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Abstract This paper provides a re-description of the

female and a description of the nymph of Ixodes

chilensis Kohls, 1956. Additionally, the phylogenetic

position of the species of Ixodes Latreille, 1796

belonging to the subgenus Pholeoixodes Schulze,

1942 was analysed and discussed based on a phylo-

genetic pattern obtained with mitochondrial DNA

sequences of the 16S rRNA gene. The diagnostic

characters unique for the female of I. chilensis are a

combination of coxae I–IV of legs with one external

minute triangular spur each (barely perceptible) and

lacking internal spur, tarsus I with a subapical dorsal

hump, basis capituli subrectangular with sinuous

posterior margin, hypostome rounded apically, cornua

and auriculae absent, scapulae pointed, palps short,

porose areas rounded separated by an interporose area

wider than the diameter of one area, scutum with

posterior margin straight and surface in the anterolat-

eral field rugose, with punctations larger in the

posterior field. The nymph of I. chilensis is charac-

terised by the presence of scutum with posterior

margin nearly straight, lateral carinae absent, basis

capituli subrectangular in shape with posterior margin

nearly straight, small auriculae as lateral ridges, palps

short, hypostome rounded apically, and coxae I–IV of

legs with just one external small triangular spur each

(barely perceptible) and lacking internal spurs. Anal-

ysis of 16S sequences showed that I. chilensis form a

well-supported clade with the following species with a

wide geographical distribution but mostly established

in the Palaearctic region and none from the Neotrop-

ics: I. simplex Neumann, 1906; I. arboricola Schulze

& Schlottke, 1929; I. lividus Koch, 1844; I. canisuga

Johnston, 1849; I. vespertilionis Koch, 1844; I.

ariadnae Hornok, 2014; I. collaris Hornok, 2016;

and I. kangdingensis Gou, Sun, Xu & Durden, 2017.

The phylogenetic analysis also has demonstrated that

the subgenus Pholeoixodes Schulze, 1942 is not

monophyletic. The species considered as belonging

to this subgenus were grouped in two different clades

which did not have a well-supported common node

defining monophyly.

This article is part of the Topical Collection Arthropoda.
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Introduction

The genus Ixodes Latreille, 1796 (Acari: Ixodidae) is

represented by nine species in Chile (Nava et al.,

2017). Of these, Ixodes chilensis Kohls, 1956 is known

from the holotype, an engorged female with the distal

portion of the hypostome broken, collected from an

unknown host at Angol, in 1929, as described by Kohls

(1956). Tagle (1971) speculated that the female of I.

chilensis was collected from a horse, but there is no

evidence to support this statement.

Ixodes chilensis is placed within the subgenus

Pholeoixodes Schulze, 1942, by Clifford et al. (1973)

and Filippova (1977). Guglielmone et al. (2017) stated

that most tick workers support the subgeneric position

of Pholeoixodes, but Camicas & Morel (1977)

elevated Pholeoixodes to the generic rank, and,

accordingly, Camicas et al. (1998) treated this species

as a member of the genus Pholeoixodes. Clifford et al.

(1973) stated that I. chilensis, Ixodes taglei Kohls,

1969, Ixodes nuttalli Lahille, 1913 and Ixodes rubidus

Neumann, 1901 are the Neotropical members of

Pholeoixodes, but Camicas et al. (1998) excluded I.

nuttalli and I. taglei from Pholeoixodes. Filippova

(1957) erected the genus Ixodiopsis Filippova, 1957

but neither Clifford (1973) nor Camicas et al. (1998)

treated it as valid and included all species of Ixodiopsis

in Pholeoixodes. However, Robbins & Keirans (1992)

soundly defended the validity of the subgenus Ixodi-

opsis. Recently, Hornok et al. (2017) presented

evidence that challenges the monophyletic status of

the subgenus Pholeoixodes. This controversial situa-

tion will be further treated in the discussion section.

One of us (GO) conducted a survey of ticks of bats

in the Valdivian rainforest from Chile, where females

and nymphs of the genus Ixodes were collected.

Morphological and molecular studies were carried out

for species identification, but also to assess the

phylogenetic position of the Ixodes spp. from southern

South America, compatible with I. chilensis.

