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Abstract Only a few aspects of the biology of Amblyomma parvitarsum Neumann are
known. Adults of this hard tick species are parasites of South American camelids in the
Andean plateau of Argentina, Bolivia, Peru and Chile and also in the Argentine Patagonia,
but they have been also rarely found on other artyodactils and two species of birds. The larva
has been collected from reptiles in northern Chile, whereas the hosts for the nymph remain
unknown. On nine localities included within Altitude Tropical and Perarid Mediterranean
ecoregions in northern Chile, we analyzed 237 reptiles, 285 birds, 624 rodents and 52
camelids for infestation with A. parvitarsum to calculate seasonal prevalence of this tick.
We also reviewed the literature of this tick and three entomological collections for obtaining
and summarizing all the information to date about this tick. None of the analyzed birds and
rodents were parasitized with A. parvitarsum; however, seven over a total of ten reptile
species that we caught were infested with the larva. In the camelid species Lama glama and
Vicugna pacos we collected adult specimens of this tick. Larval prevalence was higher
during fall (75 %) in Liolaemus pleopholis in the Altitude Tropical ecoregion. We also
collected adult specimens of A. parvitarsum from camelid manure heaps during summer in
Salar de Surire and Llullaillaco localities. Additionally, we also reviewed the literature of
this tick and examined specimens in three entomological collections for obtaining and
summarizing all the information to date about this tick. By this study, nine localities and
seven new hosts are added for A. parvitarsum and we confirm reptiles as specific hosts of
this tick larva.
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Introduction

In the neotropical region, the genus Amblyomma Koch, 1844 (Ixodidae) is represented by 45
species (Guglielmone et al. 2004). In a recent review of these species Voltzit (2007) con-
fuses A. neumanni Ribaga 1902 with A. parvitarsum Neumann 1901 (Nava et al. 2009).
These two species are included within the A. maculatum Koch, 1844 tick group in the
Anastosiella subgenera (Camicas et al. 1998), however genetic analysis proved that A.
neumanni and A. parvitarsum belong to a different subgenera more related to the A. ovale
Koch, 1844 tick group (Estrada-Pefia et al. 2005). In the Neotropics, at least 21 Amblyomma
species use reptiles as hosts, five species parasitize birds and artiodactyls and seven species
are parasites of rodents for at least one of their life stages (Guglielmone et al. 2004).

Hard ticks of the genus Amblyomma have a three-host life cycle (Oliver 1989) and are
vectors of several pathogens of zoonotic potential (Labruna et al. 2004; Venzal et al. 2004;
Nava et al. 2008). The complete life cycle of A. parvitarsum is still unknown (Aguirre et al.
1997). Dios (1917) tried to feed females of this tick on goats, sheep and swine but he did
not obtain positive results. Later, Aguirre et al. (1997) attempted to replicate the biological
cycle under laboratory conditions, however he failed because he used incorrect hosts
(camelids) for feeding the larva. Recently, Estrada-Peiia et al. (2005) describe the larva but
the nymph still remains unknown (Guglielmone et al. 2004).

Adults of this tick have been isolated from cattle and sheep in provinces of north and
south Argentina (Boero 1954; Estrada-Pefia et al. 2005), and Ivancovich and Luciani
(1992) describe its finding in cattle and horses in non-Andean environments in central and
northwestern Argentina, however the latter records are considered doubtful (Guglielmone
and Nava 2006). Need et al. (1991) stated that the larva and nymph of A. parvitarsum may
feed in reptiles and probably in little birds. In fact, Gonzalez-Acufa et al. (2004) found the
larva to be a parasite of the lizard Liolaemus jamesi Boulanger 1981 (Squamata: Liola-
emidae) in Salar de Surire (18°50'S 69°06’0) in the Chilean Altiplano, which is to date the
only documented record of a reptile host for this tick. Moreover, the Food and Agriculture
Organization (FAO 1988) suggested that, besides reptiles and birds, immature stages of A.
parvitarsum could be found on moles and vizcachas (Lagidium spp.), but to date there is no
information to validate this assertion. Adults of this tick have been reported in only two
birds species, Pterocnemia pennata Sibley and Monroe 1993 (Boero 1957) and Spheniscus
magellanicus Forster 1781 (Becker et al. 1997), nonetheless these both hosts are consid-
ered accidental (Estrada-Pena et al. 2005).

