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Complementary data on four methods for sampling free-living
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Abstract

In this study, four methods for sampling free-living ticks that are used in ecological and human tick-bite risk
studies were evaluated. Cloth dragging, carbon dioxide traps and visual searches and inspection of plant litter on
the ground were used in field and forest areas within the Brazilian Pantanal. Among the three tick species collected,
Amblyomma sculptum predominated, followed by Amblyomma parvum and Amblyomma ovale. Dragging, a cheap and
simple technique, yielded the highest numbers of ticks, particularly nymphs. The visual search detected a high number
of adult ticks and provided information on tick questing height. Even though laborious, plant litter examination
showed that large numbers of ticks may use this stratum. Carbon dioxide (CO,) traps are expensive and difficult to
handle, but they are highly efficient for adult ticks, especially A. parvum. These data indicate that one method alone is
incapable of providing a representative sample of the tick fauna in a particular area and that multiple techniques should
be used for tick population studies.
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Resumo

Neste estudo, foram avaliados quatro métodos de amostragem de carrapatos em vida livre, usados em estudos
ecolbgicos e avaliagao do risco de picadas em humanos. Arraste de flanela, armadilhas de gis carbonico (CO,), busca
visual e inspe¢ao de serrapilheira foram aplicados em dreas campestres e florestais no Pantanal brasileiro. Dentre trés
espécies coletadas, a predominancia foi de Amblyomma sculptum, seguida por Amblyomma parvum e Amblyomma ovale.
O arraste, técnica simples e de baixo custo, resultou em maior nimero de carrapatos, particularmente de ninfas. A
busca visual detectou alto niimero de carrapatos adultos e forneceu informagoes sobre altura de espera por hospedeiros.
Apesar de trabalhoso, o exame da serrapilheira demonstrou que grande nimero de carrapatos pode utilizar esse estrato.
Armadilhas de CO, tém custo elevado e sio dificeis de manusear, entretanto, sio altamente eficientes para carrapatos
adultos, em especial para A. parvum. Esses dados indicam que somente um método ¢ incapaz de fornecer amostra
representativa da ixodofauna em uma 4rea particular e que, para estudos populacionais, técnicas multiplas devem ser
usadas.

Palavras-chave: Carrapatos em vida livre, técnicas de coleta, armadilhas de CO,, arraste de flanela, busca visual,
inspe¢ao de serrapilheira.

Introduction

Ticks spend most of their lifetime off-host NEEDHAM &
TEEL, 1991). Therefore, studies that evaluate environmental
infestation and associated risks to animal and human health are
quite relevant. There are several off-host tick sampling methods,
but an awareness of their limitations is of paramount importance
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to avoid misleading interpretations. In fact, method efficiency may
vary according to environmental characteristics (SZABO et al.,
2009) and thus should be evaluated in various milieus.
Non-nidicolous host-seeking ticks exhibit at least two strategies
for finding hosts. Ambush’ ticks climb onto vegetation and wait
for passing hosts whereas ‘hunter’ ticks are excited by host signals,
leave their shelters and run on the ground towards the host
(SONENSHINE etal., 2002). Ambush ticks on vegetation adopt
host species-specific questing heights that are related to the size of
their preferred animal host (RANDOLPH, 2004; SZABO etal.,
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2009). Questing behavior varies diurnally and seasonally with
climate, overwhelmingly to avoid desiccation (RANDOLPH,
2004). A diapause may also regulate the activity of several species,
and ticks may remain quiescent on the ground before the onset
of host questing behavior (LABRUNA et al., 2003). Thus, non-
nidicolous ticks in a given area may be found at various heights,
from the ground up to an elevation of several centimeters on
the vegetation, displaying different behavioral activity (questing,
rehydrating or diapause). Therefore, ideally, several sampling
methods should be used to include as many specimens as possible
from the wide array of tick encounter possibilities, and also to
avoid bias and misinterpretation of results, in order to gain an
understanding of tick and tick-borne disease ecology.

The commonest tick-sampling techniques are dragging (and
modifications of this) and carbon dioxide-baited traps. Recently,
visual searching has been increasingly used in Brazil (GRAY, 1985;
LABRUNA etal., 2005; SZABO et al., 2009; TERASSINTI et al.,
2010). Dragging consists of passing a white cotton flannel over
the plant litter on the ground and over the vegetation (ARZUA
& BRESCOVIT, 2006). In visual searches, a trained observer
looks for questing ticks on the tips of the leaves along animal trails
(TERASSINI et al., 2010). Carbon dioxide traps are systems using
a CO, source over a white surface that are placed on the ground to
attract hunter ticks (OLIVEIRA et al., 2000; CANCADO et al.,
2008). Because dragging is convenient and inexpensive, it is the
most commonly used method for estimating the abundance
of free-living ticks (TACK et al., 2011). However, dragging is
useful only for ticks positioned on the surfaces touched by the
cotton flannel, especially with regard to ambush ticks. For ticks
in non-accessible sites and for hunter and nidicolous ticks, this
method is flawed.