Materials and methods

Six bats (Chiroptera: Vespertilionidae), five Histiotus

magellanicus (Philippi) and one Myotis chiloensis

(Waterhouse), were captured on 12 May 2005 with

mist nets in Oncol (39�39049.8900S, 73�18046.7700W,

Los Rios region, at the Valdivian Forest Province of

the Andean region sensu Morrone (2006). The locality

is dominated by young trees Drimys winteri and old

trees Nothofagus dombeyi, in a dense matrix of Quila

scrublands (Chusquea spp.) (Luebert & Pliscoff,

2006).

Seven ticks (one female and six nymphs) belonging

to the genus Ixodes were collected on two H.

magellanicus, and deposited in the Tick Collection

of Facultad de Ciencias Veterinarias, Universidad de

Concepción, Chile. The conspecificity of the female

and nymphs was determined by comparison of mito-

chondrial DNA sequences of the 16S rRNA gene.

Ticks were cleaned with ultrasound (20 kHz) using

distilled water and commercial detergent in a propor-

tion of 9:1. All specimens were measured using a

Leica DM 1000 optical microscope. All measurements

in millimetres and are given as the range followed by

the mean in parentheses. Scanning electron photomi-

crographs were taken at the Servicio de Microscopı́a

Electrónica, Museo de La Plata, Universidad Nacional

de La Plata, Argentina, using a JEOL/JSM 6360 LV�

Digital Scanning Microscope.

DNA was extracted from the female and one nymph

and processed using a polymerase chain reaction

(PCR) following the methodology described by Man-

gold et al. (1998) and a 410 bp fragment of the

mitochondrial 16S rDNA was amplified using the

primers designed by Mangold et al. (1998). Sequences

were aligned together with sequences for Ixodes spp.

(including those belonging to the subgenus Pholeoix-

odes) available on GenBank, using the BioEdit

sequence alignment editor (Hall, 1999) with the

CLUSTAL W program (Thompson et al. 1994).

Phylogenetic relationships were assessed in terms of

maximum likelihood method (ML). Best-fitting sub-

stitution models were determined with the Bayesian

information criterion using the ML model test imple-

mented in MEGA 5 (Tamura et al., 2011). The number

of variable nucleotide positions between sequences

was used to calculate pairwise estimates of percent

sequence divergence. The phylogenetic tree was

generated with the GTR model and a discrete gamma

distribution with invariant sites (GTR?G?I). Support

for the topologies was tested by bootstrapping over

1000 replications.
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Results

The morphological congruence of the female and

nymphs collected from H. magellanicus indicates that

they belong to the same species of Ixodes, a fact

further reinforced by identical 16S DNA sequences

obtained from the female and a nymph (see below).

The morphology of the female tick matches the

description of I. chilensis in Kohls (1956, figure 9,

pp. 648–649) and is compatible with the morphology

of the type-specimen we have examined (deposited in

the United States National Tick Collection, Institute

for Coastal Plain Science, Georgia Southern Univer-

sity, USA, under the accession number USN-

MENT00714114), although this author report a

scutum larger than in the specimen described in this

work, and a straight posterior border of the basis

capituli. Kohls (1956) also stated that the coxae I-IV

bear no spurs; nevertheless, his figure 9B shows an

indication of the minute external spur in coxae III-IV.

We believe that these apparent disagreements about

coxae spurring and posterior margin of basis capituli is

due to difficulties to observe morphological charac-

teristics of the fully engorged holotype and the

impossibility to obtain scanning electron microscopy

images. Otherwise, the female tick collected from H.

magellanicus shows the peculiar characters of I.

chilensis in the original description of Kohls (1956).

Additionally, localities where the holotype of I.

chilensis and the new specimens were collected are

in the same ecoregion. Therefore, we conclude that the

female and nymphs examined by us belong to I.

chilensis.

Family Ixodidae Murray, 1877

Genus Ixodes Latreille, 1796

Ixodes chilensis Kohls, 1956

Host: Histiotus magellanicus (Philippi) (Chiroptera:

Vespertilionidae).

Locality: Oncol (39�39049.8900S, 73�18046.7700W), Los

Rios region, Chile.

Voucher material: Tick Collection of the Facultad de

Ciencias Veterinarias, Universidad de Concepción,

Chile (accession number Hi.ma-Ix.ch.CDCA

68.1–68.7).

Comparative material examined: Type-specimen of I.

chilensis (female) from the United States National

Tick Collection, Institute for Coastal Plain Science,

Georgia Southern University, USA (accession number

USNMENT00714114).