The species A. parvitarsum was described by Neumann (1901) from female ticks col-
lected in Bolivia and in the Argentinean Patagonia, without specifying the host. Years
later, Dios (1917) gave a wrong diagnosis and identified the species A. altiplanum from
male and female specimens of A. parvitarsum collected from Lama glama Linnaeus 1785
on the Andean plateau of Argentina and Bolivia. Later, most of the published information
about this tick has consisted of findings in different localities and hosts, which are included
in lists of ticks of Argentina (Aragdo 1935, 1938; Boero 1944, 1954, 1957, 1959; Gugl-
ielmone and Nava 2006; Ortiz et al. 2011), Peru (Need et al. 1991) and also in reports in
the Patagonean Andean region (Peralta et al. 1994; Gonzalez-Acufa et al. 2004; Beltran-
Saavedra et al. 2011).
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The geographic distribution of A. parvitarsum includes the Andean plateau of Argen-
tina, Bolivia, Chile and Peru and also the Argentine Patagonia (Boero 1957) where adults
are parasitic on South American camelid species of the genera Lama and Vicugna
(Guglielmone et al. 2004). Nava et al. (2013) found a male A. parvitarsum specimen
together with skeletal remains of Vicugna vicugna Molina, 1782 in archaeological layers of
Late Holocene in a rock shelter used by hunter-gatherer groups in northern Argentina.
Despite this interesting host-parasite relationship, studies of population dynamics and of
the ecology of this tick in its habitat are still lacking.

The present study is a review of all the existing data about the distribution and hosts for
A. parvitarsum including new hosts and locality reports for Argentina, Bolivia and Chile
and we present unpublished data on parasite-host ecology of this tick.

Materials and methods
Literature and entomological collections review

A systematic revision of all the existent literature about A. parvitarsum was made and we
made a table with a complete record of localities and hosts. Moreover, unpublished data of
A. parvitarsum were obtained from a revision of specimens of the Coleccion Boliviana de
Fauna (CBF), La Paz, Bolivia, the Coleccion de Zoologia de la Facultad de Ciencias
Veterinarias de la Universidad de Concepcion (CZVUC), Chillan, Chile, and the collection
of the Instituto Nacional de Tecnologia Agropecuaria (INTA), Rafaela, Argentina.

Study sites

A seasonal analysis of reptiles, birds, rodents and camelids was made between December
of 2011 and October of 2012 in seven localities of the Altitude Tropical (AT) ecoregion
and in three localities of the Perarid Mediterranean (PM) ecoregion, both zones located in
northern Chile (Fig. 1). The TA ecoregion is characterized by presenting Andean plateau
(3,800—4,500 m) and tropical climate tendencies that concentrates rainfall during warm
months (Di Castri 1968). To the western limits of this ecoregion, it extends to the Atacama
Desert and towards southern latitudes the aridity of the environment is attenuated by the
Pacific Ocean’s influence, given rising to the PM ecoregion, where the dry season occurs
during spring and summer and scarce rainfall in cold months (Di Castri and Hajek 1976).

Reptiles, birds, rodents and camelids capture

Over a total of 68 sampling days, reptiles were captured by noosing (Klukowski and
Nelson 2001) with a capture effort of 6 h/day. Birds were captured using two mist nests
(Ecotone®, Gdynia, Polonia) of 20 x 3.2 m (26 mm of mesh), with a capture effort of
128 m? x 10 h/day. We use 100 Sherman-like traps for capturing rodents with 100
traps x 10 h/night as capture effort. For larger rodents we also use two Tomahawk-like
traps that remain active during our stay on one site. Domestic camelids were analyzed
within their enclosures in the localities of Ollagiie and Enquelga (Fig. 1). All captures were
authorized by the Servicio Agricola y Ganadero and the Corporacion Nacional Forestal by
the resolutions n° 2012 and n° 11/2010, respectively.
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Fig. 1 South American localities where A. parvitarsum has been reported and study sites in chile

