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Abstract. An ecological analysis of a tick (Ixodida: Ixodidae) community across a
landscape gradient presenting differential anthropogenic disturbance in the Atlantic
Forest ecoregion in Argentina was performed. Ticks were collected from vegetation and
hosts between September 2014 and August 2016. A total of 12697 free-living ticks
and 3347 specimens from hosts were collected, including 317 ticks infesting humans.
The values obtained show considerable species diversity in the forest environment
accompanied by low equitability. The similarity index derived from a comparison of
forest and agricultural environments was higher than that calculated by comparing forest
and urban environments. The data suggest that although a cycle of one generation
per year is apparent in some species, more than one cohort may co-exist within the
populations of some of these species. Well-marked patterns of the seasonal distribution
of free-living tick species emerged in environments with no anthropic modification. The
results indicate that forest environments are more suitable habitats than agricultural and
urban environments for many species of native tick, but are unsuitable for exotic species
that have successfully established in environments that have been modified by man.

Key words. Ixodidae, diversity, environmental gradient, host preferences, lifecycle,
population ecology.

Introduction less suitable, and are responsible for the seasonality of different
stages of ticks (Belozerov, 1982; Estrada-Pefia, 2008). Knowl-
edge and understanding of the behaviours of tick populations
and their relationships with certain environmental factors are
necessary to assess the animal and human risk for contracting

Ticks are vectors of a great variety of human and animal
pathogens. They can transmit protozoa, viruses, bacteria and
fungi, and contribute to the development of toxicosis, myiasis

and secondary infections (Jongejan & Uilenberg, 2004). In tick-borne diseases (Knap et al., 2009).

addition to the availability of suitable hosts, the presence and The province of Misiones in Argentina harbours large frag-
abundance of ticks are associated with environmental factors ments of the Paranaense Rainforest, the largest and most
that determine moments and ecological niches that are more or biodiverse ecoregion with the greatest endemism of the Atlantic
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Forest ecoregion complex (Burkart et al., 1999; Placi & Di
Bitetti, 2005), which is shared with the neighbouring countries
of Brazil and Paraguay. This Argentinean region also has a
developed tourist industry and receives over one million visitors
per year. Several tick species are established in the Paranaense
Rainforest in Argentina (Lamattina et al., 2014, 2016; Nava
et al., 2017), but their ecology is poorly understood, a fact that
may undermine the suitability of strategies for the control of
ticks and related diseases.

Understanding tick ecology contributes to the prevention
and control of tick-borne pathogens of medical and veterinary
relevance. Therefore, the objective of this study was to perform
an ecological analysis of the tick community across a landscape
gradient presenting differential anthropogenic disturbance in the
Atlantic Forest ecoregion in Argentina.

Materials and methods
Study area

Misiones Province contains part of the Parand forest and
Araucaria angustifolia (Bertol.) Kuntze forest areas, within
the Parana sub-region in the Neotropical biogeographic region
(Morrone, 2006). The area is included within the Atlantic
Forest ecoregion. The ecoregion has a subtropical climate,
with average annual temperatures of 16-22°C and rainfall
ranging from 1000 mm to 2200 mm per year (Placi & Di Bitetti,
2005). The intensification of deforestation and the expansion of
agriculture in the last 50 years have resulted in large variations
in the region’s environment (Placi & Di Bitetti, 2005). Northern
Misiones currently includes many nationally and provincially
protected areas of semi-deciduous tropical forest, which are
generally bounded by vast areas of agricultural and livestock
production. In relation to the latter, there is a more or less
pronounced gradient towards urban environments that include
settlements of between 225 (Cabure-i) and 41000 (Puerto
Iguazi) inhabitants [Instituto Provincial de Estadistica y Censos
de Misiones (IPEC), 2010].

The present study was carried out in northern Misiones, where
three habitats with different characteristics were identified: (a)
natural forest environments; (b) agroecosystems with adjacent
forest patches, and (c) green areas in urban environments.

Tick collection

Free-living ticks were collected from vegetation each month
from September 2014 to August 2016, in the following three
environments.

