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We report on the presence of the ixodid tick Amblyomma helvolum on three species of reptiles from Timor-Leste.
Among a total of 21 host specimens (lizards: 18 four-fingered skinks, Carlia sp. ‘Meleotegi’ and two forest skinks,
Sphenomorphus sp. ‘Meleotegi’; snake: one Coelognathus subradiatus) four were parasitized by ticks. Whereas
nymphs were associated with the lizards, an adult male was retrieved from the snake. This report is the first of
A. helvolum for Timor-Leste, the first for the skink genera Carlia and Sphenomorphus, and the first for
C. subradiatus. We present a comprehensive table with updated taxonomy of known associations between

A. helvolum and other vertebrates.

1. Introduction

Timor-Leste, Asia’s newest country, is positioned at the south-central
extreme of the Indonesian Archipelago, where it occupies the eastern
half of Timor Island (Fig. 1). Timor-Leste’s territory is composed of four
landmasses, including the eastern half of the island, where 12 of the
country’s 13 municipalities lie, the Oecusse exclave surrounded by
Indonesian West Timor, the corallogenic Jaco Island at its eastern end,
all within the Outer Banda Arc, and Atatro Island, the only portion of
Timor-Leste that lies in the Inner Banda Arc. The country’s position at
the southeastern extreme of the biogeographic province known as
Wallacea places it at the crossroads of four interesting landmasses:
Southeast Asia and the islands of the Sunda Shelf to the west, Australia
to the south, Sahul Shelf islands and Melanesia to the east, and Sulawesi
to the north, all of which appear to have some influence on the terrestrial
fauna, including reptiles (Monk et al., 1997; O’Shea et al., 2015). An
evaluation of parasite groups is therefore an important piece to the
biogeographic puzzle that is the fauna of Timor.

During ten herpetofaunal surveys (Kaiser et al., 2011; O’Shea et al.,

2012; Sanchez et al., 2012; Kaiser et al., 2013) HK and MOS and the
members of the Tropical Research Initiative collected a variety of reptile
species, some of which harbored ectoparasites, including ticks. In the
following paragraphs, we detail the ixodid fauna recovered, report the
first country record of Amblyomma helvolum Koch, 1844, and add some
new host records for this species.

2. Materials and methods
2.1. Host survey

Lizard hosts were collected at two sites in close proximity to each
other (Fig. 1) and covering an elevational range of 1150-1250 m. The first
site is the Sta. Bakhita Mission in Eratilo, Ermera Municipality (8.7811°S,
125.4438°E), where two species of four-fingered skinks (genus Carlia) are
sympatric (16S rRNA, CO1 mtDNA; Kaiser et al., unpubl. data). Two of the
host specimens (USNM 579745, 581104), adult males collected on 5
February 2012 and 29 June 2013, respectively, are part of a north coast
Timor population of Carlia that reaches its highest elevations in central
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Fig. 1. Map of Timor-Leste with labelled localities where tick specimens were collected from three reptile species. The red dot indicates the collection site of four-fingered skinks (Carlia sp. “Meleotegi”) at the Santa
Bakhita Mission, the yellow dot is the Meleotegi River collection site of Carlia sp. “Meleotegi” and forest skinks (Sphenomorphus sp. “Meleotegi™), and the pink dot is the locality where a freshly killed Lesser Sunda Racer
(Coelognathus subradiatus) was found dead on the road. The white rectangle in the inset globe shows the position of Map A. Map A shows the Lesser Sunda Islands with two island arcs, Inner and Outer Banda Arc. The
scale bar in the main map represents a distance of 100 km. Beneath the maps, habitats of the collected reptiles are illustrated with frame colors corresponding to the colors of the locality dots. Photos by Mark O’Shea.
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Ermera Municipality. This is an undescribed species, hereafter referred to
as Carlia sp. ‘Meleotegi’ (Fig. 2A). The first specimen was collected in the
grounds of the mission among garden plants, whereas the second was
caught along the Meleotegi River (8.7806°S, 125.4543°E), a rocky
riverbed lined on both banks by agricultural plots, including coffee
plantations. The second host, a member of an undescribed species of
forest skink, genus Sphenomorphus (USNM 579765; Fig. 3A), was collected
in the coffee forest on the western bank of the Meleotegi River on 5
February 2012. This specimen belongs to a high-elevation population
apparently endemic to Ermera Municipality. It is not conspecific with
S. melanopogon, a south coast low-elevation species (Shea, 2012; Justin
Bernstein, pers. comm.), and this population is referred to hereafter as
Sphenomorphus sp. ‘Meleotegi.” The snake host (USNM 580544; Fig. 4A) is
a freshly killed specimen of the Lesser Sunda Racer (Coelognathus sub-
radiatus), found dead on a major north-south road near Laclubar, Man-
atuto Municipality (8.7765°S, 125.9653°E, elevation 870 m; Fig. 1) on 2
July 2012. Lizards were euthanized by injection with 5% procaine
(Livezey, 1958) following standard animal care protocols (e.g., ASIH,
2004), fixed in 10% formalin, and stored in 70% ethanol. Animals were
collected under the auspices of the Smithsonian Institution, Washington,
D.C., U.S.A. with export permission from the Departemento Areas Pro-
tegidas e Parque Nacional, Direccao Nacional de Floresta, Secretario do
Estado de Floresta no Konservasaun Natureza, Ministerio Agricultura e
Pescas, Timor-Leste (permit nos. 26/DAPPN-DNF-MAP/1/2012,
22/DAPPN-DNF-MAP/VI/2012, 29/DAPPN-DNF-MAP/VI/2013) and
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import permission from the United States Fish and Wildlife Service
(Forms 3-177, clearance nos. 2012SF1125818, 2012HN1197038,
2013SF1361984).