Tick collecting methods

Observed ticks were collected using metallic clamps and put in 70 % alcohol tubes for
laboratory analysis. We registered tick’s location on the host’s body and calculate their
prevalence. In Parinacota, Guallatire, Enquelga, Collahuasi, Ollagiie and Llullaillaco, we
searched for ticks in camelid manure heaps. Larva and adult tick identification was done
using the keys given by Estrada-Pefa et al. (2005) and collected ticks were deposited in the
CZVUC (CZVUC V204, V215, V220-V225, V238-V242, V1298, V1299, VII455, VII460,
VII462-VII465, VII498, VII499, VII501, VIII231, VIII254).

Statistical analysis
In order to obtain representative results, prevalence was seasonally compared only in hosts
captured at a minimum number of 25 individuals per season (Poulin 1996; Jovani and Tella

2006). Mean numbers were obtained for infested corporal regions. Both analyses were
made using the software Quantitative Parasitology 3.0 (Rdzsa et al. 2000).
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Results
Distribution

Considering the revision of all the existent literature, the revision of the CBF (CBF-Ixo-
00008-00013 and CBF-Ix0-00030-00035), the CZVUC (CZVUC 53, CZVUC 124-132,
V204, V215, V220-V225, V238-V242, VI298, VI299, VII455, VII460, VII462-VII465,
VII498, V11499, VII501, VIII231, VIII254), the INTA collection (INTA 1272, 1815, 1838,
2043, 2089, 2223), and new records given by this study, A. parvitarsum have been
described in 26 localities in Argentina (Aragdo 1935, 1938; Boero 1944, 1954, 1959;
Keirans 1985; Peralta et al. 1994; Aguirre et al. 1997; Arce de Hamity and Ortiz 2004;
Estrada-Pefia et al. 2005; Ortiz et al. 2011; Nava et al. 2013; this study), eight in Chile
(Gonzalez-Acuia et al. 2004; this study), four in Bolivia (Beltran-Saavedra et al. 201 1; this
study), three in Peru (Dale and Venero 1977; Need et al. 1991; Guglielmone et al. 2005)
and one in Brazil (Becker et al. 1997) (Table 1).

Hosts
Reptiles

In total, 237 Liolaemus lizards (Squamata: Liolaemidae) were captured: L. andinus
(n = 3), L. alticolor (n = 3), L. atacamensis (n = 11), L. bisignatus (n = 158), L. copi-
apoensis (n = 15), L. jamesi (n = 7), L. nigriceps (n = 3), L. ornatus (n = 2), L. patri-
ciaiturrae (n = 3) and L. pleopholis (n = 34). Seven of ten species were parasitized by the
larva of A. parvitarsum, collecting a total of 101 ticks over 35 infected lizards (14.6 %). As
individuals of L. bisignatus, L. atacamensis and L. jamesi were not parasitized, and due to
the small sample obtained for L. andinus, L. alticolor, L. nigriceps, L. ornatus and L.
patriciaiturrae, statistical analysis for prevalence was only made for L. pleopholis. For this
lizard, prevalence was calculated in three seasons: fall (75 %), spring (28.6 %) and
summer (54.6 %), however this observed variation was not significant (p = 0.09;
o = 0.05). Mean abundances of ticks on different corporal regions are showed in Table 2.