Natural forest environments. Four sites corresponding to
primary forest environments were selected in protected areas
of the Department of Iguazu in northeast Misiones. Three sites
(Macuco, Nandd and Apepti) were located in Iguazd National
Park (INP) and the fourth was located in Puerto Peninsula
Provincial Park (PPPP) (Fig. 1). At each site, three active

animal trails were sampled once per month for 1h by sliding
a 1.0 x 1.5-m white cloth over the vegetation in search of ticks
in free-living stages. The cloth was checked every 10 m and the
attached ticks were collected.

Agroecosystems. Four sites with silvopastoral cattle breeding
systems were selected. Three of these (Jacobo, Otto and Werle)
were located in the northeast of the province, in the Department
of General Belgrano, and the fourth was located in the rural
zone of the city of Puerto Iguazd, in northwest Misiones (Fig. 1).
At each site, pastures of 20000 m?> were sampled for 30 min
once per month using the same method of sliding a cloth over
vegetation.

Urban environments. Four sites were selected in green areas
of the city of Puerto Iguazd. Three of these contained small
patches of native forest with specimens of Cedrela fissilis
Vellozo, Balfourodendron riedelianum (Engler) Engler and
Patagonula americana Linnaeus, among others, and the fourth
consisted of a pasture with specimens of Solanum granulosum
leprosum Dunal, Baccharis sp. Linnaeus, and others (Fig. 1). In
each site, areas of 5000 m?> were sampled once per month for
30 min by sliding a cloth over the vegetation.

The differences between sites in sampling times reflected
differences in terrain and the areas available for collecting
samples in the different environments. The distances travelled
in all three environments during the sampling periods were
estimated to be similar. The difference between the sizes of the
urban and rural environments sampled reflected the existence
of animal trails in rural environments that facilitated travel
over greater distances within 30 min, whereas in the urban
environments sampling cloths were slid over practically the
entire area for 30 min because no animal trails were visible.

Six wild animal capture campaigns were carried out in,
respectively, February, June, August and December 2015, and
February and June 2016. In each trapping session in PPPP, 150
Sherman traps (24 X 9 x 8 cm) were arranged in three transects
of 50 traps with distances of at least 200 m between transects
and 2 m between traps. In INP, 50 cage traps (40 X 15X 15cm)
were distributed in five transects of 10 traps with distances of
at least 50 m between transects and 2 m between traps. In INP,
cage traps were supplemented by 12 mist nets and 14 Tomahawk
traps (60 x 30X 30cm) separated from one another by at least
10m in a total area of 30000m?. Mist nets were activated
from dawn to sunset and the birds caught were identified
according to Narosky & Yzurieta (2003) and Clements et al.
(2016); the traps were activated for three consecutive days
and nights. Small rodents and opossums were identified by Dr
Pablo Teta (Museo Argentino de Ciencias Naturales ‘Bernardino
Rivadavia’, Buenos Aires, Argentina). Other mammals were
determined according to Canevari & Vaccaro (2007).

In addition, once per month from September 2014 to August
2016, five canines and 10 bovines in agroecosystems were
randomly selected and carefully examined for attached ticks.
Using the same schedule, five canines were randomly selected in
the urban areas and meticulously examined. Occasionally ticks
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Fig. 1. Study area and sampling sites in northern Misiones Province, Argentina.

were collected from animals killed by traffic on routes that cross
protected areas and from researchers who donated ticks that had
attached to their bodies.

The sampling sessions scheduled for September 2015 and
March and July 2016 were not carried out as a result of severe
weather and damage to the transport intended for this purpose.

The collected ticks were placed in tubes containing 96%
ethanol and deposited in the National Institute of Tropi-
cal Medicine in Puerto Iguazi. The specimens were identi-
fied according to their morphological characters in line with
Barros-Battesti et al. (2006), Martins ef al. (2014) and Nava
et al. (2017), and, in the case of larvae, by comparisons with
known laboratory-reared material deposited in the tick col-
lection of the Instituto Nacional de Tecnologia Agropecuaria,
Estacion Experimental Agropecuaria Rafaela (INTA Rafaela),
Argentina.

