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Abstract

Background: Amblyomma sculptum is a hard tick that is associated with domestic animals and the transmission of
Brazilian spotted fever. This association has motivated several field studies on this ixodid tick within its distribution
area in South America. Thorough knowledge of the seasonal dynamics of A. sculptum in different ecological scenarios
is required in order to better understand the biological characteristics of this tick and develop techniques for the
control and prevention of diseases transmitted by this vector. In this article, we systematically review the seasonal
dynamics of A. sculptum and tick collection methodology.

Methods: A systematic search of the Scopus, Web of Science, PubMed and Scielo databases was carried out for
articles (including dissertations and theses) on the population dynamics of A. sculptum. The inclusion criterion was the
report of seasonal dynamic studies on A. sculptum through surveys carried out for at least 1 year with, as methodol-
ogy, tick collection in the environment and/or tick count/collection on A. sculptum primary hosts (horses or capyba-
ras). Studies carried out before the reclassification of Amblyomma cajennense sensu lato in 2014, which referred to
Amblyomma cajennense in areas where it is currently known that only A. sculptum occurs, were also included. Articles
meeting the inclusion criterion, but not available in online databases, were also added based on the authors’ experi-
ence on the subject. Sixteen articles and one thesis were selected for inclusion in this systematic review.

Results: Most of the studies were carried out in the southeastern region of Brazil, with a few also carried out in
the northeast, center-west and south of Brazil and northwest of Argentina. Five techniques/methods were applied
across these studies: CO, traps, dragging, flagging, visual searches and tick counting on animals, used alone or in
combination.

Conclusion: Seasonal dynamics of A. sculptum was found to be similar in almost all of the areas studied, with larvae
predominating during the autumn, nymphs in the winter and adults in the spring and summer.
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Background

Amblyomma sculptum Berlese, 1888, is a hard tick
belonging to the Amblyomma cajennense species com-
plex, alongside Amblyomma cajennense sensu stricto
(Fabricius, 1787), Amblyomma interandinum Beati, Nava
and Ciéceres, 2014, Amblyomma mixtum Koch, 1844,
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to be aggressive towards humans [3, 4] and have been
associated with the transmission of Rickettsia rickettsii,
the agent of Brazilian spotted fever (BSF), a major tick-
borne zoonosis in Brazil [5, 6]. Amblyomma sculptum is
distributed over large areas in South America, currently
encompassing the entire Cerrado and Pantanal biomes
and a large part of the devastated Atlantic forest biome in
Brazil [1, 2, 7], and may play a role in the transmission of
other pathogens, such as Theileria equi to horses [8].

Encounters between hosts and ticks, and consequently
the transmission of pathogens, is influenced by tick
behaviors [9, 10]. Therefore, basic knowledge of the eco-
logical preferences and behaviors of ticks is indispensa-
ble for understanding the epidemiology of tick-borne
diseases and for elaborating and implementing effective
strategic control programs against A. sculptum in animals
and in the environment.

In the context of the numerous studies that have been
conducted on the seasonal dynamics of A. sculptum, the
aim of the present study was to assemble all accessible
information published on this topic.

Methods
A systematic review of articles on the population dynam-
ics of A. sculptum was conducted, with the Scopus, Web
of Science, PubMed and Scielo databases searched for
relevant articles (including dissertations and theses).
These databases were chosen because they are among
the largest and most prominent databases for indexing
abstracts of scientific articles and because of the quality
of the journals indexed on these platforms. The search of
these databases was performed using the following key-
words: tick species name (Amblyomma cajennense or
Amblyomma sculptum) AND “seasonal dynamics”; arti-
cles in Spanish, English and Portuguese were considered.
The inclusion criterion was articles that reported on
seasonal dynamic studies on A. sculptum through sur-
veys carried out for at least 1 year and that had as meth-
odology tick collection in the environment and/or tick
count/collection on A. sculptum primary hosts (Equus
caballus [horse] and Hydrochoerus hydrochaeris [capy-
baras]). Studies carried out before the reclassification
of Amblyomma cajennense sensu lato in 2014, which
referred to A. cajennense in areas where it is currently
known that only A. sculptum occurs [1, 2], were also
included in the review. Articles that met the inclusion
criterion, but which were not found through search-
ing the databases, but which the authors knew due to
experience in the subject, were also added. Ultimately,
16 articles and one thesis were selected for inclusion in
this systematic review. Although the PRISMA flowchart
was broadly followed, it is not reported in the article
due to the relatively low number of articles that fulfilled

Page 2 of 14

the inclusion criterion and the careful hand-picking of
the relevant articles, including those from outside the
on-line databases, which represented a slight diver-
gence from the PRISMA flow chart.