Brazil has a tick fauna of 66 species (MARTINS et al., 2014;
NAVA et al., 2014) and free-living ticks have been collected in
a wide spectrum of environments in different biomes. In these
studies, dragging was the method most used for tick collection,
followed by CO, traps (SZABO et al., 2007; CANCADO et al.,
2008; OGRZEWALSKA et al., 2009; TOLESANO-
PASCOLI et al., 2010; VERONEZ et al., 2010; GARCIA et al.,
2013; PASCOAL etal., 2013) and, more recently, visual searching
in forest environments (LABRUNA et al., 2005; SILVA et al.,
2008; SZABO et al., 2009). Few evaluations of tick sampling
methods in Brazil have been made (TERASSINI et al., 2010;
GUEDES et al., 2012). Here, we critically evaluate sampling
using four different methods that was undertaken for ecological
and human tick-bite risk studies (RAMOS et al., 2014a, b) on
ticks within the Brazilian Pantanal region.

Material and Methods

This study was carried out in Nhecolandia (18°59°15”S;
56°37°03”W), a subregion of the Brazilian Pantanal region,
located in the state of Mato Grosso do Sul, in an area with high
levels of environmental infestation by ticks (RAMOS et al.,
2014a), especially Amblyomma sculprum (Berlese, 1888), formerly
Amblyomma cajennense (Fabricius,1787) (NAVA et al., 2014).
Four methods for tick collection from the environment were used.
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Three of the methods were used in the same transects and within
the same hour, and one of them at the same location however
at another time (CO2 traps) as detailed bellow. For this study,
sixteen 40 m-long transects were established in pairs: eight inside
forested areas and eight in open fields that were each beside one
of the forest fragments. Each transect was sampled twice during
the wet season (December 2011 and December 2012) and five
times during the dry season (August 2010, June and September
2011 and June and September 2012).

On each sampling occasion, each transect was searched
visually, cloth dragging was performed and plant litter on the
ground was examined for ticks. Visual searches were performed
along both sides of transects, always by the same researcher. For
this purpose, the collector walked from one plant to the next,
and leaf from all vegetation along all transect were inspected from
ground level to one meter above the ground and ticks collected.
Time spent for this procedure varied according to the vegetation
density along the transect and number of ticks found.

For cloth dragging a cotton flannel (1 m width x 2 m length)
was dragged by a slowly walking collector over the transect, a
procedure that was done immediately after the visual search.
Flannel was carefully inspected for ticks at every 10 meter of
dragging.

After visual search and dragging, approximately 2300 cm?
of plant licter (sample 18 cm long x 10 cm wide x 13cm deep)
was collected at three points in each transect (at 0.0 m, 20.0 m
and 40.0 m). The litter collected was stored in plastic bags and
thoroughly inspected for ticks on a white surface in the laboratory.

Dry ice traps (OLIVEIRA et al., 2000) were used twice in
the wet season (February 2012 and February 2013) at the same
transect locations and inside four forest fragments. In each forest
fragment, five traps were placed on the ground 5m apart for one
and a half hours. Afterwards each trap and an additional 0.5 m
diameter of the surroundings were meticulously inspected for
ticks. In addition, a set of five traps were placed in open fields
neighboring three forest fragments.

Ticks were identified as described by Onofrio et al. (2006)
and Martins et al. (2010) and voucher specimens were deposited
in the Tick Collection of the Federal University of Uberlandia.
To provide a gross overview, in spite of bias (by removal of ticks
before the dragging, during the visual search), dissimilarities
between the tick sampling methods in the transects within forested
areas were evaluated using the Kruskal-Wallis test (ZAR, 1999).
Since the plant litter samples from the ground in each transect
related to only 54 cm (3 x 18 c¢m) of the 40 m-long transect,
the tick numbers are also shown adjusted to the numbers that
would have been found in litter covering the entire transect

(tick numbers x 74, because 54 cm x 74 = 39.96 m).

Results

In general, great heterogeneity in tick distribution between
the transects was observed. Overall, tick sampling (adults and
nympbhs) in the transects resulted in finding 763 ticks belonging
to three tick species: Amblyomma ovale (Kock, 1844) (n=3);
Amblyomma parvum Aragio, 1908 (n=48); and Amblyomma
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sculptum (n=712). Dragging, visual searches and litter inspection
resulted in, respectively, 441 ticks (58%), 291 (38%) and 31
(4%), respectively. Of these, 721 ticks (94%) were collected in
forested areas and 42 (6%) in open fields. The adult and nymph
tick numbers collected in the transects by means of dragging,
visual searches and litter inspection during both the dry and the
wet seasons, for the two most abundant species (A. sculptum and
A. parvum) are presented in Tables 1, 2 and 3, respectively.