Birds

Birds were caught in Parinacota, Salar de Surire, Enquelga, Ollagiie, Parque Nacional Pan
de Azicar and Parque Nacional Llanos de Challe (Fig. 1). In total we analyzed 15 Col-
umbiformes and 270 Passeriformes birds belonging to seven families, twelve genera and
19 species (Agriornis montana, Asthenes humicola, A. modesta, Diuca diuca, Geositta
cunicularia, G. rufipennis, Metriopelia aymara, Muscisaxicola maculirsotris, Leptas-
thenura aegitaloides, Passer domesticus, Phrygilus alaudinus, P atriceps, P. fruticeti, P.
gayi, P. plebejus, Scelorchilus albicollis, Upucerthia dumetaria and Zonotrichia capensis).
No infestation by A. parvitarsum was detected. However, of the analysis of CVZUC we
found one female of A. parvitarsum collected from a Choique (P. pennata) in Argentine
Patagonia (Estancia Sarai, Santa Cruz) (Table 1).

Rodents

For rodents (Rodentia) we caught a total of 624 specimens belonging to four families, eight
genera and 15 species (Abrocoma cinereus, Abrothrix andinus, Abrot. longipilis, Abrot.
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Table 2 Mean numbers of the larvae of Amblyomma parvitarsum on Liolaemus lizards

Host n I Corporal region
AO GR PFR N CLO HL VR AP FL GR
L. alticolor 3 1 0.30
L. andinus 3 3 0.67
L. copiapoensis 15 5 033 0.27 0.20
L. nigriceps 3 3 067 1
L. ornatus 2 2 1.50
L. patriciaiturrae 3 1 0.333
L. pleopholis 34 20 041 029 0.05 034 047 002 029 023 0.05 0.05
Total 63 35 291 129 098 0.67 067 032 029 023 0.05 0.05

I number of infested hosts, AO auricular orifice, GR gular region, PFR post femoral regions, N neck, CLO
cloaca, HL hind limbs, VR ventral region, AP arm pits, FL flanks, GR groin

olivaceus, Akodon albiventer, Ak. berlepschi, Auliscomys sublimis, Eligmodontia hirtipes,
E. puerulus, Eligmodontia sp., Lagidium viscacia, Oligoryzomys longicaudatus, Phyllotis
darwini and P. xanthopygus) at the same bird capture localities. No rodents were para-
sitized with A. parvitarsum.

Camelids

Amblyomma parvitarsum was observed in three domestic populations of Vicugna pacos
and L. glama in different seasons: Enquelga (summer, n = 12), Ollagiie (winter, n = 15;
summer, n = 5) and Visviri (summer, n = 20), locality of CZVUC analyzed ticks. In these
three localities we observed a total of 39 adults of A. parvitarsum (24 females and 15
males). In both Visviri and Enquelga, observed prevalence was 50 % and in Ollagiie only
one individual was observed in during summer (20 %).

Manure heaps

Over a total of 37 manure heaps of wild and domestic camelids (V. vicugna and V. pacos
respectively), analyzed in Parinacota (n = 7), Salar de Surire (n = 8), Guallatire (n = 4),
Enquelga (n = 7), Collahuasi (n = 4), Ollagiie (n = 4) and Llullaillaco (n = 3) localities,
we only collected three males of A. parvitarsum in Salar de Surire and one male in
Llullaillaco. In both cases, ticks were found hidden under the dung. No ticks were observed
in manure heaps analyzed in Parinacota, Guallatire, Enquelga, Collahuasi and Ollagiie.
Moreover, of the analysis of the INTA collection, we found two males and two females
collected during autumn (Mar 7, 2009) in a V. vicugna manure heap in Parque Nacional
San Guillermo (San Juan, Argentina), and three males collected on vegetation during
spring (Sep 2008) in Monumento Bosque Petrificado (Santa Cruz, Argentina) (Table 1).

Discussion
The hard tick A. parvitarsum is described as an inhabitant of Andean and Patagonic

environments and in association with populations of South American camelids (Boero
1957; Guglielmone et al. 2004). Although described for Chile, Bolivia, Peru and
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Argentina, it is at the northern end of the latter country where records of adults of this tick
are concentrated, which could be explained by the greater sampling effort that has existed
in the area. The larva has only been reported in Chile as a parasite of lizards (Gonzalez-
Acufia et al. 2004) and the nymph still remains unknown, however it is probable that it also
parasitizes reptiles but during a short period of time. Therefore, it would be less probable to
observe it and this may be the reason why we could not find it during this study.