2.2. Photography

The live skinks and snake were photographed on sets built in a
portable 19 cm x 90 cm x 90 cm Lastolite Cubelite photography dome
using Canon EOS 7D camera bodies in combination with either a Canon
EF-S 60 mm 2.8 USM macro lens or a Canon EF 100 mm f2.8L IS USM
macro lens. Illumination was provided by Canon Macro Twin Lite MT-
24EX flash units. The ticks were photographed in situ and ex situ
using the same camera body with a Canon MP-E 64 mm f2.8 1-5x macro
lens and a Canon Macro Twin Lite MT-24EX flash unit. This lens was
pushed to 10x life size by the addition of a Canon EF 2x Extender. Fig-
ures were prepared on a Mac Pro computer running OS 10.12 Sierra and
Adobe Photoshop CC 2014. Parasite images were cut out and placed on a
black background using a Wacom Cintiq 13-inch HD Touch connected to
an iMac Pro computer running OS 11.5 Big Sur and Adobe Photoshop
2021. The Timor-Leste map was adapted from a Shutterstock Schwa-
benblitz 3D rendering, the world globe was prepared using Mountain
High relief maps (http://www.mountainhighmap.com).

Fig. 2. An undescribed species of four-fingered skink, genus Carlia, from Timor-Leste and associated ticks. (A) An adult male Carlia sp. ‘Meleotegi’ with bright
coloration indicating breeding readiness. (B) Engorged nymph of Amblyomma helvolum in a near-axillary position. (C) Another engorged nymph, showing the tick’s
capitulum deeply embedded in between two ventral scales. (D) Two A. helvolum nymphs after detachment from their host in dorsal (right) and ventral (left) views.

Photos by Mark O’Shea.
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Fig. 3. An undescribed species of forest skink, genus Sphenomorphus, from Timor-Leste and an associated tick. (A) An adult Sphenomorphus sp. ‘Meleotegi’ of un-
determined sex showing the characteristic lateral striping of the species. (B) Engorged nymph of Amblyomma helvolum in an axillary position. Photos by Mark O’Shea.

Fig. 4. (A) A dead Coelognathus subradiatus photographed in situ on one of the main north-south roads in Timor-Leste. It is noteworthy that this snake was not run
over by a vehicle, it was instead noosed, beaten to death, and thrown into the road by a local resident. (B) An adult C. subradiatus (USNM 579240) from Timor-Leste
in life. (C) Adult male Amblyomma helvolum photographed in situ while attached to the snake in (A). (D) Dorsal and ventral views in life of an adult male A. helvolum
after detachment from the snake. The dorsal view (left) shows the dorsal colour and pore pattern on the strongly demarcated shield of this species. The ventral view of
the same individual (right) shows anus, anal groove, genital aperture, and the laterally positioned spiracular plates. Photos by Mark O’Shea.

2.3. Tick identification with forceps and preserved in 70% ethanol. The collected ticks were sent
to the Department of Preventive Veterinary Medicine and Animal Health

Each host specimen was examined for the presence of ectoparasites (VPS) of the School of Veterinary Medicine and Animal Science (FMVZ)
immediately after euthanasia. Ticks were removed from host bodies at the University of Sao Paulo (USP), Sao Paulo, Brazil. For taxonomic
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Table 1

Ticks and Tick-borne Diseases 14 (2023) 102060

Lizard and snake hosts of Amblyomma helvolum from Timor-Leste in the Lesser Sunda Archipelago. Column abbreviations include the number of examined hosts (1),
the number of infested hosts (n;), the number of collected ticks (n.), and the site of collection (Sta. Bakhita Mission, BM; Meleotegi River, MR; and Laclubar, LB).

Host Species ne n; Amblyomma helvolum Site
Stage n,
Lizards
Carlia sp. ‘Meleotegi 16 2 Nymphs BM, MR
Sphenomorphus sp. ‘Meleotegi’ 11 1 Nymph 1 MR
Snakes
Coelognathus subradiatus 8 1 Adult male 1 LB
Total 35 4

identification we used the reports of Anastos (1950), Robinson (1926),
and Voltzit and Keirans (2002). Tick voucher specimens were deposited
in the tick collection “Colecao Nacional de Carrapatos Danilo Gongalves
Saraiva” (CNC) of the FMVZ-USP, under accession numbers CNC
4205-4207.

2.4. Bibliographic review

A bibliographic search was conducted using Google Scholar to up-
date the list of Simmons et al. (2002) of A. helvolum hosts. The search
terms used were: “Amblyomma helvolum”, “amphibians”, “reptiles”,
“lizards”, “snakes”, “turtles”, “birds”, and “mammals”. Old references
cited by publications recovered by the primary bibliographic search
were located using Biodiversity Heritage Library (https://www.biodi
versitylibrary.org/), BioStor-Lite (http://biostor.org/), and Internet
Archives (https://archive.org/). Scientific names of hosts were updated
to current nomenclature following Uetz et al. (2021) (http://www.rept
ile-database.org/) for lizards and snakes, and GBIF.org (2020) | Global
Biodiversity Information Facility (https://www.gbif.org/) for birds and
mammals.

3. Results

During the surveys that are the subject of this study, 16 specimens of
Carlia sp. ‘Meleotegi,” eleven of Sphenomorphus sp. ‘Meleotegi,” and eight
of C. subradiatus were collected, totaling 35 host specimens. Of these,
four host specimens (two Carlia, one Sphenomorphus, one Coelognathus)
had ticks. A total of five ticks were retrieved from the hosts. Based on
morphological characteristics described in the literature, the ticks were
identified as four nymphs (Fig. 2D) and one adult male (Fig. 4C, D) of
A. helvolum. Nymphs were recorded from Carlia sp. ‘Meleotegi,” and
Sphenomorphus sp. ‘Meleotegi,” and the adult male from C. subradiatus
(Table 1).

The adult A. helvolum male was identified by the following charac-
teristics: scutum with eyes, without marginal groove, ornate, with
yellowish patches that include large punctations in the scapular, mar-
ginal, and central areas; Coxa I with two spurs, the external twice as long
as the internal, Coxae II-III with one triangular spur; basis capitulum
rectangular, with small rounded cornua. The nymphs were character-
ized as follows: scutum with eyes and few small punctations; Coxa I with
two spurs, the external longer, the internal small and situated anteriorly,
coxae II-III with one triangular spur; basis capitulum triangular, without
cornua.

The position of ticks on the bodies of their lizard hosts varied slightly.
In Carlia sp. ‘Meleotegi,” nymphs were attached in an axillary position
on either the forelimb or the hind limb (Fig. 2B), but also on the exposed
surfaces of the belly (Fig. 2C). In Sphenomorphus sp. ‘Meleotegi,” an
engorged nymph was found in an axillary attachment position (Fig. 3B),
whereas in C. subradiatus the adult male was attached on the dorsal
surface (Fig. 4C).

