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Abstract
The present study reports on patterns of parasitism by Amblyomma humerale on yellow-footed tortoise, Chelonoidis
denticulatus, in the Atlantic Forest of southeastern Brazil. The tortoises were sampled occasionally, from July 2005
to January 2020. We collected 81 adult ticks from seven tortoises (mean = 11.57 ± 6.90 ticks/host), of which 72
were males (88.9%) and nine females (11.1%), resulting in an 8:1 sex ratio (males:females). Males were found in
clusters, attached to the carapace. Females occurred mainly isolated, attached to coriaceous integumental areas
(n = 7; 77.8%), especially the engorged females (100%). We suggest that the difference between attachment sites
is a strategy used by fertilized females to avoid mechanical removal from their host through friction with elements
of the environment. Because they undergo a considerable increase of volume when engorged, they move to more
sheltered places on their host’s surface. The parasitism patterns by A. humerale on C. denticulatus were compatible
with those observed in the Amazon region and in the Cerrado-Amazonia transition. The present work provides
information about the life history and host-parasite interface of the two species and contributes to understanding
the parasitism patterns by A. humerale on C. denticulatus in the Atlantic Forest of southeastern Brazil.
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Resumo
O presente estudo relata os padrões de parasitismo de Amblyomma humerale em jabuti-tinga, Chelonoidis denticulatus, na
Mata Atlântica do sudeste do Brasil. Os jabutis foram amostrados de forma ocasional, entre julho de 2005 e janeiro de
2020. Foram amostrados sete jabutis e coletados 81 carrapatos adultos (media = 11,57 ± 6,90 carrapatos/hospedeiro),
sendo 72 machos (88,9%) e nove fêmeas (11,1%), resultando em uma razão sexual de 8:1 (machos:fêmeas). Os machos
encontravam-se agrupados e aderidos à carapaça. As fêmeas ocorreram principalmente isoladas e fixadas a áreas
de tegumento coriáceo (n = 7; 77,8%), especialmente as fêmeas ingurgitadas (100%). Sugere-se que a diferença entre
os locais de fixação seja uma estratégia das fêmeas fecundadas para evitar a remoção mecânica por atrito com o
ambiente, uma vez que aumentam consideravelmente seu volume quando ingurgitadas, se deslocando para locais
mais abrigados na superfície do hospedeiro. Os padrões de parasitismo de C. denticulatus por A. humerale foram
compatíveis com aqueles observados na Amazônia e na transição Amazônia-Cerrado. O presente trabalho contribui
com informações acerca da história de vida e da relação parasito-hospedeiro entre as duas espécies, contribuindo para
o entendimento dos padrões de parasitismo de A. humerale em C. denticulatus na Mata Atlântica do sudeste do Brasil.
Palavras-chave: Ectoparasito, interação parasito-hospedeiro, infestação, carrapato, jabuti-tinga.
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Ticks are of great importance in epidemiological studies on diseases due to the deleterious effects that they
cause, such as blood spoliation and transmission of infectious agents to hosts. These hosts can include domestic
and wild animals, as well as humans (Estrada-Peña et al., 2004; Guglielmone et al., 2014; Witter et al., 2016).
Worldwide, 136 species of the genus Amblyomma Koch, 1844 have been described, including 46 that are
exclusive to the Neotropical region (Guglielmone et al., 2014). In Brazil, 33 species of this genus have been
recorded (Martins et al., 2019). The tick Amblyomma humerale Koch, 1844 is considered to be an endemic species
in South America, and its presence has been reported in Bolivia, Brazil, Colombia, Ecuador, French Guiana, Guyana,
Suriname, Trinidad and Tobago and Venezuela (Labruna et al., 2002a; Morais et al., 2017). In Brazil, this species
can be found in the Amazon region (Labruna et al., 2002a, 2004; Gianizella et al., 2018), transition zone between
the Cerrado (the Brazilian savanna) and Amazon rainforest (Morais et al., 2017) and Atlantic Forest (Sinkoc & Brum,
1997; Ogrzewalska et al., 2007).
Parasitism by adult A. humerale has commonly been associated with terrestrial turtles (Testudines, Testudinidae),
such as Chelonoidis denticulatus (Linnaeus, 1766) (yellow-footed tortoise) and Chelonoidis carbonarius (Spix, 1824)
