-based identification system
that calculates the nucleotide divergence of 617 pb of the COX1
gene using the Kimura-2-parameter as an evolution model. When
applied to the study of lepidopterans they observed that divergence
values between species were usually greater than 3%. If the same
value is applied as a threshold to guide Rhipicephalus species diag-
nosis, we find that the sequences of the four ticks classified as R. tur-
anicus have nucleotide divergence values of 4%. Since these ticks
were collected from nearby locations and taxonomically classified as
the same species, and a reanalysis is not possible, we used 4% as the
threshold for classify specimens as belonging to the same species. As
result, we observed at least two comparisons with sequences of dif-
ferent species that have nucleotide divergence values higher than
4%, yet smaller than that observed between tropical species and
temperate species.

Studying ticks that have already morphologically differentiated
(Oliveira et al. 2005), Szabé et al. (2005) tested whether ticks from
Argentina and Brazil were able to generate viable progeny. Their re-
sults show that in addition to differences in size and other biological
characters, these crossings produced sterile hybrids. Another study
analyzed three geographically distant populations and showed that
ticks from Reunion are reproductively incompatible when crossed
with populations from Israel and the United States (Levin et al.
2012). Reproductive compatibility is expected among different
populations of a single species, while incompatibility is indicative of
crosses between different species. Regarding molecular data, both

studies analyzed mitochondrial 12S rDNA, and the resulting phylo-
genetic trees support the separation of ticks from Argentina and
Brazil (Szab6 et al. 2005), and from Reunion and Israel and the
United States (Levin et al. 2012). Szabé et al. (2005) came to con-
sider that there are at least two species of the R. sanguineus complex
in South America, and Levin et al. (2012) considered ticks from
Reunion to belong to a different species than those from the United
States and Israel, which were distinct populations of the same spe-
cies. The two species observed by these studies are what we are
referring to as the tropical species and the temperate species.

As with the molecular results, the morphological analysis per-
formed here shows differences between species, and confirmed that
there is intraspecific variation. The first difference observed was the
absence of a pattern in the distribution of the setae located on the
dorsum. Barnes and Ruppert (1996) affirmed that the number,
shape, and location of setae can vary from one stage to another and
among different species.

According to Sonenshine (1991), mechanosensory and chemo-
sensory receptors provide information regarding host fluids and are
often found on chelicerae (Ch). However, these structures were not
observed in the analysis presented here or by Oliveira et al. (2005).

Haller’s organ is a chemoreceptor and hygrosensor located dor-
sally on tarsi | (Colon et al. 1981). The arrangement of this organ
consists of an anterior pit (aP) and a proximal capsule, with several
sensilla that respond to different stimuli (Krantz and Walter 2009).
According Foelix and Axtell (1972), the Haller’s organ does not dif-
fer between larval and adult forms; however, other authors showed
that there might be intra- and interspecific variation (Bruce 1971,
Foelix and Axtell 1972).

We observed intraspecific variation in the set of festoons be-
tween specimens collected in Roraima and Parand and those from
the other states where the tropical species can be found. This speci-
men has its festoons delimited by the lateral grooves and by the mar-
ginal groove. All the other specimens, including the temperate
specimen, have their festoons only delimited by deep lateral grooves.
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Fig. 8. Brazilian and Southern Cone maps based on Rhipicephalus saguineus specimens analyzed and discussed throughout this study, showing the zone of over-
lap between the distributions of the tropical and the temperate species. Triangle—temperate species, Star—tropical species.

Oliveira et al. (2005) also observed that females collected in Sao
Paulo had their festoons delimited by lateral and marginal grooves.
Comparison of the size of palps and chelicerae provides an im-
portant character for distinguishing between males and females
(Walker et al. 2005). Oliveira et al. (2005) compared female ticks
and observed that the temperate species from Argentina possesses
palps slightly longer than its chelicerae, whereas the tropical species
from Brazil possesses palps much longer than the chelicerae. We
observed tropical specimens collected in Pernambuco (Fig. 2E) and
Rio Grande do Norte (Fig. 2G), and found them to possess palps
which could be considered to be slightly longer than chelicerae.

The anal orifice was found to be composed of two valves and
an anal groove in all specimens analyzed. The valves are articulated
and possess four symmetrically arranged setae on each part.
Oliveira et al. (2005) observed the pattern of four setae on each
valve for temperate species; however, the specimen from Sao
Paulo, the tropical species, possessed 3+ 1 setae. A postanal me-
dian groove was observed in both species (Fig. 4D and M), and is
known to occur in other species of the genus (Walker et al. 20035,
Horak et al. 2013).

Rhipicephalus is the tick genus in which the caudal process is
most commonly observed (Bristol University Tick ID). Here we
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found it to vary in size, although some seemed to not have the struc-
ture; however, this may be because they were not fed.

It is important to note that direct comparisons between the mor-
phological data observed by Oliveira et al. (2005) and our data can-
not be done, as they analyzed females while we analyzed males.
Nevertheless, some morphological characteristics that they observed
are not sexually dimorphic.

Previous studies have discussed the function of the spiracle
(Woolley 1972, Roshdy and Hefnawy 1973, Evans 1992, Dantas-
Torres et al. 2013). Hinton (1967) considered the pores of the spir-
acular plate to be functional openings for gaseous exchange, and the
ostium as a nonfunctional, collapsed ecdysial tube formed during
the nymphal-adult molt. On the other hand, Hefnawy (1970) sug-
gested that the spiracles are responsible for the physiological control
of water loss. The variation in the spiracular plates observed in this
study is also present in other species of the genus Rbipicephalus;
whereas spiracles of R. walkerae Horak, Apanaskevich et Kariuki,
2013 are long and narrow dorsally (Horak et al. 2013), those of
R. turanicus are enlarged (Pegram et al. 1987a). The present study
agrees with Dantas-Torres et al. (2013) that the perforation pattern
of the spiracular plates can vary among populations.