Data from each article were compiled into an Excel®
spreadsheet (Microsoft Corp., Redmond, WA, USA), in
which the following parameters were recorded: authors;
year(s) of tick collections; location; state/country and
coordinates; biome; duration and frequency of collec-
tions; methods used for tick capture; stages collected;
months during which each stage was collected; months
in which peaks occurred for each stage; animals found
at and near each location where collections took place;
and whether the study site had any confirmed cases of
BSF or any tick-borne rickettsia until the time the study
was concluded.

Maps showing A. sculptum distribution and the loca-
tions of the seasonal dynamic studies were produced
using the QGIS software [11]. These maps were con-
structed after the data on all the seasonal dynamic
study location coordinates and the location coordi-
nates of studies citing A. sculptum distribution had
been compiled into the Microsoft Excel® spreadsheet.
An image illustrating the ticks’ life-cycle was drawn
up using Adobe Illustrator [12]. Information on the
mean photoperiod [13] of every month in which it
was reported that each stage was collected in higher
quantities was also compiled into a Microsoft Excel®
spreadsheet.

Results and discussion

Amblyomma sculptum distribution

The occurrence of A. sculptum has been confirmed in
Bolivia, Brazil, Paraguay and Argentina (Fig. 1la) [1].
This tick species is mainly associated with the Cerrado
biome [14, 15] and is widely distributed in southeastern
and central Brazil [1]. It can also be found in degraded
areas of the Atlantic forest [2] and, as a species that
benefits from anthropogenic factors, it may frequently
be found close to human settlements and riparian for-
ests [16], as well as in overgrown bushes and shrubs in
mixed horse pastures [17].

Oliveira et al. [18] compared present-day data on
A. sculptum and its potential future distribution and
concluded that the areas suitable for this tick popula-
tion may decrease under the current climate change
trends. However, these authors warned that making
predictions on the expansion of vector populations is
problematic given that their response and adaptabil-
ity to novel climates and warming conditions remain
unknown.
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Fig. 1 Currently known distribution of Amblyomma sculptum ticks (a) and locations of seasonal dynamic studies conducted between 1990 and

Hosts

Amblyomma sculptum displays low host specificity, and
larvae and nymphs in particular are often found on sev-
eral animal species, including humans [2, 4]. Although
horses (Equus caballus), capybaras (Hydrochoerus hydro-
chaeris) and tapirs (Tapirus terrestris) are considered
to be the most common primary hosts of all parasitic
stages of A. sculptum in Brazil [2, 4] (Fig. 2), other ani-
mals, including peccaries ( Pecari tajacu, Tayassu pecari),
anteaters (Tamandua tetradactyla, Myrmecophaga tri-
dactyla), armadillos (Cabassous unicinctus, Dasypus
novemcinticus, Euphractus sexcinctus), feral and domes-
tic pigs (Sus scrofa), carnivores (Cerdocyon thous, Eira
barbara, Leopardus pardalis, Panthera onca, Procyon
cancrivorus), monkeys (Alouatta guariba), omnivores
(Didelphis albiventris, Nasua nasua), rodents (Cuniculus
paca, Dasyprocta azarae), deer (Blastocerus dichotomus,
Mazama americana, Mazama gouazoubira), reptiles
(Pseudoboa nigra, Salvator merianae), birds (Amazona
aestiva, Ara ararauna, Aramus guarauna, Asio clama-
tor, Buteo brachyurus, Caprimulgus parvulus, Carcara