Representative DNA sequences: Mitochondrial 16S

rRNA gene, GenBank accession number MH730656.

Description (Figs. 1–10)

Female [Re-description based on one semi-engorged

specimen; Figs. 1–6).] Body (Figs. 1–3) oval in

outline; notum with moderately long, whitish setae,

more numerous on dorsal and lateral surface, scattered

on ventral surface; genital aperture located between

coxae II and III. Scutum (Figs. 1, 3) slightly longer

than wide, length 1.15, width 1.10, inornate; surface of

anterolateral field rugose; punctuations conspicuous,

larger in the posterior field; posterior margin straight;

setae on the anterior and lateral margins present;

lateral carinae absent; scapulae pointed; cervical

grooves shallow, converging anteriorly then diverging

as shallow depressions. Basis capituli (Figs. 3, 4)

subrectangular, posterior margin sinuous; cornua

absent; porose areas rounded (0.08 in diameter) with

indistinct borders, separated by interporose area 0.12

wide. Palpi (Fig. 4) short, length 0.46, width 0.15,

article II length 0.32, article III length 0.11; suture

between articles II and III conspicuous; article IV

recessed within ventrolateral surface of article III.

Hypostome (Fig. 5) rounded apically, dental for-

mula 3/3 in the anterior third, then 2/2 to base; lateral

denticles larger than median. Spiracular plate sub-

circular in outline. Legs (Figs. 2, 6): coxae I–IV with

one external minute triangular spur each, internal

spurs absent, trochanters without spurs; tarsus I length

0.55, tarsus I width 0.17; tarsus I with a subapical

dorsal hump.

Nymph [Based on 6 specimens; measurements based

on 3 unengorged specimens; Figs. 7–10).] Body

(Figs. 7, 8) length from apices of hypostome to

posterior margin 1.10–1.20 (1.13), breadth at level

posterior to spiracular plates 0.64–0.68 (0.66); outline

oval; notum with moderately long, whitish setae,

numerous on dorsal and lateral surface, scattered on

ventral surface. Scutum (Fig. 7) length 0.40–0.60

(0.50), width 0.50–0.50 (0.50), inornate; posterior

margin nearly straight; lateral carinae absent; scapulae

rounded; cervical grooves shallow, converging ante-

riorly then diverging as shallow depressions; few and
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scattered setae present. Basis capituli (Fig. 9) sub-

rectangular, posterior margin nearly straight; cornua

absent; small auriculae as lateral ridges. Palpi

(Fig. 10) length 0.20–0.22 (0.20), width 0.11–0.12

(0.11), article II length 0.1–0.1 (0.1), article III length

0.07–0.07 (0.07); suture between articles II and III

conspicuous. Hypostome (Fig. 10) short, rounded

apically, length from apex of hypostome to Ph1 setae

0.12–0.13 (0.12); dental formula 3/3 for the first row,

then 2/2 nearly to base; lateral denticles larger than

medians. Spiracular plate sub-circular in outline. Legs

(Fig. 8): coxae I–IV with just one external small

Figs. 1–6 Ixodes chilensis, female. 1 Body, dorsal view; 2 Body, ventral view (arrow indicates subapical dorsal hump of tarsus I); 3

Capitulum (dorsal view) and scutum; 4 Capitulum and palps, dorsal view; 5 Hypostome; 6 Coxae. Scale-bars: 3, 500 lm; 4, 6, 200 lm;

5, 50 lm
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triangular spur each, internal spurs on coxae absent;

trochanters without spurs; tarsus I length 0.20–0.20

(0.20); tarsus I width 0.06–0.07 (0.07).

Phylogenetic analysis

Sequences of the 16S rRNA gene of the female and

nymph of I. chilensis described above were identical

(GenBank accession number MH730656). The phy-

logenetic position of I. chilensis according to the tree

obtained with the 16S sequences of Ixodes spp. is

depicted in Fig. 11. Ixodes chilensis is closely related

to four Palaearctic species usually included within the

subgenus Pholeoixodes (Ixodes arboricola Schulze &

Schlottke, 1929; I. lividus Koch, 1844; I. canisuga

Johnston, 1849; and I. kangdingensis Gou, Sun, Xu &

Durden, 2017) but also to two species of the subgenus

Eschatocephalus Frauenfeld, 1853 (I. simplex Neu-

mann, 1906 and I. vespertilionis Koch, 1844), plus two

bat tick species with undetermined subgeneric status

(I. ariadnae Hornok, 2014 and I. collaris Hornok,

2016). These species formed a well-supported clade.