Forty-four studies have reported parasitism records of A. helvolum in
nine countries. Most of the records are from Indonesia (30), the
Philippines (24), and Malaysia (23), followed by Thailand (16), India

(13), Singapore (4), China, Laos, and Vietnam (one record each).
Amblyomma helvolum was reported on 41 reptile species (15 lizards, 27
snakes, and one turtle), one bird species, and eight mammal species.
Amongst the reptiles, varanids and colubrids were the most affected,
accounting for 60% and 63% of the parasitism records reported in
lizards and snakes, respectively (Table 2).

4. Discussion

Amblyomma helvolum is native to the Australasian and Oriental
biogeographic realms, where it has been reported from China, India,
Indonesia, Laos, Malaysia, the Philippines, and Vietnam (Auffenberg,
1988; Kolonin, 1995; Petney and Keirans, 1995; Ghosh et al., 2007;
Chen et al., 2010; Chao et al., 2013). Australia and Papua New Guinea
were included in the geographic distribution of A. helvolum by Burridge
(2011), but its presence there has not been confirmed with voucher
specimens (Guglielmone and Robbins, 2018).

The records of A. helvolum on two snakes in West Bengal, India, by
Ghosh et al. (2018) are erroneous because of morphological
discrepancies between those specimens and A. helvolum. Ghosh et al.
(2018) described and illustrated the ticks retrieved from the two snakes
as without eyes and Coxa I with internal and external spurs almost equal
in size (eyes present, Coxa I with external spur about twice as long as the
internal spur in A. helvolum; Anastos, 1950; Robinson, 1926; Voltzit and
Keirans, 2002). We therefore follow Guglielmone et al. (2015) and
consider the records of A. helvolum by Ghosh et al. (2017, 2021) as
unconfirmed, since it seems that the authors of those reports used the
same characteristics as adopted by Ghosh et al. (2018), and they are
most likely of a type of tick that is not conspecific with A. helvolum. The
remaining records of A. helvolum from West Bengal (India) are all from
captive hosts (Table 2), and the presence of natural populations of this
tick species in West Bengal remains to be confirmed.

There are three records of the introduction of A. helvolum into the
United States through imported snakes from Thailand and Indonesia
(USDA, 1971; Clark and Doten, 1995; Simmons et al., 2002; Keirans and
Durden, 2001; Burridge and Simmons, 2003), but there is no evidence
that this tick has become established there (Guglielmone et al., 2014).
The tick fauna of Timor-Leste was inventoried for the first time during a
parasitological survey in 1973, but A. helvolum was not found (Dias,
1988). Our finding, therefore, is the first record of A. helvolum for
Timor-Leste.

Records of A. helvolum parasitizing squamates include species of the
lizard families Agamidae, Scincidae, and Varanidae, and species of the
snake families Boidae, Colubridae, Elapidae, Natricidae, and Pythoni-
dae. Among these, there are no reports to date of A. helvolum parasitizing
species of the lizard genera Carlia and Sphenomorphus, nor on the snake
C. subradiatus. Parasitism of A. helvolum on the scincid lizards Carlia sp.
‘Meleotegi’ and Sphenomorphus sp. ‘Meleotegi’, and the colubrid snake
C. subradiatus are new interactions for this tick species. The herpeto-
fauna of Timor-Leste comprises at least seven species of anurans, 42
species of lizards, 17 species of snakes, two species of turtles, and one
species of crocodile (O’Shea et al., 2011, 2015). The three reptile species
parasitized by A. helvolum correspond to an unexpectedly low frequency
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Table 2

Checklist of the reptile hosts of Amblyomma helvolum. Columns include the host species, the name of the tick given in the source publication (when a current synonym of
A. helvolum was used), the life stage reported (adult with unspecified sex, A; adult male, M; adult female, F; nymphs, N; larvae, L; no information, x), the country of
record, and the source publication. Country abbreviations include China (CHN), Indonesia (IDN), India (IND), Laos (LAO), Malaysia (MYS), the Philippines (PHL),
Singapore (SGP), Taiwan (TWN), Thailand (THA), Timor-Leste (TLS), and Vietnam (VNM). Species names with an asterisk (*) are those species listed as hosts of

A. helvolum by Simmons et al. (2002).

Host Name Stage Location (Country) Source
Lizarps
Agamidae
*Gonocephalus sophiae (Gray, 1845) A Camarines Sur Province, Luzon (PHL) Auffenberg (1988)
*Hydrosaurus pustulatus (Eschscholtz, 1829) F,M Davao Province, Mindanao (PHL) Kohls (1950)
Scincidae
Carlia sp. ‘Meleotegi’ N Ermera Municipality (TLS) This study
*Dasia grisea (Gray, 1845) N Camarines Sur Province, Luzon (PHL) Auffenberg (1988)
*Eutropis multifasciata (Kuhl, 1820) X Simeulue Island, Sumatra (IDN) Warburton (1926)
FM Java (IDN) Krijgsman and Ponto (1931)
FN Culion Island, Palawan Province (PHL) Kohls (1950)
F,N Jarak Island, Sembilan Islands, Perak Audy et al. (1960)
(MYS)
F,N,L Rumbia Island, Sembilan Islands, Perak Audy et al. (1960)
(MYS)
N,L Lalang Island, Sembilan Islands, Perak Audy et al. (1960)
(MYS)
N Camarines Sur Province, Luzon (PHL) Auffenberg (1988)
X Krau Wildlife Reserve, Pahang (MYS) Kho et al. (2019)
*Otosaurus cumingii Gray, 1845 AN Camarines Sur Province, Luzon (PHL) Auffenberg (1988)
*Sphenomorphus sp. ‘Meleotegi’ N Ermera Municipality (TLS) This study
*Tropidophorus grayi Giinther, 1861 A Camarines Sur Province, Luzon (PHL) Auffenberg (1988)
Varanidae
*Varanus bengalensis (Daudin, 1802) F Songkhla Province (THA) Sharif (1928)
A unknown locality (THA) Tanksul et al. (1983)
FM Srisaket Province (THA) Kaenkan et al. (2020)
*Varanus dumerilii Schlegel, 1839 F,M,N unknown locality (MYS) Audy et al. (1960)
*Varanus griseus (Daudin, 1803) X no locality provided King and Green (1999)
*Varanus komodoensis Ouwens, 1912 F,M Komodo and Flores (IDN) Schulze (1933)