Morphological identifications of larvae of Amblyomma
brasiliense Aragdo, Amblyomma coelebs Neumann and Ambly-
omma incisum Neumann (Ixodida: Ixodidae) were confirmed
by analyses of sequences of a 410-bp fragment of the mitochon-
drial 16S rRNA gene, which were obtained from representative
specimens using a polymerase chain reaction protocol described
by Mangold et al. (1998a, 1998b).

Statistical analysis

Using the online iNEXT software (Chao et al., 2016), based
on the rarefaction and extrapolation curves with Hill numbers
for q=0 (for species richness) (Chao et al., 2014), coverage
estimates were obtained for each environment dataset in order
to assess for the completeness of samples and then to compare
the diversity of samples that were equally complete despite
differences in sample sizes.

SpadeR software (Chao et al., 2015) was used to obtain the
Chaol species richness estimator (Chao, 1984; Chao & Chiu,
2016) for the tick assemblies found in each environment using
the formula:

Chaol =S+<n—1><f1 (fl 1))
n 2(H+1)

where, for each tick assembly, S is the total number of species
observed, 7 is the total number of tick specimens collected, f is
the number of singletons (species of which only one specimen
was collected) and f, is the number of doubletons (species of
which only two specimens were collected). In this way, the
number of species expected with more exhaustive sampling was
robustly calculated, taking into account rare species to estimate
the number of undetected species.

To evaluate the level of uncertainty of predicting the species to
which an individual chosen randomly from one of the assemblies
would belong, the Shannon—Wiener index, which takes into

account the relative abundances of all species found in each
environment, was calculated:

H; = Zpie * In Pie

where H,’ is the Shannon entropy index of each tick assembly e
and p,, is the relative abundance of the species i in the assembly
e.

To assess for the beta diversity or dissimilarity between envi-
ronments, SpadeR was employed to calculate multiple com-
munity similarity measures with the Horn index. Comparisons
between data for each assembly were made by selecting q=1 to
incorporate species abundances in the analysis, without focusing
on dominant species, with a bootstrap of 1000 replications.

The abundances of each tick species and stage found on
vegetation were compared in each type of environment, between
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the two sampling years, between seasons and between months.
The non-parametric Mann—Whitney—Wilcoxon test was used
in comparisons between the first and second sampling years
and the Kruskal-Wallis test was used in comparisons between
seasons and months. The same tests were used to compare tick
abundances in parasitic life stages (including on human hosts);
in this instance, the mean abundances of the most abundant ticks
found on the host species with the highest number of captured
individuals were also calculated.

Results
Spatial analysis

A total of 12697 free-living ticks were collected from vege-
tation, of which 11990 were found in forest environments and
707 in agroecosystems. Of ticks collected from hosts, 1953 spec-
imens were collected in forest environments, 970 in agroecosys-
tems and 107 in urban environments; a total of 317 ticks were
collected from humans across the three environments. In forest
environments, 415 wild animals were examined. In agricultural
environments, 105 canines and 210 bovines were examined. In
urban sites, 105 canines were examined.

In forest environments, 10 tick species were present on
30 host species. These included A. brasiliense, A. coelebs,
A. incisum, Amblyomma longirostre (Koch), Amblyomma ovale
Koch, Amblyomma dubitatum Neumann, Amblyomma cal-
caratum Neumann, Haemaphysalis juxtakochi Cooley and
Haemaphysalis leporispalustris Packard (Ixodida: Ixodidae),
and Ixodes schulzei Aragdo and Fonseca (Ixodida: Ixodidae).
In the free-living phase, only six of these species were found,
including A. brasiliense, A. coelebs, A. incisum, A. longirostre,
A. ovale and H. juxtakochi. In agroecosystems three species
were found on three host species, including A. ovale, Rhipi-
cephalus sanguineus sensu lato and Rhipicephalus microplus
Canestrini (Ixodida: Ixodidae). In this environment the species
found in free-living stages were A. brasiliense, A. ovale and
R. microplus. In urban environments only R. sanguineus s.l.
ticks were found on canines and humans.