plancus, Cariama cristatai, Coragyps atratus, Tyto fur-
cata) and cattle (Bos taurus, Bos indicus) have been
reported to be infested by adults and nymphs [19-26].
Humans can also be attacked by all three active develop-
mental stages [4], but more commonly by subadults (lar-
vae and nymphs) than by adults [27]. In three seasonal
dynamic studies [14, 28, 29], horses were reported to be
frequently parasitized, and tick counts were performed
on these animals. The presence of cattle, dogs, marsh
deer, capybaras, small rodents, birds, opossums, tapirs,
monkeys, coatis, agoutis and several other wild animals
were reported in the areas where some of the other stud-
ies were conducted (Table 1). These other animals may
have been hosts and, therefore, may have contributed to
maintenance of this tick species in the area. Nonetheless,
15 (88.2%) of the 17 seasonal dynamic studies included
in this systematic review reported the presence of either
horses or capybaras, or both, as preferential hosts that
were probably responsible for the high quantities of A.
sculptum in the environment. Interestingly, although cat-
tle have been considered to be major hosts for members
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of the A. cajennense species complex (e.g. A. mixtum, A.
patinoi, A. tonelliae) in other South American countries
[1], cattle as a host species might not be able to sustain A.
sculptum populations [23, 30]

Locations of studies

Several studies on the seasonal and population dynamics
of A. sculptum have been conducted (Fig. 1b) in south-
eastern Brazil [14, 16, 28, 29, 31-35]. In comparison,
fewer studies, as shown in Table 2, refer to northeastern
Brazil [36], central-western Brazil [37], southern Brazil
[38] and northwestern Argentina [7].

It is important to highlight that six (35.3%) of the
seasonal dynamic studies were near to or in areas with
notified or confirmed cases of human rickettsiosis, or
with confirmed circulation of Rickettsia spp. (Table 1).
Moreover, among the 16 studies conducted in Bra-
zil, 12 (75%; published between 1990 and 2022) were
concentrated in its southeastern region. This concen-
tration may also be correlated with the higher num-
ber of BSF cases that were notified or confirmed each
year in this region. The southeastern region encom-
passes the states of Minas Gerais, Rio de Janeiro, Sao
Paulo and Espirito Santo, where most of the cases of
BSF have been reported, with fatality rates of approxi-
mately 50% [9]. On the other hand, four (23.5%) of the

most recent studies were published between 2018 and
2022 in areas that had not previously been studied,
such as the northeastern and central-western regions
of Brazil and the only study in Argentina. These stud-
ies thus emphasize the distribution and importance of
A. sculptum in other regions and countries and, con-
sequently, its possible role as a vector of tick-borne
diseases in other localities. It is also worth noting that
while Szabé et al. [39] and Garcia et al. [40] published
their findings in 2018 and 2022, respectively, they con-
ducted their respective studies between 2007 and 2009
[39] and between 2014 and 2015 [40].

Of the 17 studies, eight (47.0%) were conducted in
areas of tropical and subtropical moist broadleaf for-
est biome and eight (47.0%) were conducted in areas of
tropical and subtropical savanna grassland biome; one
(5.9%) was conducted in areas of both biomes (Fig. 1b;
Table 2). These choices of study sites emphasize the
wide distribution of A. sculptum in two biomes that are
very widely scattered throughout South America and
encompass a large portion of Brazil [41]. Amblyomma
sculptum has even been found in degraded areas of the
Atlantic Forest biome with abiotic conditions closer
to those of the Cerrado (savanna) biome [2], suggest-
ing that the distribution of this tick has expanded along
with the degradation of the Atlantic Forest.
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Methodologies used for A. sculptum collection

In the 17 studies, various methodologies, including car-
bon dioxide (CO,) traps, flagging, dragging, tick counting
on animals and visual searches, were used separately or
simultaneously to determine the seasonal dynamics of A.
sculptum.

It is important to maintain consistency in implement-
ing these methods in all expeditions, not only regard-
ing the techniques but also in relation to maintaining
controlled intervals between expeditions and always
executing them over similar time periods with the same
numbers of team members, traps and cloth. This mini-
mizes the interference of the method on the results [14].

In addition, it is important to continue to collect sam-
ples for a minimum of 24 months (2 years), as was done
in most of the published studies included in this review
(12/17; 70.6%; Table 2). The time interval contributes
to a higher reliability for the results, given that repeti-
tion of life-cycle characteristics over consecutive years
ensures that seasonal aspects are observed. However, the
frequency of expeditions may vary: seven (41.2%) of the
studies chose an interval of 14—15 days, while five (29.4%)
collected samples monthly, and five (29.4%) collected
samples every 3 months (Table 2).

