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Abstract

Recent herpetofaunal investigations in Timor-Leste revealed populations similar to Hemidactylus brookii Gray, 1845 in 

four of 13 districts. In order to properly identify these populations, we examined their relationships to other H. brookii-

complex populations, notably those from nearby Roti Island, Indonesia (to which the name H. tenkatei van Lidth de Jeude, 

1895 has been applied) and topotypic Bornean samples. We evaluated both meristic and mensural data from a set of spec-

imens that included the type material of H. brookii and H. tenkatei, and we generated nuclear (RAG1) and mitochondrial 

(ND2) DNA sequence data for Timor-Leste specimens and a topotypical Bornean specimen presumed to represent H. 

brookii sensu stricto. Morphologically, Timorese geckos are clearly distinct from H. brookii and identical to H. tenkatei. 

Our molecular data show that the Bornean specimen thought to be H. brookii is genetically congruent with Timor-Leste 

specimens, and this specimen is therefore identified as H. tenkatei. Our data also reveal that the Burmese species H. sub-

triedroides Annandale, 1905 is distinct from both H. tenkatei and H. brookii. While the current data do not allow us to 

determine with certainty whether H. tenkatei is the oldest available name for these widespread forms, it is the only name 

that can be reliably applied at this time.
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Introduction

The genus Hemidactylus Oken, 1817 is one of the most species-rich clades of geckos with a trans-continental 
distribution (Kluge 1969). Currently represented by 127 species (Uetz 2014), these nocturnal geckos have adapted 
to a diverse array of habitat types including the tropics and subtropics of Africa, Asia, northern South America, the 
Caribbean, and Mediterranean Europe (Bauer et al. 2010b). Considering their adaptive plasticity, the majority of 
Hemidactylus species (approx. 94%) have relatively small distributions in Africa and Asia, while eight species, 
including H. brookii, H. frenatus Schlegel in Duméril and Bibron, 1836, H. garnotii Duméril and Bibron, 1836, H. 

mabouia Moreau de Jonnès, 1818, H. persicus Anderson, 1872, H. platyurus (Schneider, 1792), H. parvimaculatus 

Deraniyagala, 1953, and H. turcicus Linnaeus, 1758, are present in both the New and Old Worlds, having spread 
throughout these regions through the agency of humans (Carranza & Arnold 2006). Of these, H. brookii has one of 
the widest distributions and perhaps the most convoluted taxonomic history.

Herpetofaunal surveys in Timor-Leste, Asia’s newest country, revealed several brookii-like populations (Fig. 
1A) in four of the country’s 13 districts (Kaiser et al. 2011; O'Shea et al. 2012; Sanchez et al. 2012). These were 
preliminarily identified as H. cf. tenkatei by O'Shea et al. (2012) and Sanchez et al. (2012), given their apparent 
similarity to H. tenkatei van Lidth de Jeude, 1895, a name coined to identify brookii-complex geckos from the 
nearby island of Roti. This name had fallen into disuse after being syonymized with H. brookii by de Rooij (1915), 
but two recent inquiries into the validity of H. tenkatei by Rösler and Glaw (2010) and Mahony (2011) led to the 
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FIGURE 1. Specimens of Hemidactylus tenkatei in life. (A) An adult female from Lautém District, Timor-Leste (USNM 

579443). Photograph by Mark O’Shea. (B) An adult male from Penang Island, Malaysia (LSUHC 6786), initially identified as 

H. brookii. Photograph by L. Lee Grismer. (C) An adult male from Sarawak, Borneo (ZRC 2.6167), initially identified as H. 

brookii. Photograph by Indraneil Das. Images were manipulated in order to show the geckos in similar aspect and similar size.
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resurrection of H. tenkatei from the synonymy of H. brookii. Rösler and Glaw (2010) considered H. tenkatei a 
morphologically distinct species, and Mahony (2011) placed H. subtriedroides Annandale, 1905 into its synonymy. 
However, during neither of these investigations did the authors examine the three syntypes of H. tenkatei 

(originally accessioned under the single lot number 4353 in the collection of the Rijksmuseum van Natuurlijke 
Historie, Leiden, The Netherlands). This omission, together with the uncertainty over the identity of populations in 
Timor-Leste, prompted us to conduct a detailed study of the situation using meristic and mensural characters, as 
well as a molecular approach.