Varanus mabitang Gaulke & Curio, 2001

Varanus marmoratus (Wiegmann, 1834) Amblyomma decoratum

Varanus nuchalis (Giinther, 1872)
*Varanus olivaceus Hallowell, 1857

Varanus palawanensis Koch et al., 2010
*Varanus rudicollis (Gray, 1845)
*Varanus salvator (Laurenti, 1768)

Varanus salvator macromaculatus
Deraniyagala, 1944

Amblyomma furcosum

X 22T X T X XX
=) vg
z

Komodo (IDN)

Panay (PHL)

Manila, Luzon (PHL)

Camarines Sur Province, Luzon (PHL)
Luzon (PHL)

Negros Occidental Province (PHL)
Camarines Sur Province, Luzon (PHL)
Luzon (PHL)

Palawan Province (PHL)

unknown locality (MYS)

unknown locality (SGP)

unknown locality (SGP)

Sumatra (IDN)

Pianka et al. (2004)

Pianka et al. (2004)

Neumann (1910)

Auffenberg (1988) [as V. salvator]
Parrish (1971) [as Varanus sp.]
Keirans (1984) [as Varanus sp.]
Auffenberg (1988)

Pianka et al. (2004)

Kohls (1950) [as V. salvator]
Audy et al. (1960)

Robinson (1926)

Kohls (1957)

Neumann (1910)

Amblyomma quadrimaculatum F,M Sumatra (IDN) Schulze (1933)
A. decoratum F,M Sumatra (IDN) Neumann (1911)
F Simeulue Island, Sumatra (IDN) Warburton (1926)
X Tioman Island, Pahang (MYS) Kwak (2020)
F Pichit Province (THA) Doornbos et al. (2013)
X Sabah (MYS) Guerrero Sanchez (2019)
F,M Narathiwat and Pattani Provinces (THA) Kaenkan et al. (2020)
A. decoratum M Nicobar Islands (IND) Warburton (1910) [as V. salvator]
M Nicobar Islands (IND) Robinson (1926) [as V. salvator]
Varanus salvator bivittatus (Kuhl, 1820) F.M Java (IDN) Krijgsman and Ponto (1931)
A. quadrimaculatum M Java (IDN) Schulze (1933)
F,M Rumbia Island, Perak (MYS) Audy et al. (1960)
FM Java (IDN) Keirans (1984)
Varanus sp. ‘Tanimbar’ Amblyomma (Aponomma) M Tanimbar Islands (IDN) Hirst and Hirst (1910)
tenimberense
Varanus sp. M Sakijang Bendera Island (SGP) Robinson (1926), Keirans (1984)
F.M Java (IDN) Anastos (1950)
A unknown locality (THA) Tanskul et al. (1983)
F,M West Bengal (IND) Sanyal and De (1992)¢
F unknown locality (LAO) Petney et al. (1995)
SNAKES
Colubridae
*Boiga dendrophila (Boie, 1827) A. quadrimaculatum M Java (IDN) Neumann (1899)
F,M Berhala Island, Sumatra (IDN) Oudemans (1928)
A. quadrimaculatum M Berhala Island, Sumatra (IDN) Schulze (1933)
F Sabah (MYS) Mao et al. (2019)