Morphological determinations of larvae of A. incisum,
A. brasiliense and A. coelebs were confirmed by the anal-
ysis of sequences of the 16S rRNA gene. Comparisons of
the sequences obtained from larvae of A. incisum (GenBank
accession no. MG791917), A. brasiliense (GenBank acces-
sion no. MG791916) and A. coelebs (GenBank accession no.
MG791918) with those of these three species available in
GenBank showed higher similarities than 98%, confirming
the identifications based on morphological characters. The
abundances of each tick species in free-living and parasitic
phases, in addition to the prevalence of each captured host
species, are presented in Tables 1 and 2. The most abundant
species in forest environments on both vegetation and hosts
was A. coelebs, which accounted for 82.9% of all specimens
collected from vegetation and 83.2% of those collected from
hosts. In agroecosystems, R. microplus was the most abundant
species, which represented 99.3% (larvae) of all ticks collected
from vegetation and 95.1% (all parasitic stages) of those col-
lected from hosts. In urban environments, no specimens were

found on vegetation and R. sanguineus s.l. was the only tick
species collected from hosts.

The extrapolation curves showed that increasing the number
of individuals in the samples would not increase the number of
species or sample completeness. The sample coverage estimates
of the reference samples of each set were found to be in the
range of 0.9986-1. The species richness of the tick assembly
from forest environments, estimated with Chaol, was 10.33,
and was higher than those found in the agricultural and urban
environments, which were 3.00 and 1.00, respectively.

Shannon—Wiener indices were obtained for free-living tick
assemblies for each environment. The mean + standard devia-
tion (SD) index was 0.647 + 0.00004 for the forest environment,
0.046 +0.0003 for the agroecosystem environment and O for
the urban environment. For the parasitic tick assemblies, the
mean + SD indices obtained were 0.72 + 0.0002 for the forest
environment, 0.222 + 0.0004 for the agroecosystems, and 0 for
the urban environment.

Comparisons of the relative abundances (Horn) of species
between the three environments, with bootstraps of 1000 replica-
tions, for parasitic tick assemblies, provided a mean =+ standard
error (SE) similarity estimation of 0.0355 +0.0049 [95% con-
fidence interval (CI) 0.0259-0.045] and an average pairwise
similarity of 0.028. The mean + SE similarity index between the
forest and agricultural environments was 0.043 +0.004 (95%
CI 0.034-0.051), and that between the agricultural and urban
environments was 0.041 £0.011 (95% CI 0.020-0.063). The
Horn index for the forest and urban environments was 0. For
ticks in free-living stages, a mean+ SE similarity index of
0.0338 +£0.0147 (95% C1 0.005-0.0627) was obtained between
the forest and agroecosystem assemblies.

Temporal dynamics

The comparisons between years using the Mann—Whitney
non-parametric test for all tick species collected from vegeta-
tion and from hosts revealed no significant differences between
the first and second years of sampling (P> 0.05). The results
of comparing tick abundances between seasons (summer vs.
autumn vs. winter vs. spring) using the Kruskal—Wallis test were
not significant for almost all tick species collected from hosts,
with the exception of A. incisum larvae (differences between
spring and summer abundances vs. autumn abundances,
P=0.02, presenting a peak in autumn) and R. sanguineus
nymphs and adults (P =0.02 and P =0.005, respectively). The
latter species was collected only from hosts and showed signif-
icant differences in the abundances of nymphs in autumn and
winter vs. that in summer, and a very marked difference in adult
abundances in autumn and winter vs. spring and summer. By
contrast, comparisons of abundances by season showed signifi-
cant differences for all species collected from vegetation in the
forest environment (P < 0.05), except A. longirostre, of which
only a single individual was collected (Table 3). Although
A. brasiliense was present during the entire year, peaks in its
abundance were observed in larvae in summer and autumn, in
nymphs in winter and in adults in spring. Amblyomma coelebs
larvae and nymphs were present during all seasons, although
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Table 1. Abundances of tick species in parasitic and free-living stages collected in northern Misiones Province between September 2014 and August
2016. Numbers of infested individuals of each host species are shown in parentheses.