Dragging and flagging

Free-living active stages of A. sculptum (host-questing
larvae, nymphs and adults) can be captured by tech-
niques known as drag or flag sampling using a white
cloth [42]. Several studies on the seasonal or population
dynamics of A. sculptum [7, 14, 15, 31, 32, 34, 35, 37-40,
43] (12/17; 70.6%) adopted modified versions of this tech-
nique (Table 2). During the dragging technique, the cloth,
which is attached to one or two metal or wooden rods/
poles, is kept close to the vegetation and dragged a short
distance over the ground, over plant litter and vegetation,
before pausing for inspection, thus minimizing loss of the
captured ticks. Similarly, during flagging, the cloth is kept
close to slightly higher vegetation while attached to one
metal or wooden pole/rod and is also used over short dis-
tances before close inspection. The size of the cloth can
vary, although it should remain between 1.0-1.5and 0.7—
0.9 m (Additional file 1: Table S1). It is important to note
that the success of this method may be diminished when
performed during the rainy season, in areas with dense
vegetation or in areas prone to flooding [14].

A comparison between flagging and dragging was
conducted by Dantas-Torres et al. [44] in southern Italy
involving other tick species. These authors observed that
more adult ticks were collected during flagging on animal
and man-made trails, while dragging was more efficient
when used in grassland. However, the efficiency of each
method varied according to the specific species collected.

Page 6 of 14

As a result of these findings, they suggested that field
studies should always take into consideration factors
linked to tick behavior, habitat characteristics and climate
before choosing and using the techniques. These factors
are directly associated with variations in collection and
if the collecting methods are not carefully chosen and
implemented, they may result in misleading conclusions.

CO2 traps

Traps using CO, as a chemical attractant (CO,-baited
traps) [45] are commonly used to capture nymphs and
adults since CO, is considered to be a universal attract-
ant for hematophagous insects and is efficient for attract-
ing A. sculptum ticks [15, 35]. White cloths (average size:
1 x 1 m) with double-sided adhesive tape placed along all
four edges are placed in different parts of a pasture near
riparian forest or in patches of the pasture that remain
shaded from direct sunlight during the mornings. Dry ice
cubes, in amounts ranging from 500 g to 1 kg, are placed
inside thermal boxes containing holes, which are then
placed in the middle of the cloths; alternatively, the dry
ice cubes are placed directly in the middle of the cloths
without containers. The length of exposure may vary but
is generally between 30 min and 2 h (Additional file 1:
Table S1). Although the basic principle of the technique
is as described here, many variations exist and each of
the studies assessed in this review implemented its own
adaptation. After the sample collection period, the cloths
are removed and kept individually in plastic bags until
the ticks that became stuck to the adhesive are collected,
identified and counted [16, 32, 34]. This technique was
used by Oliveira et al. [32], de Souza et al. [16], Szabd
et al. [14], Toledo et al. [38], Guedes and Cerqueira Leite
[34], Veronez et al. [15], Brites-Neto et al. [46], Szabd
et al. [39], Barbieri et al. [35] and Dantas-Torres et al. [36]
(Table 2).

In comparing visual searches, CO, traps, dragging and
plant litter examination, Ramos et al. [47] described CO,
traps attracting ticks from around the trap without pin-
pointing where they were originating from. This method
was applied in 64.7% (11/17) of the studies, the same
proportion as cloth dragging. Although highly efficient,
CO, traps have proved to be expensive and troublesome,
especially because of lack of availability in smaller cities
and rural areas and because of problems regarding their
transportation, storage and durability.

Visual search

Amblyomma sculptum is a three-host tick (Fig. 2) whose
nymphs and adults are known to exhibit more than one
strategy for seeking hosts [10], although this behavior has
never specifically been studied. They are considered to
be extremely fast-moving ticks [14, 15, 47, 48] and have
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demonstrated a hunter-tick nature, characteristically dis-
playing ambush behavior, such as by awaiting potential
hosts while perched on the tips of vegetation [49]. As a
host-seeking tick species, therefore, it can be found on
the vegetation in forestall phytophysiognomies by river-
sides that are not flooded and along well-defined animal
trails in forest patches frequently used by hosts [47].