The Hemidactylus brookii complex. Initially described by John Edward Gray in 1845 from specimens 
ostensibly collected in Borneo and Australia, H. brookii has been considered a species complex distributed across 
the globe (Carranza & Arnold 2006). Following Gray’s initial description, Murray (1884a, b) described two 
brookii-like species from what is now Pakistan, H. gleadowi Murray, 1884 and H. kushmorensis Murray, 1884. The 
first revision of the genus was undertaken by Boulenger (1885), who synonymized multiple African species, 
including H. verruculatus (Cuvier, 1829), H. cyanodactylus Girard, 1858, H. affinis Steindachner, 1870, and H. 

guineensis Peters, 1868, with H. brookii, and who placed some specimens identified as H. maculatus Duméril and 
Bibron, 1836 from a geographically widespread area (India, Sri Lanka, Burma, China) into synoymy with H. 

gleadowi. Additionally, Boulenger (1890) synonymized H. murrayi Gleadow, 1887 and H. kushmorensis, with H. 

gleadowi. Boulenger (1898) subsequently synonymized H. gleadowi with H. brookii because he was unable to find 
definitive morphological characters delimiting H. gleadowi. Through Boulenger’s work, a group divided into at 
least six species at one time became subsumed under the name H. brookii.

Further morphological analyses conducted during the last hundred years have produced multiple conclusions 
for the origin, dispersal, and differentiation of H. brookii, and they include the descriptions of H. tenkatei by van 
Lidth de Jeude (1895) and H. subtriedroides by Annandale (1905). Kluge (1969) examined populations on Cuba, 
Hispaniola, and Puerto Rico and noticed that they differ considerably from their most similar presumptive ancestor 
from the west coast of Africa; he referred to these conspecifics as a unique subspecies, H. b. haitianus Meerwarth, 
1901. These New World “brookii” have experienced their own complex history, but Carranza and Arnold (2006) 
and Weiss and Hedges (2007) demonstrated that they are members of a deeply divergent lineage of West African H. 

angulatus Hallowell, 1854. 

Hemidactylus tenkatei van Lidth de Jeude, 1895. Hemidactylus tenkatei was initially described in 1895 
based on a type series consisting of two adults (Fig. 2) and one juvenile from “Rotti” (van Lidth de Jeude 1895). 
Twenty years later, de Rooij (1915) placed H. tenkatei in the synonymy of H. brookii, but without providing any 
rationale or comment regarding this change in taxonomy. Hemidactylus tenkatei remained in this synonymy for 
nearly a century, until Rösler and Glaw (2010) evaluated the morphological variation and taxonomy of H. brookii, 

H. angulatus, and phenotypically similar taxa based on the holdings of the Zoologische Staatssammlung in 
Munich, Germany, but without the benefit of an examination of the type specimens of either H. brookii or H. 

tenkatei. Specifically, Rösler and Glaw (2010) compared Nepalese specimens of what they considered to be H. b. 

brookii with a male and a female specimen of H. tenkatei from Kupang, West Timor. The morphological 
comparisons, particularly the differences in three scale characters, led these authors to preliminarily consider H. 

tenkatei as a valid species, pending further and more detailed examinations. They also stated that their Nepalese 
specimens were morphologically different from Bornean H. brookii, Borneo being the type locality of the species, 
ultimately leaving the taxonomic status of the Nepalese population unresolved. 

Mahony (2011) approached his evaluation of brookii-complex geckos by re-examining the type series of H. 

brookii and its Asian synonyms. This author provided a description of one “H. brookii” specimen (BMNH 
1926.10.30.46) from West Timor, the closest part of Timor to Roti, and considered it indistinguishable from H. 

subtriedroides, a junior subjective synonym of H. brookii. As a consequence of this examination, Mahony (2011) 
designated a lectotype for H. brookii and restricted the type locality to Borneo, while also synonymizing H. 