(red-footed tortoise) (Labruna et al., 2002a; Ogrzewalska et al., 2007; Guglielmone et al., 2014; Morais et al., 2017;
Martins et al., 2020). Other reports have described parasitism of adult A. humerale on the toad Rhinella arenarum
(Hensel, 1867) (previously Bufo arenarum - Anura, Bufonidae; Sinkoc & Brum, 1997) and, under laboratory conditions,
on Trachemys scripta (Wied-Neuwied, 1839) (red-eared slider - Testudines, Emydidae; Martins et al., 2020). Immature
stages of the parasite have already been found on caimans, lizards and snakes (Labruna et al., 2002a; Martins et al.,
2020), wild mammals (Witter et al., 2016; Fuverki et al., 2021) and birds (Ogrzewalska et al., 2010; Souza et al., 2020).
Although reports on the usual hosts of A. humerale in the different biomes in which it occurs have been produced,
details of parasitism patterns exhibited by this species have been described only for the state of Rondônia, in the
Amazon region (Labruna et al., 2002a), and in the central-western portion of Mato Grosso state, in the CerradoAmazonia transition (Morais et al., 2017).
The aim of the present study was to report on the parasitism patterns shown by A. humerale on C. denticulatus
in the Atlantic Forest of southeastern Brazil.
From July 2005 to January 2020, specimens of C. denticulatus were occasionally recorded when spotted on unpaved
roads inside the Vale Natural Reserve (Reserva Natural Vale, RNV; -19.0211S, -40.0717W and -19.2536S, -39.8686W).
This protected area is located in the municipality of Linhares, in the northern region of the state of Espírito Santo,
southeastern Brazil. The tortoises were collected manually and inspected for ticks. Male ticks and engorged and
non-engorged female ticks were counted separately, and the locations of the parasites were recorded. The tortoises
and their parasites were photographed, and the ticks were then collected from them (SISBIO 21990). The ticks
collected were immediately stored in plastic bottles containing 70% ethanol for subsequent identification.
Identification was done through observation of morphological characteristics, as described in the specialized
literature (Guimarães et al., 2001; Barros-Battesti et al., 2006), with the aid of a stereomicroscope StemiTM DV4 (Carl
ZeissTM, Jena, Germany). A voucher specimen was deposited in the tick collection “Coleção Nacional de Carrapatos
Danilo Gonçalves Saraiva” (CNC), at the School of Veterinary Medicine of the University of São Paulo, with voucher
number CNC-4086.
To assess parasitism patterns, the mean, standard deviation and amplitude of the infestation rates of male ticks
and female (engorged and non-engorged) ticks were calculated, along with the sex ratio of the parasites. Parasite
attachment sites were also characterized.
We recorded 81 adult ticks of the species A. humerale that were found on seven specimens of C. denticulatus
(Table 1). The mean infestation rate was 11.57 ± 6.90 (minimum = 1; maximum = 22) ticks per specimen. Among
the ticks recorded, 72 were males (88.9%) and nine females (11.1%), resulting in an infestation sex ratio of
8:1 (males:females). Male ticks had a mean infestation rate of 10.29 ± 6.92 (minimum = 0; maximum = 21) ticks
per host. Only one tortoise did not have any male ticks on it. The mean infestation rate of A. humerale females was
1.29 ± 0.95 (minimum = 0; maximum = 3) ticks per tortoise. Similar to what was observed for male ticks, only one
host did not have any female ticks on it. Almost all the male ticks were found clustered (n = 71; 98.6%) and were
attached to the scutes of the carapace or to the intersections of the scutes (Figure 1). Females occurred mainly in
isolation (n = 8; 88.9%) and parasitism was observed mainly in regions of coriaceous integument (n = 7; 77.8%),
such as the neck region (ventral and dorsal areas; Figure 1), pelvic limbs (close to the carapace) and base of the
tail. In only two cases, the females were attached to the scutes of the carapace (22.2%). Out of the nine females
collected, five were engorged (55.6%). The two females attached to the carapace were not engorged.
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Table 1. Number of adult individuals of Amblyomma humerale parasitizing Chelonoidis denticulatus, according to the recorded
date and the sex of the ticks, in the Atlantic Forest of southeastern Brazil (from July 2005 to January 2020).
Sampling date