Searching for A. sculptum in the environment when
the tick is displaying host-questing behavior on the tip
of vegetation leaves is referred to as the visual search or
inspection method. This approach considers the behav-
ioral characteristics of A. sculptum, such as its questing
nature and the type, location and height of the vegeta-
tion on which it is more likely to achieve its aim of find-
ing and attaching to a potential host [14, 50]. Szab6 et al.
[14], Veronez et al. [15], Szabé et al. [39] and de Paula
et al. [37] included this technique in their methodology
(Table 2; Additional file 1: Table S1).

Labruna et al. [51] observed A. sculptum larvae exhibit-
ing questing behavior on the top of vegetation, at heights
ranging from 15 to 50 cm, although an ‘atypical’ height of
185 cm was recorded in the same study. Ramos et al. [49]
observed that host-questing A. sculptum could be found
on vegetation varying in height from a median of 25 cm
for nymphs and 30-32 cm for adults. These ticks were
mostly observed at plant heights of > 10 or > 15 cm above
the ground. Taken together, these results indicate that A.
sculptum seeks medium- to large-sized hosts, which is
corroborated by the rarity of finding this tick parasitiz-
ing small rodents in areas where A. sculptum is the most
abundant tick species in the environment [35, 52].

Atmospheric vapor saturation deficit is a key abiotic
factor that also influences vertical movement of ambush
ticks on vegetation. Temperature and humidity condi-
tions also play a role in host-seeking activity on the veg-
etation, such that these ticks may descend to the ground
if these two factors are unsuitable [53]. Amblyomma
sculptum may stop seeking hosts through ambush behav-
ior in shaded areas after the end of the morning hours
[49], which emphasizes other observations indicating
preference for shaded spaces [3, 15, 17]. Therefore, it is
preferable to use visual searches in areas that are shaded
and more humid, during the earlier hours of the day,
with the aim of collecting the largest quantities of ticks
possible. Furthermore, despite not being properly dem-
onstrated through comparative studies, sampling length
in time and space may influence the results on tick col-
lected, especially depending on specific tick behavior. For
example, if a collector stands for a longer period in the
same space, then more CO, will be exhaled, thus serving
as more stimuli for ticks exhibiting host-seeking behav-
ior. However, if the collector treks for a longer distance
by staying shorter periods of time in each place, some of
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the ticks attracted to the spot might be missed. For this
reason, some researchers opt for one collector walking a
few minutes ahead while the other follows shortly after to
observe the ticks that might have been stimulated by the
first collector.

Although Terassini et al. [50] did not collect A. sculp-
tum, they compared the visual search method with drag-
ging and found that visual searches were more suitable
for collecting adult ticks, while dragging was better for
maximizing collection of immature stages. According to
their findings, these two techniques can be performed
by the same investigator simultaneously, while walking
along an animal trail.

After comparing different methods, Ramos et al. [47]
reported that visual searches led to the collection of
larger quantities of adult ticks while also providing infor-
mation on tick-questing height. Their data also indicated
that using a single technique did not provide a represent-
ative sample of the tick fauna and, therefore, that multi-
ple methods should be used.

While visual searches are by far the simplest and most
inexpensive method for collecting A. sculptum, they
were only used in five of the 17 studies included in this
review (29.4%). Visual searches are more effective for
detecting adult stages, which are easier to notice than the
smaller stages. However, the efficacy of visual searches
is extremely dependent on the observer’s attention and
knowledge of where on the vegetation, and how high,
they should inspect.

Remarks on collecting free-living ticks

Oliveira [54] compared the efficiency of dragging and
CO, traps (dry ice) for collecting larvae, nymphs and
adults of A. sculptum, and concluded that dragging was
more efficient for capturing larvae, whereas CO, traps
were more efficient for capturing nymphs and adults.
This author argued that these results were related to the
limited horizontal active displacement of larvae (i.e. dif-
ficult to reach a CO, trap) while the large size of post-
larval stages (especially adults) accounted for the lower
efficiency of dragging. Specifically, many captured speci-
mens were dislodged from the white cloth in contact with
vegetation during flagging before the white cloth was
checked by the researcher.