Hosts

Considering literature and the data obtained by this study, to date A. parvitarsum has eight
reptiles, two bird and seven mammal species as hosts. However, the finding of adults of
this tick on horses and cattle (Ivancovich and Luciani 1992) in San Pedro de Toyos
(Cérdoba, Argentina) and Salta (Salta, Argentina) are considered doubtful by Guglielmone
and Nava (2006).

Reptiles

With the data collected in this study, we observed that, at least in Chile, hosts of A.
parvitarsum larva correspond to lizards of Liolaemus genus. This reptile genus is also
present in all the other countries where A. parvitarsum inhabits, therefore the number of
reptile species hosts might be still underestimated. Seven of ten reptiles species analyzed in
this study were parasitized with the larva of A. parvitarsum. Even when Gonzalez-Acufia
et al. (2004) found the larva of this tick parasitizing L. jamesi in Salar de Surire, none of
these lizard species analyzed in the present study were infested. However, in the same
locality, we found one individual of L. alticolor with one larva of A. parvitarsum, con-
firming its presence there.

Higher prevalence of the larva observed in L. pleopholis during the fall (75 %) in
Parinacota, might be explained by optimum humidity and temperature conditions as a
consequence of regular summer rainfall occurring in the AT ecoregion (Di Castri and
Hajek 1976). However, it also might be explained by the absence of active L. pleopholis
individuals during winter (possibly due to low temperatures), which would force the larva
of A. parvitarsum to seek a reptile host before they take refuge underground. Moreover, at
this locality there exist large groups of domestic Alpacas (V. pacos) and Llamas (L. glama)
that might harbor adult stages of this tick. Higher density of these camelid groups could
also explain the higher prevalence observed in L. pleopholis in this locality.

The finding of A. parvitarsum in L. copiapoensis, a lizard that inhabits the interior zones
of the PM ecoregion (Veloso and Navarro 1988), suggests that this tick does not restrict its
habitat to altiplanic hosts of AT ecoregion. In fact, there are reports of adult A. parvitarsum
in the Argentinean Patagonia (Boero 1957) where populations of Lama guanicoe exist
(Gonzélez et al. 2006). Therefore, if we consider L. guanicoe populations of the coastal PM
ecoregion (25°-28°S) of Argentine and Chilean Patagonia and the northern portion of
Tierra del Fuego island (50°-55°S) (Gonzalez et al. 2006) and the existence of sympatric
Liolaemus lizards populations, both at the PM ecoregion (Moreno et al. 2002; Vidal et al.
2009) and in the southern portion of Patagonia (Jaksic and Schwenk 1983), A. parvitarsum
might have a larger distribution. Notwithstanding the foregoing, none of L. bisignatus
individuals, analyzed in the coastal portion of PM (Parque Nacional Pan de Azuicar and
Parque Nacional Llanos de Challe), were positive for this tick larva. Estrada-Pefia (2002)
suggests that the distribution of a tick species might not only depend on abiotic factors such
as temperature or humidity but also on hosts occurrence and availability in a particular
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habitat. In this way, low density and fragmentation of coastal L. guanicoe populations
inhabiting visited localities at the PM ecoregion (Marin et al. 2008), also separated from
populations of the AT ecoregion at the same latitudes (Gonzalez et al. 2006), might be
ecological reasons that prevent the development of A. parvitarsum life cycle. However,
more prospections of sympatric lizard populations might be done within camelid species
distributional range in the PM ecoregion in order to confirm the absence of this tick in this
zone.

Anatomic preference of larva on its host was mainly auricular orifices. This body zone
might be an ecologic niche for parasites that cannot hide under a host’s scales and also
constitute sites of difficult access to get rid of them (Fajfer 2012). Lizards of the genus
Liolaemus have little thin round scales around the tympanic membrane (Donoso-Barros
1966; Pincheira-Donoso and Nuifiez 2005), making the adhesion and blood sucking easier
for this tick larva.