Host species

Amblyomma

Hosts, n brasiliense

Amblyomma Amblyomma
calcaratum ~ coelebs

Amblyomma
incisum

Amblyomma Amblyomma
dubitatum  longirostre

Examined Infested Larvae Nymphs

Adults  Adults Larvae  Nymphs Adults Larvae Nymphs Adults Nymphs Larvae Nymphs Adults

Didelphimorphia
Didelphis aurita
Didelphis albiventris
Monodelphis americana
Philander frenatus
Cryptonanus chacoensis

Carnivora
Nasua nasua
Cerdocyon thous
Leopardus pardalis
Eira barbara
Puma concolor
Puma yagouaroundi
Dogs

Pilosa
Tamandua tetradactyla

Rodentia
Dasyprocta azarae
Akodon cf. A. montensis
Oligoryzomys cf. O. nigripes
Sooretamys angouya
Nectomys squamipes
Oxymycterus cf. O. misionalis

Lagomorpha
Sylvilagus brasiliensis

Artiodactyla
Mazama americana
Cattle

Perissodactyla
Tapirus terrestris

Birds

Human

Vegetation

() 22
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1(1) 310 (65)
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2(1)

59 (2)

4(2)
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89(7)  67(9)

32

2(1)

74.(1) 4(1)
6(5)
100 (54)

640

52(1) 14.(1)

12(8) 7(6)
150 (30)

9145

3(3)
26

13(3)
341

14 (12)
148

Q)

298 37 1

Host species

Amblyomma

Hosts, n ovale

Haemaphysalis Ixodes

Juxtakochi

Haemaphysalis Rhipicephalus Rhipicephalus

leporispalustris  schulzei  microplus sanguineus s.1.

Examined Infested Larvae Nymphs

Adults Larvac Nymphs Adults Adults Adults  Larvae Nymphs  Adults Nymphs ~ Adults

Didelphimorphia
Didelphis aurita
Didelphis albiventris
Monodelphis americana
Philander frenatus
Cryptonanus chacoensis

Carnivora
Nasua nasua
Cerdocyon thous
Leopardus pardalis
Eira barbara
Puma concolor
Puma yagouaroundi
Dogs

Pilosa
Tamandua tetradactyla

Rodentia
Dasyprocta azarae
Akodon cf. A. montensis
Oligoryzomys cf. O. nigripes
Sooretamys angouya
Nectomys squamipes
Oxymycterus cf. O. misionalis

Lagomorpha
Sylvilagus brasiliensis

Artiodactyla
Mazama americana
Cattle

Perissodactyla
Tapirus terrestris

Birds

Human

Vegetation

202 1(D)

765)  1(D)

2(1)
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210 198
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1(1)

1y 2

52 21)
3(1)
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4(1)
1(1)
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2(2)

2(1)

2(1)

9(2) 1(1)
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3(2) (1)
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2(2)

24

1(1)
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1(1) 1(1)

78 20 702
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Table 2. Ticks collected on birds in Iguazd National Park between September 2014 and August 2016.