(continued on next page)
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Table 2 (continued)
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Host Name Stage Location (Country) Source
*Coelognathus flavolineatus (Schlegel, 1837) F,M,N unknown locality (MYS) Audy et al. (1960)
*Coelognathus radiatus (Boie, 1827) F Songkhla Province (THA) Sharif (1928)
A unknown locality (THA) Tanskul et al. (1983)
Coelognathus subradiatus (Schlegel, 1837) M Manatuto Municipality (TLS) This study
Dendrelaphis pictus (Gmelin, 1789) F Songkhla Province (THA) Keirans (1984)
Elaphe carinata (Giinther, 1864) F Kaohsiung City (TWN) Chao et al. (2013)
Gonyosoma oxycephalum (Boie, 1827) F Java (IDN) Robinson (1926)?, Keirans (1984)
Lycodon capucinus (Boie, 1827) F Cagayan Province, Luzon (PHL) Tabug and Necesito (2021)
Ptyas carinata (Giinther, 1858) F.M Mahasarakham and Kalasin Provinces Kaenkan et al. (2020)
(THA)
*Ptyas dipsas (Schlegel, 1837) M Sulawesi (IDN) Lazell et al. (1991)
*Ptyas fusca (Giinther, 1858) F,N,L unknown locality (MYS) Audy et al. (1960)
*Ptyas korros (Schlegel, 1837) F Kuala Lumpur, Federal State (MYS) Robinson (1926), Keirans (1984)
FM Java (IDN) Robinson (1926), Keirans (1984)
FM Mindanao (PHL) Nakatsuji (1937)
F Java (IDN) Anastos (1950)
X unknown locality (“Southeast Asia™) Dias (1958)
F Nam Phong District, Khon Kaen Province Sumrandee et al. (2014a, 2014b,
(THA) 2015)
*Ptyas mucosa (Linnaeus, 1758) A. decoratum F,M Sumatra (IDN) Neumann (1911)
Amblyomma feuerborni F.M Klakah, Java (IDN) Schulze (1933)
F,M,N unknown locality (TWN) Chao et al. (2013)
Elapidae
*Naja naja (Linnaeus, 1758) M Selangor (MYS) Kohls (1957)
F unknown locality (MYS) Audy et al. (1960)
F,M West Bengal (IND) Sanyal and De (1992)°
Naja sumatrana Miiller, 1887 F Sumatra (IDN) Anastos (1950)
M Selangor (MYS) Kohls (1957) [as N. naja]
X Johor (MYS) Kho et al. (2015)
*Ophiophagus hannah (Cantor, 1836) X Babi Island, Riau Archipelago (IDN) Warburton (1926)
Natricidae
Fowlea flavipunctatus (Hallowell, 1860) F,M Srisaket Province (THA) Kaenkan et al. (2020)
Fowlea piscator (Schneider, 1799) F Phichit Province (THA) Sumrandee et al. (2014a, 2014b)
*Rhabdophis flaviceps (Duméril et al., 1854) N unknown locality (MYS) Audy et al. (1960)
*Xenochrophis trianguligerus (Boie, 1827) F unknown locality (MYS) Audy et al. (1960)
Pythonidae
*Malayopython reticulatus (Schneider, 1801)"  A. furcosum F Java (IDN) Neumann (1901)
A. quadrimaculatum F,M Java (IDN) Neumann (1901)
A. feuerborni M Java (IDN) Schulze (1933)
X unknown locality (PHL) Nakatsuji (1937)
F,M,N Davao Province, Mindanao (PHL) Kohls (1950)
F,M,N, unknown locality (MYS) Audy et al. (1960)
L
F Pa Nin (VNM) Hoogstraal et al. (1968)
A unknown locality (THA) Tanskul et al. (1983)
X Lorong Halus, Singapore island (SGP) Kim (2020)
Python bivittatus Kuhl, 1820 F Nakhon Nayok Province (THA) Sumrandee et al. (2014a, 2014b,
2015)
Python sp. A Selangor (MYS) Kho et al. (2015) [as P. molorus]
Pythonidae incertae sedis X Sarawak (MYS) Robinson (1926), Keirans (1984)
A unknown locality (THA) Tanskul et al. (1983)
TURTLES
Geoemydidae
*Heosemys grandis (Gray, 1860) A. decoratum M West Bengal (IND) Warburton (1910)¢, Robinson
(1926)¢
X West Bengal (IND) Sanyal and De (1992)¢
Birps
Pittidae
Erythropitta erythrogaster (Temminck, 1823) X Luzon (PHL) Parrish (1971)
MamMMALS
Bovidae
Bubalus bubalis (Linnaeus, 1758) F Sulawesi (IDN) Durden et al. (2008)
Cervidae
Rusa marianna (Desmarest, 1822) X Luzon (PHL) Parrish (1971)
Muridae
Chrotomys whiteheadi Thomas, 1895 X Luzon (PHL) Parrish (1971)
Leopoldamys sabanus (Thomas, 1887) L Tioman Island, Pahang (MYS) Nadchatram et al. (1966)°
Rattus everetti Giinther, 1879 X Luzon (PHL) Parrish (1971)
Rattus rattus mindanensis Mearns, 1905 X Luzon (PHL) Parrish (1971)
Rattus tiomanicus (Miller, 1900) L Tioman Island, Pahang (MYS) Nadchatram et al. (1966)°
Suidae
Sus scrofa Linnaeus, 1758 M Sulawesi (IDN) Durden et al. (2008)

2 Listed as Coluber onicephalus.

b Guglielmone et al. (2018) stated that the diagnoses of larvae of A. helvolum on Muridae require confirmation.
¢ Host-parasite association in captive habitats.
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(< 6%) of reptile species known to inhabit Timor, demonstrating that
further studies are needed to better characterize the tick fauna and its
incidence on amphibians and reptiles in this country.

Reptilian hosts of the tick A. helvolum were most recently reviewed
by Simmons et al. (2002), who listed 26 species (13 lizards, 12 snakes,
and one turtle), but not always employing the correct taxonomic allo-
cation of host species. In that study, 21 reptile species were identified as
additional records (Simmons et al., 2002). Our new host records and
additional records increase the number of reptile species known as hosts
of A. helvolum to 42 (Table 2). Water monitors (Varanus salvator) and
reticulated pythons (Malayopython reticulatus) are the most common
reptilian hosts of A. helvolum in Asia (Auffenberg, 1988; King and Green,
1999; Simmons et al., 2002). The records of A. helvolum from the liter-
ature for the scincid lizard Eutropis multifasciata, the genus Varanus, the
colubrid snake Lycodon capucinus, and the python Malayopython
reticulatus suggest that these species may also be hosts for A. helvolum in
Timor-Leste, but their potential association there requires confirmation.

CRediT authorship contribution statement

Fabricio H. Oda: Conceptualization, Methodology, Writing — orig-
inal draft, Writing — review & editing. Thiago F. Martins: Conceptual-
ization, Methodology, Data curation, Writing — original draft, Writing —
review & editing. Marcelo B. Labruna: Methodology, Data curation,
Writing — original draft, Writing — review & editing. Mark O’Shea:
Conceptualization, Methodology, Investigation, Writing — original draft,
Writing — review & editing, Supervision. Hinrich Kaiser: Conceptuali-
zation, Methodology, Investigation, Writing — original draft, Writing —
review & editing, Supervision, Project administration, Funding
acquisition.

Declaration of Competing Interest
The authors declare that there is no conflicts of interest.
Acknowledgments

For their assistance with fieldwork, we thank the students of the
Winter 2012, Summer 2012, and Summer 2013 surveys, Zach Brown,
Kevin Burns, Melissa Carrillo, Jester Ceballos, Britta Doring, Scott
Heacox, Stephanie Hughes, Andrew Kathriner, Eric Leatham, Aaren
Marsh, Gloria Morales, John Paris, Julia Pozo, Justin Rader, Claudia
Rivas, Caitlin Sanchez, Dan Suzio, David Taylor, Marianna Tucci,
Franziska Wagner, and MJ Weil. Our fieldwork gained significantly in
terms of biological productivity and cultural learning due to the hard
work of our young Timorese colleagues, Venancio Lopes Carvalho, Luis
Lemos de Araujo, Agivedo Varela Ribeiro, and Zito Afranio Soares. We
also thank our colleague Sven Mecke, who not only worked with us
during several phases of fieldwork but who became a full-fledged pro-
fessional as we were watching. We acknowledge the help of Alberto A.
Guglielmone for recommending several publications during our litera-
ture survey. Our studies in Timor-Leste were made possible only through
the interest and gracious support of three government leaders, President
and Nobel Peace Laureate José Ramos-Horta, former Prime Minister
Xanana Gusmao, and former Minister for the Council of Ministers Agio
Pereira. Their friendship to our cause has been appreciated very much.
We also wish to express our gratitude to Claudia Abate-Debat, former
special advisor in the Prime Minister’s Office, whose behind-the-scenes
activities on our behalf made our goals come to fruition. For issuing
collecting and export permits, we thank Manuel Mendes, Director of
National Parks. Our research in Timor-Leste supported financially by
student travel grants from the Associated Student Body at Victor Valley
College and the Victor Valley College Foundation. This paper is
Contribution No. 26 from the Tropical Research Initiative at Victor
Valley College. Fabricio H. Oda received a postdoctoral fellowship from
the Fundacao Cearense de Apoio ao Desenvolvimento Cientifico e

Ticks and Tick-borne Diseases 14 (2023) 102060

Tecnoldgico (Grant n. 6471073/2017). Thiago F. Martins is supported
by Fundacao de Amparo a Pesquisa do Estado de Sao Paulo (FAPESP
process n. 2019/03167-0, 2020/05987-1).