subtriedroides with H. tenkatei. In so doing, Mahony (2011) accepted the validity of H. tenkatei based on the 
evidence from the Timor specimens evaluated by Rösler and Glaw (2010). Mahony (2011) concluded that 
specimens of H. tenkatei from Roti and Timor represented introduced populations that dispersed to these islands 
from Burma via shipping routes, a conclusion contradicting Bauer et al. (2010a), who speculated that H. tenkatei 

was likely identical to Bornean H. brookii and represented an introduction from Southeast Asia.
Based on our recent collections, we resolved to determine unequivocally the status of the brookii-like 

populations of Hemidactylus in Timor-Leste. We here present detailed findings regarding the morphology of the 
relevant type specimens and of a molecular analysis, demonstrating the validity of the species H. tenkatei and H. 

subtriedroides and addressing the biogeographic conundrum they present.
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FIGURE 2. Syntypes of Hemidactylus tenkatei, showing the herein designated lectotype, an adult female (RMNH 4353) with 

SVL 47.6 mm, and the herein designated paralectotype, an adult female (RMNH 47880) with SVL 43.4 mm. (A) Dorsal views. 

(B) Ventral views. Photographs by Mark O’Shea.
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Material and methods

Morphological analysis. We included the following diagnostic characters sampled by Mahony (2011) to ensure 
that we scored them compatibly: precloacal-femoral pore number in combination with the degree of separation of 
pore series; size of scales surrounding pore series; number of dorsal tubercle rows; shape and extent of 
tuberculation on the head, body, and tail; subcaudal scale arrangement and general tail proportions; and number of 
total and divided lamellae. Measurements for seven specimens from Timor-Leste we regarded as H. cf. tenkatei

were taken using Vernier calipers. Digital x-ray images were taken at the USNM using a Kevex model PXS5-
724EA x-ray emitter and a Varian PanScan 4030R detection panel, feeding into Varian image viewing and 
acquisition software. All characters and their abbreviations are listed in Table 1, and specimens are listed in Table 
2. Abbreviations of museum names follow Sabaj Pérez (2014).

TABLE 1. Mensural and meristic characters for specimens of the Hemidactylus brookii complex scored as part of this 

study.

Description Abbreviation Comment

Snout-vent length SVL tip of snout to vent

Total tail length TTailL vent to tip of tail

Tail width TailW measured at tail insertion

Tail depth TailD measured at tail insertion

Forearm length FAL limb insertion to tip of 4th finger

Shank length ShL limb insertion to tip of 4th toe

Trunk length TrL axilla to groin

Head length HL posterior axis of the jaw to tip of snout

Head width HW at widest point

Head depth HD at deepest point

Orbital diameter OrbD anterior to posterior measurement

Interorbital distance IO minimum distance between anteriormost

supraciliaries

Orbit to snout OrbS anterior edge of orbit to tip of snout

Orbit to ear OrbEar posterior edge of orbit to anterior edge of

ear opening

Ear length EarL anterior–posterior diameter of ear opening

Ear to snout EarS anterior edge of ear opening to tip of snout

Internarial distance IN between medial edges of nares

Rostral depth RosD maximum depth of the rostral scale

Rostral width RosW maximum width of the rostral scale

Total pores TPore number of precloacal and femoral pores

Non-pore bearing scales NonPore number of non-pore bearing scales between

pore series

Lamellae on 1st digit of pes TToeILam

Divided lamellae on 1st digit of pes DToeILam

Lamellae on 4th digit of pes TToeIVLam

Divided lamellae on 4th digit of pes DToeIVLam

Lamellae on 1st digit of manus TFinILam

Divided lamellae on 1st digit of manus DFinILam

Lamellae on 4th digit of manus TFinIVLam

Divided lamellae on 4th digit of manus DFinIVLam

Supralabials SupraLab

Infralabials InfraLab

Tubercle rows TubRow number of longitudinal tubercle rows at mid-body

Total ventrals Ventrals number of ventral scale rows at mid-body
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Samples, DNA extraction, and amplification. A total of 27 specimens was used for the molecular study 
(Table 2; Fig. 3), including three specimens from Myanmar, two from Peninsular Malaysia, and one from Sarawak 
(Borneo), all presumed to be H. brookii sensu stricto. Seven specimens of H. cf. tenkatei from Timor-Leste needing 
identification were added, and 14 Asian Hemidactylus were used as outgroups (Bauer et al. 2010a). Partial 
sequences of the mitochondrial gene encoding NADH-ubiquinone oxidoreductase chain 2 (ND2) and the nuclear 
gene encoding the recombination activating gene-1 (RAG1) were amplified and sequenced following standard PCR 
conditions and methods described in Carranza and Arnold (2006) and Carranza et al. (1999, 2000). Primers used 
for the two genes analyzed are listed in Table 3.