Amblyomma  Amblyomma Amblyomma  Haemaphysalis
coelebs longirostre ovale Juxtakochi
Order Family Host species I/E,n  Nymphs Larvae Nymphs Larvae Larvae
Accipitriformes Accipitridae Rupornis magnirostris 0/2
Columbiformes Columbidae Leptotila verreauxi 0/9
Strigiformes Strigidae Megascops choliba 0/1
Caprimulgiformes ~ Caprimulgidae Nyctidromus albicollis 0/1
Trochilidae Thalurania furcata 0/1
Thalurania glaucopis 0/9
Amazilia versicolor 0/9
Phaethornis eurynome 0/2
Trogoniformes Trogonidae Trogon rufus 0/2
Coraciiformes Alcedinidae Chloroceryle americana 0/1
Momotidae Baryphthengus ruficapillus 172 1 1
Piciformes Picidae Celeus flavescens 0/1
Picumnus temminckii 0/2
Ramphastidae Pteroglossus castanotis 0/1
Psittaciformes Psittacidae Pionus maximiliani 0/1
Passeriformes Thamnophilidae  Dysithamnus mentalis 0/3
Furnariidae Automolus leucophthalmus 1/3 2
Dendrocolaptes platyrostris 0/1
Dendrocincla fuliginosa 1/8 1
Philydor atricapillus 171 1
Philydor rufum 0/1
Xenops minutus 0/3
Sittasomus griseicapillus 0/8
Tyrannidae Platyrinchus mystaceus 1/4 1
Myiornis auricularis 0/1
Mionectes rufiventris 0/3
Cnemotriccus fuscatus 0/10
Poecilotriccus plumbeiceps 0/1
Pitangus sulphuratus 0/4
Corythopis delalandi 0/5
Leptopogon amaurocephalus  1/10 1
Pipridae Chiroxiphia caudata 1/5 1
Pipra fasciicauda 1/23 3
Tityridae Schiffornis virescens 0/1
Vireonidae Vireo olivaceus 0/1
Corvidae Cyanocorax chrysops 0/11
Turdidae Turdus albicollis 3/8 4
Turdus rufiventris 3/12 4
Turdus amaurochalinus 0/4
Turdus leucomelas 4/22 1 3 5
Parulidae Basileuterus culicivorus 0/6
Myiothlypis leucoblephara 0/1
Thraupidae Trichothraupis melanops 1712 1
Dacnis cayana 0/3
Tersina viridis 0/3
Tachyphonus coronatus 172 1
Emberizidae Arremon flavirostris 0/1
Cardinalidae Habia rubica 0/2
Icteridae Cacicus haemorrhous 0/2
Fringillidae Chlorophonia cyanea 0/2
Euphonia violdcea 0/4
Euphonia pectoralis 0/1
Euphonia chlorotica 0/1

I/E, infested/examined.
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Table 3. Comparison” of abundances of free-living ticks by season in the forest environment, northern Misiones Province, 2014-2016.

Species Stage Summer Autumn Winter Spring
Amblyomma brasiliense Larvae A A-B B B
Nymphs A A-B B-C C
Adults A A-B B-C C
Amblyomma coelebs Nymphs A-B B-C C A
Amblyomma incisum Larvae A B-C A-B A
Amblyomma ovale Adults A-B A A B
Haemaphysalis juxtakochi Larvae A A-B A-B B
Nymphs A-B B-C C A
Adults A A B A-B

“Means with a common letter present no significant differences (P > 0.05).

the larvae showed higher abundances in spring and summer,
and nymphs were more abundant during winter. Larvae of
A. incisum collected from vegetation showed peaks in autumn
and winter, whereas nymphs were more abundant only in
winter. Amblyomma ovale larvae were found on vegetation in
summer and autumn, nymphs in autumn and winter, and adults
mostly in spring. Larvae of H. juxtakochi were more abundant
in autumn and summer, nymphs in winter and adults in spring.
The patterns of seasonality in these and other tick species are
shown in Fig. 2.

Adults of A. brasiliense and A. coelebs were the only stages
to show significant differences between months (P =0.049 and
P =0.047, respectively). Figure 2 shows monthly variations in
abundances of the tick species found most frequently on vege-
tation and comparisons with variations in the mean abundances
of the same species found on their main hosts. As Nasua nasua
(Linnaeus), Didelphis aurita (Wied-Neuwied) and cattle were
the most commonly examined hosts, and both the prevalence
and mean abundance of several tick species were highest in these
host species, these were taken into account to compare seasonal
peaks in tick abundances on vegetation and on hosts.

Discussion

In the present study, a total of 16044 ticks belonging to 12
species were collected from vegetation and hosts in three distinct
environments in northern Argentina. The presence of all tick
species found in this study had been previously reported in this
area (Boero & Delpietro, 1971; Ivancovich & Luciani, 1992;
Nava et al., 2012; Lamattina et al., 2014, 2016). The immature
stages of most species presented lower levels of host specificity
than adult stages, in agreement with Nava & Guglielmone
(2013) and Esser et al. (2016). For example, adults of A. ovale
were found almost exclusively on carnivores, whereas immature
forms were found on didelphid marsupials, rodents, carnivores
and passerine birds. In the same way, adults of A. coelebs
and A. brasiliense were found almost exclusively on Tapirus
terrestris (Linnaeus), whereas immature stages were found to
be host generalist. With respect to birds, the most commonly
captured birds were passerines, within which the genus Turdus
presented the highest prevalence of tick infestation (21.7%). The
human seems to be a host that occasionally harbours different

ixodid species, as observed in this study, in agreement with
Guglielmone et al. (2006).