Adults predominated during the wet season and were mainly
collected by visual searching, accounting for 86.7% of the adult
ticks in that season. In the dry season, dragging and visual
searching resulted in similar numbers of adults, and both were
more efficient than litter inspection (Kruskal-Wallis, H=13.57;
d.f.=2; p<0.05). A. parvum ticks were obtained mainly through
visual searching, and during the dry season, but dragging and
litter inspection also resulted in several specimens (Tables 1 to 3).
Adults of A. ovale (n=3 specimens) were collected through visual
searching and were found in both seasons.

Nymphs predominated in the dry season, and the greatest
number of nymphs was collected by means of dragging (Kruskal-
Wallis, H=51.4; d.f.=2; p<0.001), in spite of ticks removal by
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visual search. Only one nymph (A. sculptum) was found in
the wet season (collected through visual searching). Larvae of
Amblyomma sp. were recorded solely in the dry season by means
of dragging (three clusters), visual searching (one individual) and
litter inspection (one individual).

Since the litter inspection results solely came from analysis
on 54 cm along each transect, the tick numbers found were
corrected to the entire length of the transects (40 meters each).
In this case, the number of ticks in the litter would increase from
31 to 2296. Dry ice traps were used solely in the wet season and
resulted in 402 ticks: 311 of A. sculptum (median = 26.5; 1% -3+
quartiles=11.5—-65.5) and 90 of A. parvum (2.0;0.0 —21.0) in the
forested areas and only one adult of A. sculptum in an open field.

Discussion

Taking into account the overall numbers of ticks collected in
the transects, dragging was the most efficient sampling method.
Furthermore, since tick removal by means of visual searching
occurred immediately before dragging in the same transect, the
efficiency of the latter was underestimated. It is also noteworthy

Table 1. Total numbers, medians, interquartile range (1*-3" Q) and minimum (min) - maximum (max) values per transect for the ticks
Amblyomma sculptum (As) and Amblyomma parvum (Ap) collected within forested areas and open fields by means of cloth dragging in the

Pantanal region, Nhecolandia, Brazil, in 2011 and 2012.

Forest Open field
dry wet dry wet

As Ap As Ap As Ap As Ap
Adults
Total 70 12 8 2 0 2 0 0
Min-max 0-24 0-5 0-3 0-1 0-0 0-1 0-0 0-0
Median 0 0 0 0 0 0 0 0
1+-34 Q 0-1 0-0 0-1 0-0 0-0 0-0 0-0 0-0
Nymphs
Total 303 5 0 0 37 2 0 0
Min-max 0-40 0-3 0-0 0-0 0-14 0-1 0-0 0-0
Median 6.5 0 0 0 0 0 0 0
134 Q 3-2.5 0-0 0-0 0-0 0-1 0-0 0-0 0-0

Table 2. Total numbers, medians, interquartile range (1*-3* Q) and minimum (min) - maximum (max) values per transect for the ticks
Amblyomma sculptum (As) and Amblyomma parvum (Ap) collected within forested areas and open fields by means of visual searches in the

Pantanal region, Nhecolandia, Brazil, in 2011 and 2012.

Forest Open field
dry wet dry wet

As Ap As Ap As Ap As Ap
Adults
Total 72 16 111 7 0 0 0 1
Min-max 0-14 0-8 0-51 0-4 0-0 0-0 0-0 0-0
Median 0 0 1.5 0 0 0 0 0
1+-34 Q 0-2 0-0 0-6.75 0-0 0-0 0 0-0 0-0
Nymphs
Total 82 0 0 0 0 0 0 0
Min-max 0-30 0-0 0-0 0-0 0-0 0-0 0-0 0-0
Median 0 0 0 0 0 0 0 0
1+-34 Q 0-2 0 0 0 0-0 0 0-0 0
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Table 3. Total numbers, medians, interquartile range (1*-3 Q) and minimum (min) - maximum (max) values per transect for the ticks
Amblyomma sculptum (As) and Amblyomma parvum (Ap) collected within forested areas and open fields from plant litter on the ground in

the Pantanal region, Nhecolandia, Brazil, in 2011 and 2012.