References

Anastos, G., 1950. The scutate ticks, or Ixodidae, of Indonesia. Entomol. Am. 30, 1-144.
ASIH [American Society of Ichthyologists and Herpetologists], 2004. Guidelines for the
Use of Live Amphibians and Reptiles in Field and Laboratory Research, Second

Edition. Animal Care Committee, ASIH, Athens, p. 43.

Audy, J.R., Nadchatram, M., Boo-Liat, L., 1960. Malaysian parasites XLIX. Host
distribution of Malayan ticks (Ixodoidea). Stud. Inst. Med. Res. Fed. Malaya 29,
225-246.

Auffenberg, T., 1988. Amblyomma helvolum (Acarina: Ixodidae) as a parasite of varanid
and scincid reptiles in the Philippines. Int. J. Parasitol. 18, 937-945.

Burridge, M.J., Simmons, L.A., 2003. Exotic ticks introduced into the United States on
imported reptiles from 1962 to 2001 and their potential roles in international
dissemination of diseases. Vet. Parasitol. 113, 289-320.

Burridge, M.J., 2011. Non-native and invasive ticks. Threats to human and animal health
in the United States. University of Florida Press, Gainesville.

Chao, L.-L., Hsieh, C.-K., Shih, C.-M., 2013. First report of Amblyomma helvolum (Acari:
Ixodidae) from the Taiwan stink snake, Elaphe carinata (Reptilia: Colubridae),
collected in southern Taiwan. Ticks Tick-Borne Dis. 4, 246-250.

Clark, L.G., Doten, E.H., 1995. Ticks on imported reptiles into Miami International
Airport: November 1994 through January 1995. Proceedings for the Veterinary
Epidemiology and Economics Symposium. United States Department of Agriculture,
Fort Collins, pp. 1A17-1A25.

Chen, Z., Yang, X., Bu, F., Yang, X., Yang, X., Liu, J., 2010. Ticks (Acari: Ixodoidea:
Argasidae, Ixodidae) of China. Exp. Appl. Acarol. 51, 393-404.

Dias, J.A.T.S., 1988. A contribution towards the knowledge of ticks in the Timor Island.
Series: Zoologia 15, 89-96.

Doornbos, K., Sumrandee, C., Ruang-Areerate, T., Baimai, V., Trinachartvanit, W.,
Ahantarig, A., 2013. Rickettsia sp. closely related to Rickettsia raoultii (Rickettsiales:
Rickettsiaceae) in an Amblyomma helvolum (Acarina: Ixodidae) tick from a Varanus
salvator (Squamata: Varanidae) in Thailand. J. Med. Entomol. 50, 217-220.

Durden, L.A., Merker, S., Beati, L., 2008. The tick fauna of Sulawesi, Indonesia (Acari:
Ixodoidea: Argasidae and Ixodidae). Exp. Appl. Acarol. 45, 85-110.

GBIF.org, 2020. GBIF Home Page. https://www.gbif.org/ (accessed 25 July 2020).

Ghosh, H.S., Bansal, G.C., Gupta, S.C., Ray, D., Khan, M.Q., Irshad, H.,
Shahiduzzaman, M., Seitzer, U., Ahmed, J.S., 2007. Status of tick distribution in
Bangladesh, India and Pakistan. Parasitol. Res. 101 (2), 207-216 (Suppl.

Ghosh, H.S., Roy, S., Sanyal, A.K., Misra, K.K., 2017. Microscopic anatomy of the Haller’s
organ of snake ticks. Int. J. Acarol. 43, 1-9.

Ghosh, H.S., Sanyal, A.K., Misra, K.K., 2018. Studies on the surface ultrastructure of a
snake tick, Amblyomma helvolum (Acari: Ixodidae). J. Anim. Sci. Vet. Med. 3, 75-89.

Ghosh, H.S., Sanyal, A.K., Misra, K.K., 2021. Survey for snake-tick (Ixodida) association
in some districts of West Bengal. India. Persian J. Acarol. 10, 55-67.

Guerrero Sanchez, S., 2019. Ecology and Health of the Asian Water Monitor Lizard
(Varanus salvator) in the Fragmented Landscape of the Kinabatangan Floodplain,
Sabah, Malaysia. Cardiff University, Cardiff. PhD Thesis.

Guglielmone, A.A., Robbins, R.G., Apanaskevich, D.A., Petney, T.N., Estrada-Pena, A.,
Horak, 1.G., 2014. The hard ticks of the world: (Acari: Ixodida: Ixodidae). Springer,
Dordrecht, Heidelberg, New York, London.

Guglielmone, A.A., Sanchez, M.E., Franco, L.G., Nava, S., Rueda, L.M., Robbins, R.G.,
2015. Names of species of hard ticks. Instituto Nacional de Tecnologia Agropecuaria,
Rafaela, Argentina. http://rafaela.inta.gob.ar/nombresgarrapatas. /(accessed 26
March 2022).

Guglielmone, A.A., Robbins, R.G., 2018. Hard Ticks (Acari: Ixodida: Ixodidae)
Parasitizing Humans: A Global Overview. Springer, Dordrecht, Heidelberg, New
York, London.

Hirst, S., Hirst, L.F., 1910. XXXV. Descriptions of five new species of ticks (Ixodidae).
Ann. Mag. Nat. Hist. 6, 299-308.