Visual search for ticks on vegetation, CO, traps, drag-
ging and plant litter examination were compared in
another study in an area with A. sculptum predominance
[47], in which all four techniques were indicated for hunt-
ing and ambushing ticks. These techniques can usually
be used in combination, as one technique complements
the other. However, dragging was determined to be the
most efficient method, especially for nymphs. In addi-
tion, dragging is a lower-cost method, and its materials
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are easy to obtain and transport. These reasons may have
contributed to dragging being one of the most commonly
used methods, along with CO, traps, since 64.7% (11/17)
of the studies used cloth dragging.

The efficiency of any method for collecting free-living
stages of A. sculptum must always consider the environ-
mental preferences of this tick species. Labruna [55] and
Luz et al. [56] reinforced earlier circumstantial evidence
obtained through field and laboratory observations,
inferring that high humid, dense forests (e.g. Amazon
primary forest) or flooded soils might not be suitable
environments for A. sculptum [55, 56]. This may explain
why this species is known to be more abundant in open
areas with shrubs or forest fragments with areas prone to
drought, than in areas with seasonal flooding [14, 35, 57].
Likewise, these results corroborate observations made
by Szabé et al. [14] of significantly higher numbers of A.
sculptum found in forest patches than in nearby marshy
areas. Barbieri et al. [35] observed an abundance of this
tick species in Cerraddo (woodland with crown cover of
50-90%, made up of trees, often 8-12 m high) and gal-
lery forest areas, which present denser canopies and
thicker leaf litter—attributes that are important in pro-
viding optimal microclimate conditions. Estrada-Pefia
et al. [58] reported that A. sculptum showed a preference
for environments with monthly average temperatures
mostly raging between 21 °C and 27 °C. Ten (58.8%) of
the seasonal dynamic studies were conducted in loca-
tions in farm pastures, six (35.3%) in nature reserves and/
or nature parks; the authors of one study (5.9%) did not
specify the location (Table 1). Areas containing shrubs,
bushes and/or fragments of natural forests, as well as
both wild and domestic animals, thus form ideal sites for
studies involving A. sculptum.

Although the studies mentioned above have provided
important data for improving our understanding of the
preferences of A. sculptum, further research is needed
to better comprehend the field conditions that enable
its survival and reproduction. Such studies will provide
concrete maximum and minimum relative humidity and
temperature values, as well as other factors influencing
its distribution and prevalence.

Tick counting on animals

Evaluation of the numbers of ticks parasitizing specific
hosts is another technique that is used to obtain data
on A. sculptum populations. This methodology was
described and tested by Oliveira [54]. It can be used for
collecting all three parasitic stages of A. sculptum. Studies
conducted by Labruna et al. [28] and Oliveira et al. [29]
(Table 2) used modifications of this technique. In their
modified method, ticks are counted every 14 days, pref-
erably in the morning, on the entire left side of horses,
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the preferred host for this tick species, kept on naturally
infested pastures. These animals are selected in descend-
ing order based on the number of infested adult stages,
with the aim of reducing the possible effects of natural
individual resistance to A. sculptum. The total number of
each tick stage counted is then doubled to estimate the
overall number of ticks on each animal. Adult male and
females are counted individually without being removed;
larvae and nymphs are counted after being removed
from the host by using a soft and flexible rubber scraper,
which detaches only engorged immature specimens. This
technique is facilitated by the fact that the neck, shoul-
der and thoracic region are predilection sites for larvae
and nymphs of A. sculptum on horses [54]. In an attempt
to prevent injurious levels of A. sculptum infestations,
Oliveira et al. [29] divided the sampled horses into four
groups and sprayed only one group with a low residual-
commercial acaricide after each counting session, alter-
nating the group sprayed in consecutive sessions.

Nonetheless, tick counts on the animals in the above
studies differ from those obtained in the methods used
by Szabé et al. [14, 39] and Veronez et al. [15, which are
known as tick sampling on animals. This method consists
of collecting a sample of ticks from domestic animals,
such as dogs, horses or cattle, from neighboring areas.
This type of methodology does not require that the same
animals be kept in the study: some may leave the farm
and new animals may arrive. Also, there is no counting of
ticks on an entire side of an animal; instead, as many ticks
as possible are collected, which may or may not be done
within a predetermined time interval.