The remaining species of the subgenus Pholeoixodes

Figs. 7–10 Ixodes chilensis, nymph. 7, Body, dorsal view; 8, Body, ventral view; 9, Capitulum, dorsal view; 10, Hypostome. Scale-

bars: 7, 10, 100 lm; 8, 200 lm; 9, 50 lm
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(along with members of the subgenus Ixodiopsis)

included in the phylogenetic analysis, i.e. I. hexagonus

Leach, 1815, I. angustus Neumann, 1899, I. sculptus

Neumann, 1904, I. banksi Bishopp, 1911, I. cookei

Packard 1869, I. woodi Bishopp, 1911, I. dampfi

Cooley, 1943, I. kingi Bishopp, 1911 and I. kaiseri

Arthur, 1957, formed a different clade which was not

related to the clade containing I. chilensis, I.

Fig. 11 Maximum-likelihood tree constructed from and 16S rDNA sequences. Numbers represent bootstrap support generated from

1000 replications. GenBank accession numbers are in brackets. *See the points addressed in the discussion on the reliability of the

sequences for I. canisuga deposited in the GenBank database, and problems related to subgeneric affiliations. **This sequence is

deposited in the GenBank database as belonging to I. vespertilionis, but it corresponds in fact to I. collaris (see Hornok et al., 2016). The

subgenus of I. collaris is undetermined
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arboricola, I. collaris, I. lividus, I. canisuga, I.

simplex, I. vespertilionis, I. kangdingensis and I.

ariadnae.

There is an inconsistence with the two 16S rDNA

sequences of I. canisuga (both obtained from ticks

collected in Germany; GenBank accession numbers

JF928511 and KY962045) because they were grouped

in different clades. One of the sequences (KY962045)

is grouped together with I. chilensis, I. lividus, I.

simplex, I. vespertilionis, I. ariadnae, I. arboricola, I.

collaris and I. kangdingensis, but the second

(JF928511) is placed in the clade formed by I.

hexagonus, I. angustus, I. sculptus, I. banksi, I. cookei,

I. woodi, I. dampfi, I. kingi and I. kaiseri.

The pairwise genetic divergence of I. chilensis

compared with I. arboricola, I. lividus, I. canisuga, I.

simplex, I. vespertilionis, I. collaris, I. kangdingensis

and I. ariadnae ranges between 7.5–9%. The genetic

divergence between I. chilensis and the remaining

Ixodes spp. included in the analysis is greater than 9%;

this comparison also includes Ixodes spp. present in

Chile (I. sigelos Keirans, Clifford & Corwin, 1976; I.

stilesi Neumann, 1911; I. neuquenensis Ringuelet,

1947; I. abrocomae Lahille, 1916; I. taglei Kohls,

1969; I. auritulus Neumann, 1904; and I. uriae White,

1852).

Discussion

The diagnostic characters unique for the female of I.

chilensis are a combination of coxae I-IV of legs with

one external minute triangular spur each (barely

perceptible) and lacking an internal spur; tarsus I with

a subapical dorsal hump; basis capituli subrectangular

with sinuous posterior margin; hypostome rounded

apically; cornua and auriculae absent; scapulae

pointed; palps short; porose areas rounded, separated

by an interporose area wider than the diameter of one

area; scutum with posterior margin straight and

surface in the anterolateral field rugose, with puncta-

tions larger in the posterior field. The nymph of I.

chilensis is characterised by the presence of scutum

with posterior margin nearly straight; lateral carinae

absent; basis capituli subrectangular with posterior

margin nearly straight; small auriculae as lateral

ridges; palps short; hypostome rounded apically; and

coxae I-IV of legs with just one external small

triangular spur each (barely perceptible) and lacking

internal spurs.

The combination of the morphological characters

shown above makes it possible to differentiate the

female and nymph of I. chilensis from the remaining

members of the genus Ixodes present in South

America, including those distributed in Chile. Addi-

tionally, the phylogenetic analysis clearly showed that

I. chilensis represents an independent lineage among

the Ixodes spp. with South American geographical

distribution.