TABLE 2. List of specimens examined. Samples for which molecular data could not be obtained are listed in bold print. 

Abbreviations for specimen numbers not listed by Sabaj Pérez (2014) are Anslem de Silva field series (ADS), Aaron M. 

Bauer field series (AMB), Bombay Natural History Society (BNHS), and Jon Boone private collection (JB).

Species Accession No. Locality GenBank Accession Number

ND2 RAG1

H. brookii BMNH 1947.3.6.47 “Borneo” – –

H. brookii BM 1947.3.6.49 “Australia” – –

H. depressus AMB 7440 Dimbulagala, Sri Lanka HM559623 HM559689

H. flaviviridus CAS 228540 Dubai, United Arab Emirates HM559627 HM559693

H. frenatus LSUHC 6745 Penang, Malaysia EU268358 EU268297

H. frenatus USNM 579429 Com, Timor-Leste KM975950 KM881699

H. frenatus USNM 579075 E of Baucau, Timor-Leste KM975949 KM881698

H. giganteus JB 03 India (captive specimen) HM559632 HM559698

H. leschenaulti AMB 7443 Polonnaruwa, Sri Lanka HM559635 HM559701

H. maculatus BNHS 1516 Zirad, India HM559641 HM559707

H. parvimaculatus AMB 7475 Kandy, Sri Lanka GQ458055 GQ375309

H. parvimaculatus ADS 36 Karaitivu, Sri Lanka GQ458053 GQ375310

H. parvimaculatus AMB 7466 Mampuri, Sri Lanka GQ458056 GQ375311

H. parvimaculatus CAS 252886 Louisiana, United States KM975948 KM881697

H. tenkatei LSUHC 6754 Penang, Malaysia EU268365 EU268304

H. tenkatei LSUHC 6755 Penang, Malaysia EU268366 EU268305

H. tenkatei LSUHC 6786 Penang, Malaysia – –

H. tenkatei CAS 229632 Tanintharyi, Myanmar GQ458051 GQ375313

H. tenkatei CAS 208159 Yangon, Myanmar GQ458052 GQ375312

H. tenkatei CAS 206638 Mandalay, Myanmar GQ458054 EU268314

H. tenkatei ZRC 2.6167 Sarawak, Malaysia GQ458050 GQ375314

H. tenkatei RMNH 4353 Roti, Indonesia – –

H. tenkatei RMNH 47880 Roti, Indonesia – –

H. tenkatei USNM 579430 Com, Timor-Leste KM975941 KM881690

H. tenkatei USNM 579442 Com, Timor-Leste KM975943 KM881692

H. tenkatei USNM 579443 Com, Timor-Leste KM975944 KM881693

H. tenkatei USNM 579441 Com, Timor-Leste KM975942 KM881691

H. tenkatei USNM 579728 Dili, Timor-Leste KM975945 KM881694

H. tenkatei USNM 579729 Dili, Timor-Leste KM975946 KM881695

H. tenkatei USNM 581298 Dili, Timor-Leste KM975947 KM881696
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TABLE 3. List of primers used in this study.

Phylogenetic analysis. RAG1 and ND2 sequence contigs were constructed using Geneious Pro 5.6.6 and were 
aligned by eye and input into MEGA6 (Molecular Evolutionary Genetics Analysis tool; Tamura et al. 2013) to 
check for premature stop codons. A pluralistic approach was employed in analyzing alignment data, and results 
were compared using maximum-likelihood analysis (ML) and Bayesian inference. For both genes, the Akakine 
Information Criterion (AIC), as implemented in ModelTest v3.7 (Posada & Crandall 1998), was used to calculate 
the best-fit model of evolution, which was general time reversible with gamma distributed rate variation among 
sites (GTR + Γ) for ND2 and the Hasegawa, Kishino, and Yaso (HKY) model for RAG1. For phylogenetic 
analyses, a total of seven partitions were made: RAG1—three codon positions; ND2—three codons plus associated 
tRNAs. Maximum likelihood analysis was conducted in MEGA6 using the specified models of evolution along 
with 1000 bootstrap replicates to provide branch support. Bayesian analyses were performed with MrBayes 3.2.1 
(Huelsenbeck & Ronquist 2001) for 10,000,000 generations, sampling every 1000 generations and yielding 10,000 
trees for every parallel run. The first 25% of samples were discarded as burn-in, and branch support was quantified 
using posterior probabilities.