The sample coverage estimators of each sampling set showed
that about 100% of the entire population of individuals in
each tick assembly belonged to the species represented in the
samples. The Chaol species richness estimator of the tick
assembly from the forest environment was the only estimator
to show a small difference with the species richness found
in this study, which reflected high numbers of singletons and
doubletons. The estimates obtained for the agroecosystem and
urban environments did not differ from the species richness
found in this study.

The differences among the forest, agricultural and urban envi-
ronments can be explained by means of species richness data and
the proportional abundances of each species. The data showed
considerable species diversity in the forest environment accom-
panied by low equitability because collections in this environ-
ment included a high proportion of rare species represented by
low numbers of individuals.

The Horn biodiversity similarity indices among the three
free-living tick assemblies and between the two parasitic tick
assemblies were low. The forest and agricultural environments,
and the agricultural and urban environments, respectively, as
well as being contiguous (they contain patches of vegetation of
similar structures), were found to share some of the reported
hosts of ixodids, such as D. aurita in the first case and dogs
in the second. Therefore, it is understandable that their sim-
ilarity indices were higher than that calculated for the for-
est and urban environments. Nevertheless, the wide differences
observed between environments indicate that the establishment
of some species of tick in a given environment depends not only
on the presence of hosts, but on the suitability of the habitat
in terms of other environmental factors such as microclimatic
conditions and vegetation composition. In any case, the find-
ings of this study indicate that forest environments are more
suitable habitats than agricultural and urban environments for
many native species of tick, but are unsuitable for R. sanguineus
and R. microplus, which are exotic species that have established
successfully in environments that have been modified by human
activities and in which their principal hosts, dogs and cattle,
respectively, prevail.

With respect to the temporal distribution of ixodid tick abun-
dances, there were no significant differences between findings
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Fig. 2. Monthly distributions of the different stages of tick species found on vegetation and on hosts in northern Misiones Province, Argentina,

2014-2016. (A) Amblyomma brasiliense abundance on vegetation. (B) A. brasiliense mean abundance on Nasua nasua. (C) Amblyomma coelebs

abundance on vegetation. (D) A. coelebs mean abundance on Didelphis aurita. (E) A. coelebs mean abundance on N. nasua. (F) Amblyomma ovale

abundance on vegetation. (G) A. ovale mean abundance on N. nasua. (H) Haemaphysalis juxtakochi abundance on vegetation. (I) H. juxtakochi mean

abundance on N. nasua. (J) Rhipicephalus microplus (larvae) abundance on vegetation. (K) R. microplus (adults) mean abundance on cattle.
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for the first and second years of sampling. The findings sug-
gest that some species, such as A. coelebs, A. brasiliense and
A. ovale, may show a cycle of one generation per year but that
more than one cohort may co-exist within their populations
because specimens of different stages were found throughout
the year on both vegetation and hosts. These results agree with
findings in other species such as Ixodes ricinus (Linnaeus) in
southwest Scotland (Walker, 2001), Amblyomma neumanni Rib-
aga in the northwest of the province of Cérdoba, Argentina
(Nava et al., 2009), and A. dubitatum in the province of Cor-
rientes, Argentina (Debdrbora et al., 2014). Other species, such
as H. juxtakochi, present cycles of a single generation per year.

In the environments with no anthropic modification,
well-marked patterns of seasonal distribution in free-living
tick species were seen, with significant differences between
seasons in the abundances of all species found. Amblyomma
brasiliense presented a characteristic pattern in all stages, with
significant differences between summer and winter, as was
also observed in nymphs of A. coelebs and nymphs and adults
of H. juxtakochi. In A. incisum larvae and A. ovale adults,
significant differences were observed mainly between autumn
and spring, whereas H. juxtakochi larvae presented significant
differences only between summer and spring. Seasonality and
other parameters were evaluated individually by tick stage in
order to avoid biases based on the amount of larvae collected
in clusters. However, the number of larvae found in a clus-
ter differed by species (e.g. larvae in clusters of A. coelebs
were more numerous than larvae in clusters of A. brasiliense,
which, in turn, were more numerous than larvae in clusters of
A. incisum) and, given that this factor may be significant in the
ecology of a species, it was considered important to ensure this
information was not lost by considering clusters of larvae as
units in summaries of abundances.