Forest Open field
dry wet dry wet

As Ap As Ap As Ap As Ap
Adults
Total 2 0 7 1 0 0 0 1
Min-max 0-1 0-0 0-6 0-1 0-0 0-1 0-0 0-0
Median 0 0 0 0 0 0 0 0
1+-34Q 0-0 0 0-0 0-0 0-0 0-0 0-0 0-0
Nymphs
Total 20 0 0 0 0 0 0 0
Min-max 0-17 0-0 0-0 0-0 0-0 0-0 0-0 0-0
Median 0 0 0 0 0 0 0 0
1434 Q 0-0 0-0 0-0 0 0-0 0 0-0 0

that most of the adult ticks were already spotted through the
visual search, whereas the majority of the nymphs were detected
only with the aid of cloth dragging. This is not surprising, given
that nymphs are tiny and tend to remain unnoticed in visual
inspections. In fact, the efficiency of dragging for collecting
nymphs has already been reported (TERASSINI et al., 2010;
DANTAS-TORRES et al., 2013; RULISON et al., 2013).
However, in spite of the lower efficiency relating to sampling
size, visual searching provides valuable information for ecological
studies that is missed through dragging. Spotting ticks on the
vegetation makes it possible to evaluate location, height and time
preferences for questing (SILVA et al., 2008; SZABO et al., 2009;
GODDARD etal., 2011). In addition, it was curious that A. ovale
ticks were collected solely through visual inspection.

Plant litter examination was the least productive tick collection
method and the one with highest variability among the transects.
These observations can be explained by the combined effects
of heterogeneous distribution of ticks in the environment and
point sampling in the transects. Unfortunately, carrying litter
from the whole transect to the laboratory would be impractical
and, moreover, inspecting all of this would be excessively time
consuming. Nonetheless, the information obtained was valuable:
it showed that there is a tick population in the soil stracum in
both the forested areas and the field areas of the Brazilian Pantanal
region and that this population may be huge. Extrapolating
numbers from the small sampled area to the whole length of the
transect indicates that the ticks in the plant litter far outnumbered
those from the vegetation. Among the various reasons for this,
these ticks may have been on the plant litter because they were
molting, avoiding desiccation or questing for hosts at the ground
level, as is the case with immature forms of several tick species
(LANE et al., 1995; SCHULZE et al., 1995; TALLEKLINT-
EISEN & LANE, 2000).

Direct comparison of the sampling methods in the transects
with the CO, traps is unfeasible in our study because of time and
location dissimilarities regarding tick collection. Furthermore,
CO, attracts ticks from an unknown area around the trap.
Nonetheless, it is noteworthy that in spite of the relatively low

number of traps per fragment (five traps), the number of ticks
sampled was higher and more constant than that obtained by the
other techniques. Moreover, the number of A. parvum adults was
doubled with the addition of ticks collected by means of dry ice
traps. The behavior of A. parvum has not been categorized before,
but it displays hunter behavior; even though it is tiny, it is fast
and highly mobile. Thus, it is possible to suppose that it was
attracted by CO, from locations unreached by dragging and visual
searches. One negative aspect of CO, traps is their cost and the
need for transportation of heavy dry ice before it sublimes away.
Alternatively, traps that use other CO, sources such as the reaction
between calcium carbonate and lacticacid (BUTLER et al., 1984;
CANCADO et al., 2008) may be used. It seems that these two
kinds of CO, traps have similar results (GUEDES et al., 2012),
but although the alternative CO, source is cheaper, it still has
costs, in that a lot of material has to be carried and setting up
each trap is time-consuming,.

All the sampling methods overwhelmingly collected
A. sculptum, followed by some A. parvum specimens and only
a few of A. ovale. In previous surveys in both environments
and on animals from the same location, the same tick species
dominated the samples (CAMPOS PEREIRA et al., 2000;
CANCADO et al., 2008; RAMOS et al., 2014a). However,
several other tick species have been collected from wild animals
as well (CAMPOS PEREIRA et al., 2000). In fact, the four tick
collection methods used here are more indicated for hunting and
ambush ticks. Nidicolous ticks should be searched for in specific
locations such as nests, caves and burrows and/or on animals, and
such procedures should be included if a comprehensive study is
to be undertaken.

The tick abundance presented high temporal and spatial
variation, showing that the distribution of ticks is very
heterogeneous. Most of the ticks were found within the forests
and, irrespective of the collection method, the most abundant
tick species (4. sculptum) displayed a clear seasonal pattern. Adults
predominated in the wet season (end of spring and summer) and
nymphs and larvae in the dry season (end of fall and winter), as
described previously for this species elsewhere in Brazil (SERRA-
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FREIRE, 1982; LABRUNA et al., 2002). Thus, the sampling
effort for collecting free-living ticks needs to cover a wide area
and, whenever possible, be repeated over time.

Taking all the results together, our data indicate that if only
one method used, it is not possible to record a representative
sample of the tick fauna in a particular area. As observed by
DPetry etal. (2010), sampling methodologies depend on differences
in behavior, developmental age and microclimate interactions, and
multiple techniques should be used for studies on tick population
monitoring and community dynamics. In fact, choosing a
single technique fulfills specific objectives, and must be directed
according to the stage, species, season or habitat that is the focus,
in order to avoid sampling bias.
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