Results

Morphological data. The key specimens in the analysis of morphological data include the series of specimens 
from Timor-Leste, the lectotype and paralectotype of H. brookii, and the three syntypes of H. tenkatei (Table 2). 
Specimens from Timor are in all respects morphologically congruent with the two larger syntypes of H. tenkatei. 
The smallest syntype of H. tenkatei (RMNH 47105), listed as a juvenile by van Lidth de Jeude (1895), is actually a 
member of the genus Cyrtodactylus and appears to be the first representative of the genus from Roti Island (Kaiser 
et al., in prep.). 

Direct comparison of average measurements for the specimens of H. tenkatei (including the two syntypes) and 
the lectotype and paralectotype of H. brookii show differences in TailW (brookii wider by 28%), TailD (brookii

deeper by 32%), TrL (tenkatei longer by 16%), TrL/SVL (1.75 in tenkatei vs. 2.38 in brookii), and HD (brookii

deeper by 24%). Scale differences between these forms include TPore (14 or 15 in tenkatei, 24 or 26 in brookii), 
NonPore (7 or 8 in tenkatei, 1 in brookii), and the type and distribution of subcaudal scales. In H. tenkatei, the 
subcaudals are transversely enlarged and narrow, with their lateral edges forming a fringe at the border in the area 
where they touch the adjacent granular scales (Fig. 4B). In contrast, the transverse enlargement of the subcaudals in 
H. brookii is considerably greater, covering the entire ventral surface of the tail, and these scales do not have any 
kind of edge (Fig. 4A). There is also a visible difference in scale dimension along the longitudinal axis of the tail, 
with five subcaudals of H. brookii covering the same length on the tail as seven subcaudals of H. tenkatei. There 
are some small visible differences in the skull dimensions of these two forms (Fig. 5) that we have not quantified, 
but there is a clear difference in the number of maxillary teeth (72 in tenkatei vs. 84 in brookii).

Similar differences exist between H. tenkatei, H. brookii, and H. subtriedroides. The largest specimen of H. 

tenkatei from Timor-Leste (USNM 579443; Fig. 1A) is identical in SVL to the paralectotype of H. subtriedroides

(58.8 mm). However, on average, H. subtriedroides are 19% larger than H. tenkatei. As was the case with H. 

brookii, TailW in H. subtriedroides is considerably larger than in H. tenkatei (by 30%), and TailD is larger as well 

Gene Primer Name Sequence (5’ to 3’) Reference

ND2 ND2F17 5’-TGACAAAAAATTGCNCC-3’ Greenbaum et al., 2007

ND2 ND2R102 5'-CAGCCTAGGTGGGCGATTG-3' Greenbaum et al., 2007

ND2 CO1R1 5’-AGRGTGCCAATGTCTTTGTGRTT-3’ Greenbaum et al., 2007

ND2 TRPR3 5’-TTTAGGGCTTTGAAGGC-3’ Greenbaum et al., 2007

RAG1 RAG1F700 5'-GGAGACATGGACACAATCCATCCTAC-3' Bauer et al., 2007

RAG1 RAG1R700 5'-TTTGTACTGAGATGGATCTTTTTGCA-3' Bauer et al., 2007

RAG1 RAG1F396 5’-TCTGAATGGAAATTCAAGCTGTT-3’ Bauer et al., 2008

RAG1 RAG1R397 5’-GATGCTGCCTCGGTCGGCCACCTTT-3’ Bauer et al., 2008
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(by 20%). Hemidactylus subtriedroides also has relatively longer limbs (both FAL and ShL are longer by 14%), 
and when adjusted for size, these differences may be even more pronounced (Trl/SVL is larger by 22% in H. 

subtriedroides).

FIGURE 4. Subcaudal scale morphology of (A) Hemidactylus brookii (lectotype; BMNH 1947.3.6.47), and (B) H. tenkatei

(lectotype; RMNH 4353). Photographs by Hinrich Kaiser.