Hoogstraal, H., Santana, F.J., Van Peenen, P.D., 1968. Ticks (Ixodoidea) of Mt. Sontra,
Danang, Republic of Vietham. Ann. Entomol. Soc. Am. 61, 722-729.

Kaenkan, W., Nooma, W., Chelong, I., Baimai, V., Trinachartvanit, W., Ahantarig, A.,
2020. Reptile-associated Borrelia spp. in Amblyomma ticks, Thailand. Ticks Tick-
Borne Dis. 11, 101315.

Kaiser, H., Carvalho, V.L., Ceballos, J., Freed, F., Heacox, S., Lester, B., Richards, S.J.,
Trainor, C.R., Sanchez, C., O’Shea, M., 2011. The herpetofauna of Timor-Leste: a first
report. ZooKeys 109, 19-86.

Kaiser, H., Sanchez, C., Heacox, S., Kathriner, A., Varela Ribeiro, A., Afranio Soares, Z.,
Lemos de Araujo, L., Mecke, S., O’Shea, M., 2013. First report on the herpetofauna of
Atatiro Island. Timor-Leste. Check List 9, 752-762.

Keirans, J.E., 1984. George Henry Falkiner Nuttall and the Nuttall Tick Catalogue. U. S.
Department of Agriculture Miscellaneous Publications, Washington.

Keirans, J.E., Durden, L.A., 2001. Invasion: exotic ticks (Acari: Argasidae, Ixodidae)
imported into the United States. A review and new records. J. Med. Entomol. 38,
850-861.

Kho, K.L., Koh, F.X., Tay, S.T., 2015. Molecular evidence of potential novel spotted fever
group rickettsiae, Anaplasma and Ehrlichia species in Amblyomma ticks parasitizing
wild snakes. Parasites Vectors 8, 112.

Kho, K.L., Tan, P.E., Tay, S.T., 2019. Diversity of rickettsiae in feeding and questing ticks
collected from a malaysian forest reserve area. J. Med. Entomol. 56, 547-552.


http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0001
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0002
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0002
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0002
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0003
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0003
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0003
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0004
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0004
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0005
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0005
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0005
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0006
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0006
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0007
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0007
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0007
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0008
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0008
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0008
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0008
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0009
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0009
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0010
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0010
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0011
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0011
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0011
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0011
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0012
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0012
https://www.gbif.org/
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0014
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0014
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0014
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0015
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0015
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0016
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0016
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0017
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0017
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0018
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0018
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0018
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0019
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0019
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0019
http://rafaela.inta.gob.ar/nombresgarrapatas
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0021
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0021
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0021
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0022
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0022
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0023
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0023
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0024
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0024
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0024
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0025
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0025
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0025
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0026
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0026
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0026
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0027
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0027
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0028
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0028
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0028
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0029
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0029
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0029
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0030
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0030

F.H. Oda et al.

Kim, N., 2020. A reticulated python infested with the tick, Amblyomma helvolum.
Singapore Biodivers. Rec. 2020, 68.

King, D., Green, B., 1999. Monitors: The Biology of Varanid Lizards. Krieger Publishing
Company, Malabar, Florida, USA.

Kohls, G.M., 1950. Ticks (Ixodoidea) of the Philippines. Nat. Inst. Health Bull. 192, 28.

Kohls, G.M., 1957. Malaysian parasites. XVIIL. Ticks (Ixodoidea) of Borneo and Malaya.
Stud. Inst. Med. Res. Malaya 28, 65-94.

Kolonin, G.V., 1995. Review of the ixodid tick fauna (Acari: Ixodidae) of Vietnam.

J. Med. Entomol. 32, 276-282.

Krijgsman, B.J., Ponto, S.A.S., 1931. Die Verbreitung der Zecken in Niederlandisch-
Ostindien. Ztschr. Parasitenk. 4, 140-146.

Kwak, M.L., 2020. A checklist and key to the tick fauna (Acari: Ixodidae, Argasidae) of
Pulau Tioman. Malaysia. Exp. Appl. Acarol. 81, 51-58.

Lazell, J.D., Keirans, J.E., Samuelson, G.A., 1991. The Sulawesi black racer, Coluber
(Ptyas) dipsas, and a remarkable ectoparasite aggregation. Pac. Sci. 45, 355-361.

Livezey, R.L., 1958. Procaine hydrochloride as a killing agent for reptiles and
amphibians. Herpetologica 13, 280.

Mao, J.-J., Norval, G., Robbins, R.G., Wong, S.T., 2019. An instance of Boiga dendrophila
dendrophila (Boie, 1827) (Reptilia: Colubridae) being parasitized by Amblyomma
helvolum Koch, 1844 (Acari: Ixodidae), with comments about the attachment sites of
this tick species. Acarologia 59, 115-119.

Monk, K.A., de Fretes, Y., Reksodiharjo-Lilley, G., 1997. The Ecology of Nusa Tenggara
and Maluku. The Ecology of Indonesia Series, Volume V. Periplus Editions,
Singapore.

Nadchatram, M., Domrow, R., Ng, C.K., 1966. Parasitic Acarina of the mammals. Bull.
Natl. Mus. State Singapore 34, 129-140.

Nakatsuji, K., 1937. On the tick parasited on the lizard and snake from Philippine Is. [sic]
Acta Arachnol. 2, 65-67.

Neumann, L.G., 1899. Révision de la famille des ixodidés (3 mémoire). Mém. Soc. Zool.
Fr., Paris 12, 107-294.

Neumann, L.G., 1901. Révision de la famille des ixodidés (4° mémoire). Mém. Soc. Zool.
Fr., Paris 14, 249-372.

Neumann, L.G., 1910. Sur quelques especes d’Ixodidae nouvelles ou insuffisamment
connues. Annal. Sci. Nat. Zool. Sér. 9, 161-176.

Neumann, L.G., 1911. Ixodidae. Das Tierreich 26, 1-169.

O’Shea, M., Sanchez, C., Heacox, S., Kathriner, A., Lopes Carvalho, V., Varela Ribeiro, A.,
Afranio Soares, Z., Lemos de Araujo, L., Kaiser, H., 2012. First update to
herpetofaunal records from Timor-Leste. Asian Herpetol. Res. 3, 114-126.