Number of males

Number of females

Total

Jul 19, 2005

15

1

16

Mar 8, 2014

9

3

12

Jan 28, 2016a

7

0

7

Jan 28, 2016b

14

1

15

Apr 14, 2018

6

2

8

Sep 27, 2019

0

1

1

Jan 15, 2020

21

1

22

Total

72

9

81

Figure 1. Amblyomma humerale parasitizing Chelonoidis denticulatus in the Atlantic Forest of southeastern Brazil: engorged
female attached to coriaceous integument of the neck (arrow), clustered males on the scutes of the carapace (double arrow)
and isolated male (triple arrow).

Parasitism of C. denticulatus by A. humerale had previously been reported in RNV (Ogrzewalska et al., 2007).
Another previous record in Espírito Santo (municipality of Pinheiros, in the extreme north of the state) included
reporting of Rickettsia amblyommatis (published as Rickettsia amblyommii) in this tick species for the first time
(Acosta et al., 2016). In the previous study in RNV, 43 adult ticks (35 males and eight females) were found on two
tortoises, with an average of 21.50 ticks per specimen (Ogrzewalska et al., 2007). Unlike the work of Ogrzewalska et al.
(2007), the average infestation rate observed in the present study was almost 1.9 times lower. In the previous work,
the collections were carried out at the beginning of April 2006 (sampling at a single time), while the collections
carried out in the present work occurred at different times and seasons. However, it is worth mentioning that a
tortoise that was collected in April of one of the years of our study was infested with eight ticks, and that this rate
was also lower than what was found by Ogrzewalska et al. (2007). It has been reported that adult ticks of the genus
Amblyomma sp. have a certain seasonality regarding the degree of activity in the environment and infestation of
their hosts, with the peak of infestation between August and March, mainly in the spring and summer seasons
(Oliveira et al., 2000; Labruna et al., 2002b; Labruna et al., 2003; Luz et al., 2015), noting also that the peak of
infestation may extend until April (Morais et al., 2017). The proximity of the sampling reported by Ogrzewalska et al.
(2007) to the summer period may have been the explanation for the higher mean infestation rate that they found.
In the present sampling, the highest number of ticks was recorded in January, at the beginning of summer, and
the lowest number in September, which corresponds to the end of winter.
Microclimatic factors from the habitat may also interfere with tick infestations. Torres et al. (2018), in the state
of Pará (Amazon region), observed greater infestation by ticks of the genus Amblyomma sp. on amphibians and
reptiles collected in open areas, such as pastures and savannas, than in closed wooded areas. Open areas have
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higher incidence of solar radiation and therefore are hotter, which provides a favorable scenario for the activity and
development of parasites (Labruna et al., 2003). In the present study, the sampling took place in forested areas,
which may explain why the specimens were less infested. Unfortunately, in Ogrzewalska et al. (2007), there is no
detailed information about the areas where the tortoises were collected, for better comparison among the studies.
Overall, parasitism rates among male ticks were higher, with the exception of the specimen that only had
one engorged female. Thus, males were predominant in the sex ratio of the present study. Higher occurrence of
A. humerale males parasitizing C. denticulatus in the Amazon region was noticed by Labruna et al. (2002a), in the state
of Rondônia, with a 10.3:1 ratio (male: female); and by Ogrzewalska et al. (2007) in RNV, although the proportion
of males was 1.8 times lower than what was recorded in the present study (sex ratio of infestation = 4.4:1).
The longer attachment time of male ticks on parasitized organisms may explain the greater presence of males
of this genus on hosts, compared with female ticks. It should be emphasized that the ticks remain attached during
the period in which they feed and mate (Anderson & Magnarelli, 2008), and that females leave their hosts to lay
their eggs. Under laboratory conditions, A. humerale females were found to remain attached to red-eared sliders
for an average of 24 days (± 5.8; Martins et al., 2020). There is a lack of studies on the duration of attachment of
A. humerale males on their hosts, but under experimental conditions, Amblyomma sculptum Berlese, 1888 (published
as Amblyomma cajennense) male ticks remained attached to their hosts for up to 86 days (Pinter et al., 2002). Similar
results were observed by Labruna et al. (2002b) in a study on A. sculptum (published as A. cajennense) parasitizing
grazing horses in the state of São Paulo.
Overall, the males in the present study were observed forming clusters, which on one occasion also had the
presence of a non-engorged female. On another occasion, a non-engorged female was adjacent to the male group,
but without contact with other specimens (a few centimeters apart from them). This may have been due to the
fact that male ticks secrete pheromones that stimulate aggregation of other males, females and nymphs around
them (Rechav et al., 1977), thus inducing the formation of clusters.
A difference between the ticks’ attachment sites was noticed. Females were more commonly found attached to
soft tissues, especially engorged females, differently from males, which were observed adhering to the carapace.
This pattern had already been reported previously, although no justification for such behavior was presented
(Labruna et al., 2002a; Morais et al., 2017). We suggest that after fertilization, the females move to more sheltered
places on the surface of the host’s body. As they become engorged, they increase their volume considerably, and
become more susceptible to mechanical removal when the tortoise moves against vegetation or the substrate.
Therefore, the parts of the leathery tissue near the edge of the carapace and areas that could become hidden inside
the carapace when the animal retracts are more protected, unlike the surface of the carapace, which is constantly
subject to friction with the environment.
The present study demonstrated that the parasitism patterns shown by A. humerale on C. denticulatus in
the Atlantic Forest were compatible with those observed in the Amazon region and in the Cerrado-Amazonia
transition. This study contributes new information about the life history of these two species and their host-parasite
interface. Development of further studies describing the feeding behavior of males and females of A. humerale is
recommended, which may provide detailed information about the biology of this species and the peculiarities of
its interaction with its hosts under natural conditions.
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