In a study performed in Sdo Paulo, Brazil (Szabd et al.,
2009), A. incisum showed peaks in abundance in nymphs in
spring, and in adults in winter and summer, whereas larvae were
present only in autumn and winter. Larvae of A. brasiliense were
more abundant during autumn, and nymphs and adults were
less abundant in autumn and summer, respectively. Amblyomma
ovale adults were more abundant in spring and summer (Szabd
et al.,2009). In the present study, A. incisum nymphs were more
abundant during winter, whereas adults were present throughout
the year and showed no significant differences between seasons.
Findings in all stages of A. brasiliense were similar to those
described by Szabd eral. (2009), as were those in A. ovale
adults. This suggests that, in similar environments (in this case,
in two Atlantic Rainforest studies), the temporal and spatial
dynamics of the different tick species can be expected to be
similar, albeit with divergences caused by associations with
external factors such as temperature and saturation deficit, as
has been reported in, for example, Amblyomma maculatum Koch
(Barker et al., 2004) and Ixodes scapularis Say (Ogden et al.,
2005) in the U.S.A.

The absence of significant differences in the temporal distri-
butions of parasitic life stages may reflect the heterogeneity of
the wild hosts examined because the current records are derived
from catches and from animals killed by vehicle traffic, on which
abundances may be underestimated. By contrast, the seasonal
distribution of R. sanguineus s.l. showed significant differences
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in abundance between seasons and a marked increase in abun-
dance in summer. This is in agreement with a great number of
works that indicate that successful oviposition, egg hatching and
larval and nymphal moulting are unlikely at low temperature
conditions (Dantas-Torres, 2010).

In Fig. 2, which shows levels of similarity in abundances of
ticks found on vegetation and hosts, there are apparent peaks
of greater abundance that correspond between collections of
ticks from vegetation and from their main hosts, respectively.
Nymphs of A. brasiliense showed greater abundance on vegeta-
tion and greater mean abundance on N. nasua in summer, as did
A. coelebs larvae, of which mean abundance on D. aurita was
also greater in summer. By contrast, A. coelebs nymphs showed
higher abundances on vegetation and a greater mean abundance
on D. aurita during winter. Adults of A. ovale, however, pre-
sented peaks in abundance on vegetation and in mean abun-
dance on N. nasua in spring. In H. juxtakochi, larvae peaked in
abundance on vegetation and on N. nasua in summer, whereas
nymphs did so in winter. Both immature and adult stages of
R. microplus were detected on hosts but only adults were con-
sidered for the analysis of monthly mean abundance. Adults of
R. microplus were present throughout the year on Bos taurus
and did not fluctuate much in abundance between seasons. The
pattern of seasonality observed for R. microplus suggests that
this species produces at least four generations per year in the
study area.

In conclusion, this study showed that some species are present
only in some seasons of the year (A. ovale, H. juxtakochi) and
others are present throughout the year and show seasonal peaks
in abundance (A. brasiliense, A. coelebs, R. microplus). In the
same way, some species are present in a variety of environments
but at greater abundance in some than in others. This information
may be useful in the development of strategies for the surveil-
lance and prevention of tick-borne diseases because it provides
the possibility of identifying zones and times at which the risk
for tick bite is greater.

Knowledge on host usage and the temporal and spatial dynam-
ics of tick abundances is necessary to further understanding of
the risk for transmission of tick-borne pathogens. Indeed, tick
control strategies should be based on existing information on the
spatial and temporal distributions and the climatic and host pref-
erences of ticks. The present work provides information on all of
these factors for ticks present in environments of different levels
of anthropogenic disturbance in the Atlantic Forest ecoregion of
Argentina.
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