Although horses are primary hosts, tick counts on
these animals were used in only 17.6% (3/17) of the sea-
sonal dynamic studies. This was probably due to insuf-
ficient numbers of horses in other study locations, even
though horses were reported in 11 of the 17 (64.7%) stud-
ies. Moreover, although tick counting on other hosts is
possible, it becomes unfeasible due to the difficulty and
costs of capturing, containing and handling wild animals,
especially other primary hosts species, such as capybaras
and tapirs.

Seasonal dynamics of A. sculptum

Overall, the studies carried out over the last two dec-
ades have all reported the conclusion that A. sculptum
completes one generation per year. Although all three
parasitic stages are generally found throughout the year,
seasonal preferences are demonstrated, depending on the
climatic characteristics of each region. Also, despite the
similar results that have been found between the south-
ern, southeastern and central-western regions of Brazil
and the distinct results from the northeastern region,
as discussed below, the seasonal dynamics of this tick
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species should be related to distinct latitudes (i.e. distinct
photoperiod range throughout the year) and differences
in seasonal weather patterns. For example, all studies in
the southern, southeastern and central-western regions
were from areas characterized by a cool and dry winter,
and a hot and rainy summer, in contrast to the single
study in the northeastern region [36] where the weather
is warm throughout the year and the dry season is in the
summer. However, the authors of the latter study caution
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Mean photoperiod* (hours)

10.50

10.00

W Larvae

Nymphs ® Adults

*According to Varejdo-Silva [13]
Fig. 4 Mean photoperiod hours, compiled from all published data
reported in this review, of when the highest numbers of each stage
(larvae, nymphs and adults) of Amblyomma sculptum were collected
and counted

the reader and highlight possible biased results due to the
relatively low number of ticks collected.

It is important to note that up until 2014, published
studies on A. sculptum referred to A. cajennense. In addi-
tion, since there is no taxonomic key for Brazilian Ambly-
omma larvae, larvae were identified only to the genus
level [59]. Nymphs were identified only to genus level
after 2010 [60, 61] and adults were identified as A. sculp-
tum only after 2014 [1, 60—62]. Therefore, most of the
information published on this topic involves larvae and
nymphs of Amblyomma spp. without identification to the
species level.

While different methodologies were applied in these
seasonal studies on A. sculptum, among which a few con-
sisted of tick counting on horses [14, 28, 29, 43], similar
results were observed (Fig. 3). Peaks in the number of
larvae were observed during mid-autumn and early win-
ter, and peaks in the number of nymphs were observed
during winter and early spring; the number of adults
increased during the spring and peaked during the sum-
mer in most locations.

It can also be noted that the use of a combination of
different sampling methods can potentially increase the
number of ticks counted during a study period, as seen
in de Paula et al. [37], who reported a total of 117,685
ticks using cloth dragging and visual searches. The use
of only one method, if the choice is appropriate for the
species targeted, has proved to be equally if not more
efficient. Such was the case of tick counting on horses,
with 340,200 counted by Labruna et al. [28] and 50,117
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counted by Oliveira et al. [29]. These results contribute
towards emphasizing the importance of knowing the
behavioral characteristics and preferences of the spe-
cies under study. This knowledge is powerful for guiding
researchers towards the correct path regarding which
methodology to use and how, where and for how long to

apply it.

Larvae

Larvae are most commonly found in slightly higher quan-
tities between April and November, as shown in Addi-
tional file 2: Table S2 [14, 16, 28, 29, 31-36, 38]. However,
70.7% of the larval peaks were found to be concentrated
between April and July, i.e. during mid-autumn and early
winter, as shown in Fig. 3. These may have occurred
because of larval diapause or tick dormancy behavior,
which precedes the onset of unfavorable environmen-
tal conditions and is primarily regulated by photoperiod
[63].

Two types of diapause have been described in ticks:
behavioral and morphogenic. The former consists of sup-
pression of host-seeking activity in unfed stages or host
feeding on hosts; the latter consists of delayed embryo-
genesis, metamorphosis of larvae and nymphs, or oogen-
esis of engorged females [63].