O’Shea, M., Sanchez, C., Kathriner, A., Mecke, S., Lopes Carvalho, V., Varela Ribeiro, A.,
Afranio Soares, Z., Lemos de Araujo, L., Kaiser, K., 2015. Herpetological diversity of
Timor-Leste: updates and a review of species distributions. Asian Herpetol. Res. 6,
73-131.

Oudemans, A.C., 1928. Acarologische Aanteekeningen XCI. Entomol. Ber. VII 317-328.

Parrish, D.W., 1971. The Occurrence, Geographical Distribution and Wild Vertebrate
Host Relationships of Ticks (Ixodidae) on Luzon Island, Philippines, with
Descriptions of Three New Species. Oklahoma State University, Stillwater. Ph.D.
dissertation.

Ticks and Tick-borne Diseases 14 (2023) 102060

Petney, T.N., Keirans, J.E., 1995. Ticks of the genera Amblyomma and Hyalomma (Acari:
Ixodidae) in South-east Asia. Trop. Biomed. 12, 45-56.

Pianka, E.R., King, D.R., King, R.A., 2004. Varanoid Lizards of the World. Indiana Univ.
Press, Bloomington, Indiana, USA xiii + 588 pp.

Robinson, L.E., 1926. Ticks. A monograph of the Ixodoidea. Part IV. The genus
Amblyomma. Cambridge University Press, Cambridge.

Sanchez, C., Lopes Carvalho, V., Kathriner, A., O’Shea, M., Kaiser, H., 2012. First report
on the herpetofauna of the Oecusse District, an exclave of Timor-Leste. Herpetol.
Notes 5, 137-149.

Sanyal, A.K., De, S.K., 1992. Ixodid ticks (Acari: Ixodidae), in: Ghosh, A.K. (Ed.), State
Fauna Series 3: Fauna of West Bengal, Part - 3 (Arachnida and Acari). Zoological
Survey of India, Calcutta, pp.17-60.

Schulze, P., 1933. Ixodidae der deutschen limnologischen Sunda-Expedition. Archiv
Hydrobiol. Suppl. Bd. XII, “Tropische Binnengewasser, Band IV” 490-503.

Shea, G.M., 2012. On the identity of the type species of Sphenomorphus (Squamata:
Scincidae): Lygosoma melanopogon Duméril and Bibron 1839, with a note on a new
scalation character of the pes in Sphenomorphus. Zootaxa 3490, 1-29.

Sharif, M., 1928. A revision of the Indian Ixodidae with special reference to the collection
in the Indian Museum. Rec. Indian Mus. 30, 217-344.

Simmons, L.-A., Stadler, C.K., Burridge, M.J., 2002. Introduction of the exotic tick
Amblyomma helvolum Koch (Acari: Ixodidae) into the United States on imported
cobras (Squamata: Elapidae). Int. J. Acarol. 28, 45-48.

Sumrandee, C., Baimai, V., Trinachartvanit, W., Ahantarig, A., 2015. Hepatozoon and
Theileria species detected in ticks collected from mammals and snakes in Thailand.
Ticks Tick-borne Dis 6, 309-315.

Sumrandee, C., Hirunkanokpun, S., Doornbos, K., Kitthawee, S., Baimai, V.,
Grubhoffer, L., Trinachartvanit, W., Ahantarig, A., 2014b. Molecular detection of
Rickettsia species in Amblyomma ticks collected from snakes in Thailand. Ticks Tick-
borne Dis 5, 632-640.

Sumrandee, C., Hirunkanokpun, S., Grubhoffer, L., Baimai, V., Trinachartvanit, W.,
Ahantarig, A., 2014a. Phylogenetic relationships of Francisella-like endosymbionts
detected in two species of Amblyomma from snakes in Thailand. Ticks Tick-borne Dis
5, 29-32.

Tabug, M.A., Necesito, L.V., 2021. Lycodon capucinus (Common Wolf Snake).
Ectoparasitism. Herp. Rev. 52, 426-427.

Tanskul, P., Stark, H.E., Inlao, 1., 1983. A checklist of ticks of Thailand (Acari:
Metastigmata: Ixodoidea). J. Med. Entomol. 20, 330-341.

Uetz, P., Freed, P, Aguilar, R., Hosek, J., 2021. The reptile database. http://www.rept
ile-database.org (accessed 21 November 2021).

USDA, 1971. National Tick Surveillance Program, Calendar Year 1970. Animal Health
Division, Agricultural Research Service. US Department of Agriculture, Hyattsville,
MD.

Voltzit, O.V., Keirans, J.E., 2002. A review of Asian Amblyomma species (Acari, Ixodida,
Ixodidae). Acarina 10, 95-136.

Warburton, C., 1910. On two collections of Indian ticks. Parasitology 3, 395-407.

Warburton, C., 1926. Fauna Simalurensis. Ixodidae. Treubia 8, 3-4.


http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0031
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0031
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0032
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0032
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0033
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0034
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0034
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0036
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0036
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0037
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0037
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0038
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0038
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0039
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0039
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0040
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0040
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0041
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0041
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0041
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0041
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0042
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0042
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0042
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0043
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0043
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0044
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0044
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0045
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0045
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0046
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0046
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0047
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0047
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0048
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0049
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0049
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0049
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0050
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0050
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0050
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0050
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0051
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0052
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0052
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0052
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0052
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0053
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0053
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0054
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0054
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0055
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0055
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0056
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0056
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0056
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0058
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0058
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0059
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0059
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0059
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0060
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0060
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0061
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0061
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0061
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0064
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0064
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0064
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0063
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0063
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0063
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0063
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0062
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0062
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0062
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0062
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0065
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0065
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0066
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0066
http://www.reptile-database.org
http://www.reptile-database.org
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0068
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0068
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0068
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0069
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0069
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0070
http://refhub.elsevier.com/S1877-959X(22)00162-5/sbref0071

	Ticks (Acari: Ixodidae) of three Timor-Leste reptiles: first country record of Amblyomma helvolum, with new interactions an ...
	1 Introduction
	2 Materials and methods
	2.1 Host survey
	2.2 Photography
	2.3 Tick identification
	2.4 Bibliographic review

	3 Results
	4 Discussion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	References