Birds

Need et al. (1991) stated that in addition to reptiles, little birds may be hosts of the larva of
A. parvitarsum. However, none of the analyzed birds was parasitized by immature stages
of this tick, even when sympatric analyzed reptiles were positive to the larva. The sole
records of A. parvitarsum parasitizing birds correspond to one female isolated on S.
magellanicus in Brazil (Becker et al. 1997) and an adult specimen of unspecified sex
collected on P. pennata in the Southern Patagonia of Argentina (Boero 1954). Moreover in
this study we identify a female again on a Choique (P. pennata) in southern Argentina.
This data discards little birds as hosts of this tick and suggests that no flying birds might be
occasional hosts of adult stages of A. parvitarsum and that, at least the larva, would be a
specific parasite of reptiles. Otherwise, we still consider exceptional the report of this tick
on S. magellanicus.

Rodents

Contrary to the proposal by the FAO (1988) that immature stages of A. parvitarsum should
parasite moles and vizcachas (Lagidium spp.), none of the analyzed rodents was infested
with A. parvitarsum. This data suggests that immature stages of this tick might not use
mammal hosts since rodents were captured at the same localities where analyzed reptiles
were infested.

Camelids

For this study adult ticks were collected only on domestic L. glama and V. pacos, a still
unreported host for A. parvitarsum in Chile (Donoso 1953; Tagle 1971). The four South
American camelids species (L. glama, L. guanicoe, V. pacos and V. vicugna) have been
described as hosts of A. parvitarsum in Argentina (Aragdo 1935, 1938; Boero 1944, 1954,
1957, 1959; Peralta et al. 1994; Aguirre et al. 1997; Arce de Hamity and Ortiz 2004; Ortiz
et al. 2011), however only L. glama and V. vicugna has been reported as hosts in Bolivia
(Dios 1917; Beltran-Saavedra et al. 2011). In Peru, the sole species still not recorded as a
host of this tick is L. guanicoe. Although adult stages of A. parvitarsum have been
described as specifics of South American camelids (Hoogstraal and Aeschlimann 1982),
there are some reports on other herbivore mammals and on two bird species, indicating
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only a moderate specificity (Estrada-Pefia et al. 2005). All ticks collected from camelids
were engorged in perianal and inguinal region on the host. These body regions have thin
skin and would be preferred by this blood sucking parasites (Dios 1917; FAO 1988;
Aguirre et al. 1997). This data is consistent with other studies (Peralta et al. 1994; Beltran-
Saavedra et al. 2011).

Ticks in the environment

Besides A. parvitarsum males collected during summer in V. vicugna manure heaps in
Salar de Surire and Llullaillaco (Chile) and during fall in the Parque Nacional San Guil-
lermo (Argentina), Dale and Venero (1977) collected adult specimens of this tick from
manure heaps of the same camelid species in Pampa Galeras (Peru) during winter and
spring. A. parvitarsum is a tick adapted to live under extreme conditions in all seasons.
Other hard ticks (e.g. Ixodes uriae White 1852) living in similar extreme conditions have
more than a 1 year life cycle (Frenot et al. 2001) and remain hidden under rocks in the
environment (Benoit et al. 2008). Nevertheless, A. parvitarsum could occasionally be on
vegetation, as suggested by the finding of one specimen in Monumento Bosque Petrificado,
at Argentine Patagonia. The presence of adults of this tick during fall, winter, spring and
summer, may indicate that its biological cycle requires more than a year to be
accomplished.

Through this study the presence of A. parvitarsum is confirmed in seven Liolaemus
lizard species, and the sympatric distribution and possible ecologic association of this tick
species with reptiles and South American camelids, in the PM and AT ecoregions in
northern Chile. Apparently, regardless of the ecoregion, the existence of reptiles and the
density of camelids population could be a determining factor for the prevalence of A.
parvitarsum.

Further studies should find and describe the nymph of A. parvitarsum and its respective
hosts, and study the life cycle and ecology of this hard tick since, besides the parasitizing
wild hosts, it is a frequent parasite of domestic camelids and it may have sanitary and
productive implications.
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