Behavioral diapause has been described for A. sculp-
tum larvae (published as A. cajennense) in Brazil [64, 65].
In this case, the diapause suppresses larval host-seeking
activity during the summer in order to synchronize the
life-cycle for the future adult ticks to quest chiefly dur-
ing the upcoming rainy season (spring—summer months).
This allows females to lay eggs during the periods with
the most humid climate and highest vegetation, thus
favoring egg incubation, which is the stage that is most
sensitive to abiotic factors [65]. This larval diapause
occurs when days are longer, with>12 h of daylight,
as shown in Fig. 4 [13]. In all seasonal dynamic stud-
ies, the mean photoperiod value was around 11.5 h for
the months during which the highest numbers of larvae
were counted, coinciding with a mild and dry weather. It
would therefore appear that larval behavioral diapause
regulates the one-generation pattern of A. sculptum in
southeastern Brazil, as demonstrated by Labruna et al.
[65] in a field study in Pirassununga County, Sdo Paulo
state, southeastern Brazil.

The results of one study differed from those of the
other studies. Dantas-Torres et al. [36] showed lar-
val peaks in the early months of the year, concentrated
between February and March. This divergence may have
been the result of distinct seasonal weather patterns
observed in the region of that study, compared with the
other studies. For example, in the northeastern region,
the dry period is concentrated in the summer, while it
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occurs mostly during the winter in the central-western
and southeastern regions [36]. In addition, according to
these authors, this distinct result may have been biased
or masked by the low numbers of ticks collected during
their experiment.

Nymphs

Higher numbers of nymphal activity were mostly
reported to occur from May to November, only a few
weeks after the increase in the quantities of larvae (Addi-
tional file 2: Table S2). However, 86.1% of the peaks in and
predominance of nymphs were concentrated between
July and October, during the winter and early spring [7,
14-16, 28, 29, 31, 32, 34—40, 43, 46], as shown in Fig. 3.
The largest numbers were seen during days with a shorter
daylight period, i.e. with mean photoperiod <12 h (overall
mean: 11.8 h) [13], as seen in Fig. 4. Similar to the results
for larvae, a single experiment reported different patterns
for nymphs [36], with the probable causes of those vari-
ations reported to be distinct weather and photoperiod
patterns and the low numbers of collected ticks, as for
larvae [36].

It has been observed for decades that most of the
human cases of tick-borne rickettsiosis (chiefly caused by
R. rickettsii) occurs during the second semester of year,
especially during midwinter to spring [66]. This obser-
vation has led authors to infer that the nymphal stage of
A. sculptum is the most important stage for transmitting
R. rickettsii to humans, emphasizing the need to expand
surveillance measures during the months of nymph
abundance. It is noteworthy that in a 2-year study on
human parasitism during a survey on ticks in a reserve
of the Brazilian savanna [67], among all of the 439 ticks
collected from human hosts, A. sculptum nymphs were
the most abundant and the ticks most frequently biting
humans.

Adults

Larger numbers of adults were collected between Sep-
tember and April (Additional file 2: Table S2), with
72.5% of the peak numbers occurring between Novem-
ber and February, i.e. during the spring and summer, as
shown in Fig. 3 [7, 14-16, 28, 29, 31, 32, 34, 35, 37-40, 43,
46]. Moreover, this stage is more active in periods with
longer days, i.e. with > 12 h of daylight (Fig. 4) [13], and as
already mentioned, temperature and humidity influence
host-seeking activity, as well as the descent to the ground
and oviposition [49, 53].

A similar seasonal pattern has been described for other
Amblyomma species of the Amblyomma cajennense com-
plex, such as A. tonelliae [7] and A. mixtum (published
as A. cajennense) [68]. These latter two species also have
a life-cycle consisting of one generation per year, with
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larvae and nymphs predominating during the dry season
and adults predominating during the rainy season. How-
ever, A. mixtum showed a longer period of larval and
nymphal activity during the year [68].

Conclusion

It is evident that several major studies have already been
conducted on the populational and seasonal dynamics of
A. sculptum, encompassing various environments where
this tick is found, both in preserved areas as well as those
anthropized. Thus, much important information on this
subject has been surveyed. Despite the differences in
rainfall volumes, temperature, seasonal characteristics,
distribution and availability of hosts and phytophysiog-
nomy in these studies, A. sculptum always presented a
one-generation-per-year cycle. Given this tick’s wide dis-
tribution, further studies carried out in unexplored areas
is necessary to fully describe its seasonal and ecological
profiles, especially in northeastern Brazil, where photo-
period variations are less evident throughout the year.
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