In summary, the morphological data presented here reinforce the
idea that Rhipicephalus exhibits a high level of intraspecific variabil-
ity and intrageneric morphological uniformity, while other struc-
tures are arranged randomly.

According to Walker et al. (2005) only the female genital aper-
ture has taxonomic value for the genus Rhipicephalus. However, the
present study provided information about the shape of the genital
plate (Gp) of male specimens collected in different localities and
showed the potential of this structure to be used as a character to
distinguish between the tropical species and the temperate species. It
is important to note that there is considerable intraspecific variation
in the shape this structure when we compare all the specimens of the
tropical species and, because of this, analysis of different specimens
of temperate species need to be done to confirm the taxonomic value
of this structure.

Our molecular results (12S rDNA, COI gene, and D-loop) and
those presented by Nava et al. 2012 (12S rDNA and 16S rDNA),
Moraes-Filho et al. 2011 (16S rDNA), and Zemtsova et al. 2016
(12S rDNA) show that the tropical species is found in 19 Brazilian
states, the South American countries Argentina, Paraguay, Peru,
Colombia, and Venezuela, and in at least 26 other countries. On the
other hand, the temperate species is found in at least two Brazilian
states (Santa Catarina and Rio Grande do Sul), 11 provinces of
Argentina, 3 Departments of Uruguay, and in Chile, Italy, Israel, the
United States, South Africa, France, Spain, and Portugal (Supp. Figs.
1-4 [online only]).

Two specimens analyzed here (KX714599.1 and KX714600.1),
and another analyzed by Moraes-Filho at al. (2011) (GU553075.1),
showed that both the tropical species and the temperate species are
found in the state of Santa Catarina. Some specimens are from
Garopaba, a seaside town with an altitude of 18 m above sea level, a
mesothermal humid climate with hot summers and average annual
temperature of 19.9°C, while others came from Lages, a city located
in a high region, average of 884 m above sea level, and a subtropical
temperate climate with an average annual temperature of 16°C. The
characteristics of these two cities may explain why the temperate
species is found in the city of Lages, while the tropical species is
found in the city of Garopaba. In fact, the species distribution in
these cities corroborates the results of Zemtsova et al. (2016) who
observed that the temperate species was confined to areas with an
annual mean temperature between 10° and 20°C, while the tropical

species occupies localities with an annual mean temperature above
20°C.

According to the locations of the cities where the samples ana-
lyzed and discussed throughout this article were collected, a zone of
overlap (sympatry) in the distributions of the two species can be
observed starting at GPS coordinates 24° 12’ S-65° 19> W (San
Salvador de Jujuy—Argentina—]JX195167.1), the most northern lo-
cation for the temperate species, and ending at 28° 01’ S-48° 36’ W
(Garopaba—Brazil), the most southern location of the tropical spe-
cies (Fig. 8). Indeed, Szabd et al. (2005) showed that the temperate
species was able to live at a constant temperature of 20 °C, a relative
humidity of 80 + 5%, and a photoperiod of 14:10 (L:D) h for 2mo
and after this the tick yield of engorged females increased to 100%.

The 10 specimens from the state of Parand, which were molecu-
larly classified as the tropical species, were collected in five cities;
Santa Cruz de Monte Castelo (22° 57’ S-53° 17> W) was the most
northern city, while Uniao da Vitéria (26° 13’ S=51° 05> W) was the
most southern city. If we consider that the average annual tempera-
ture of Uniao da Vitdria is 17.9°C, the results of Zemtsova et al.
(2016) do not explain the presence of the tropical species in this city.
It is possible that, just as there is spatial overlap, there may be over-
lap in the average annual temperature preferred by these two spe-
cies, and the fixed value of 20°C may not be the temperature that
determines their location.

Regarding the temperate species, since more than half of the ter-
ritory of Parand is located south of the city of San Salvador de Jujuy
and some cities in the south of the state have annual average tem-
peratures below 20°C, such as Guarapuava (17°C) and Curitiba
(16.5°C), it is possible that this species can also be found in the state
of Parand. Despite these possibilities, further studies are needed to
examine whether both species are in fact found in this state.

Environmental (Zemtsova et al. 2016) and biological factors ap-
pear to influence the dispersion pattern of R. sanguineus s. |. Indeed,
Labruna et al. (2017) present results indicating that the absence of
the temperate species in tropical regions of Brazil is correlated to a
state of inactivity or dormancy (diapause) presented by adult ticks
right after molting from nymphs. In contrast, the absence of the
tropical species in temperate regions of Brazil is correlated to the
fact that this tick species does not enter diapause, and thus is more
sensitive to the lethal effects of winter.

Identifying which species is present in a given territory is also
important for public health, as vector competence apparently dif-
fers between the two species. Tick populations from two Brazilian
states (Sao Paulo and Rio Grande do Sul), one population from
Argentina, and another from Uruguay were analyzed and only
ticks from Sao Paulo were shown to be competent vectors of
E. canis. The molecular results show that of these, only ticks from
Sao Paulo belong to the tropical species (Szabd et al. 2005,
Moraes-Filho et al. 2015).
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