Analysis of 16S sequences showed that I. chilensis

form a well-supported clade with the following

species of wide geographical distribution but mostly

established in the Palaearctic region and none from the

Neotropics: I. arboricola, I. ariadnae, I. canisuga, I.

collaris, I. kangdingensis, I. lividus, I. simplex and I.

vespertilionis (see Fig. 11) (Guglielmone et al., 2014;

Hornok et al., 2014; Guo et al., 2017). The only other

Neotropical species consistently recognised as a

member of the subgenus Pholeoixodes is I. rubidus,

but unfortunately there are no 16S sequences of this

species available on GenBank to determine its phylo-

genetic relationship with the species included in the

present analysis. Based on morphology, the female

and nymph of I. chilensis can be easily separated from

the female and nymph of I. rubidus by the internal spur

of coxa I, which is present in I. rubidus and absent in I.

chilensis.

The phylogenetic analysis demonstrated that the

subgenus Pholeoixodes is not monophyletic. The

species considered as belonging to this subgenus were

grouped in two different clades which did not have a

well-supported common node defining monophyly

(Fig. 1). These results are in agreement with the

results of Hornok et al. (2017), who concluded that

subgenus Pholeoixodes is not monophyletic after

performing phylogenetic analyses with mitochondrial

sequences of the 16S rRNA and cox1 genes. The

inconsistencies of the subgeneric division of Ixodes

have been discussed for species of the Australasia

(Klompen, 1999; Heath & Palma, 2017), the Neotrop-

ical (Guglielmone et al., 2006) and Palaearctic zoo-

geographic regions, as shown for Pholeoixodes

discussed here. Additionally, Camicas et al. (1998)

proposed the subgenus Amerixodes to contain nine

Neotropical species with rather different morpholog-

ical characters, but Amerixodes lacks diagnostic

criterion; consequently it was regarded as a nomen
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nudum by Marques et al. (2004). A reappraisal of

Ixodes subgenera is needed; however, this type of

study will represent a hard task considering that the

genus contains 252 species (Guglielmone et al., 2015).

In the meantime, assignment of subgeneric status for

species of Ixodes should be done cautiously because

several subgeneric affiliations are, in fact, provision-

ally valid leaving open the possibility of changes as

new information is gathered.

Regarding the inconsistence in the phylogenetic

position of I. canisuga (see results and Fig. 11), the

sequence deposited in GenBank with the number

KY962045, published by Hornok et al. (2017), is

considered here a bona fide sequence of I. canisuga

because the morphological diagnosis of the ticks from

which DNA was obtained is explicit (see Hornok et al.,

2017). On the contrary, the study of Karger et al.

(2012) who generated the sequence of I. canisuga

(GenBank: JF928511) shows ambiguity in relation to

the accuracy of the identification of this tick species,

because the 16S sequences of I. canisuga obtained by

Karger et al. (2012) show 100% homology to 16S

sequences of I. hexagonus from GenBank (see page 85

and table 2 of Karger et al., 2012). But it is obvious

that this problematic issue cannot be resolved here,

and further analyses should be performed to determine

the reliability of all sequences of I. canisuga available

on GenBank.

The species of Ixodes to which I. chilensis is

phylogenetically related, use bats, birds and carnivo-

rous mammals as principal hosts (Guglielmone et al.,

2014; Hornok et al., 2014; Guo et al., 2017). To date,

the only known host for both female and nymphs of I.

chilensis is the bat H. magellanicus. The findings of

Ixodes ticks on bats in the Neotropical region are

scarce. Kohls (1957) has reported larvae of Ixodes

downsi Kohls, 1957 on Anoura geoffroyi Gray in

Trinidad & Tobago, and Jones et al. (1972) have

recorded larvae of Ixodes sp. on Desmodus rotundus

(E. Geoffroy) and Sturnira lilium (E. Geoffroy) in

Venezuela. Also, Webb & Loomis (1977) mentioned

the finding Ixodes sp. in S. lilium, Sturnira ludovici

Anthony and Artibeus jamaicensis Leach in Vene-

zuela with no details of tick stage and locality.

However, it is important to consider that H. magel-

lanicus uses tree cavities as roosting sites, where

different bird species also nest (Altamirano et al.,

2017); for that reason future records of I. chilensis on

birds should be expected.
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