FIGURE 5. X-rays of the skulls of (A) Hemidactylus tenkatei (lectotype; RMNH 4353) and (B) H. brookii (lectotype; BMNH 

1947.3.6.47). Images by Hinrich Kaiser.

In terms of scale differences, the only standout difference is in NonPore, which ranges from 5–6 in H. 

subtriedroides and from 7–8 in H. tenkatei. The subcaudal scales of H. subtriedroides are very similar to those of 
H. brookii and dissimilar from those of H. tenkatei.

Molecular data. Sequence data generated yielded a total of 2394 characters. These included 1317 bp of ND2, 
which contained 675 variable sites, and 1077 bp of RAG1 with 111 variable sites between sequences. Maximum 
likelihood analyses of ND2 and RAG1 sequences produced similar, largely congruent topologies with regard to 
taxon placement, with –ln L = 7413.51 and 2105.74, respectively. Except for nodes with posterior probabilities of 
0.50 or less, Bayesian majority consensus trees for ND2 and RAG1 were also identical in topology to ML trees, 
illustrating concordant hypotheses from both phylogenetic approaches.
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In the ND2 gene tree analyses (Fig. 6A), Hemidactylus from Timor-Leste and all other samples of populations 
presumed to be H. brookii (from Peninsular Malaysia, Borneo, and provinces of Myanmar) grouped together as 
two sister clades with 100% bootstrap support and a Bayesian posterior probability of 1. The nuclear data set 
analysis (Fig. 6B) also shows support for this clade, however, the lack of variable loci did not allow resolution of 
any of the relationships between “brookii” populations; for this reason we support the use of the ND2 topology to 
elucidate species-level relationships. Uncorrected pairwise distance for ND2 sequence data between the two clades 
is 0.2–3.6%.

Discussion

Identity of the Timor-Leste specimens. Our data show conclusively that the specimens from Timor-Leste we 
initially regarded as H. cf. tenkatei are morphologically identical to the two larger syntypes of H. tenkatei. This is 
shown most prominently by the shape of the single row of subcaudals (transversely enlarged and reaching across 
the entire ventral width of the tail in brookii vs. less transversely enlarged and hemmed in by other scales in 
tenkatei; Fig. 4), the number of femoral pores and non-pore bearing scales separating the pores series (Table 4), the 
number of maxillary teeth (72 in tenkatei vs. 84 in brookii; Fig. 5), the number of infralabials, and by an overall 
body gestalt (e.g., head comparisons). The ND2 and RAG1 data (Fig. 6) show that our Timor-Leste specimens 
group with both the Bornean specimen used to represent H. brookii in the data set of Bauer et al. (2010a) and 
specimens from Penang Island, Malaysia and several localities in Myanmar. Ordinarily, and assuming correct 
identification of the vouchers used to obtain tissues for molecular analysis, we would conclude that there is identity 
between these populations (Roti, Timor-Leste, Borneo, Penang Island, Myanmar) and that these populations must 
all take the oldest available name, H. brookii.

A significant problem emerges, however, when comparing the morphological data for Roti and Timor-Leste 
populations with those for the lectotype of H. brookii. A number of morphological differences in the data set show 
that two distinct species are present, one on Roti Island and in Timor-Leste, and the other currently represented by 
only two Bornean specimens, the lectotype and paralectotype of H. brookii. With this knowledge, the only 
possibility is that the specimen identified by Das and Sukumaran (2007) as H. brookii (Fig. 1C) was misidentified 
and also belongs to the species found on Roti and in Timor-Leste. Photographic evidence (LSUHC 6786; Fig. 1B) 
shows that the population on Penang Island, off the western coast of Peninsular Malaysia, also appears to be 
morphologically identical and therefore conspecific with these populations.

The status of Hemidactylus tenkatei. The data set we present here is the first to benefit from a side-by-side 
comparison of type material for H. tenkatei and H. brookii. Given the clear morphological differences between 
these two forms, there is no doubt that H. tenkatei is a valid species. We hereby confirm that the decision by Rösler 
and Glaw (2010) and Mahony (2011) to resurrect H. tenkatei van Lidth de Jeude, 1895 from the synonymy of H. 

brookii and recognize it at the species level is valid and can be supported by our data.
Among the syntypes of H. tenkatei, which had been cataloged under a single accession number (RMNH 4353) 

since their incorporation into the Rijksmuseum collections, we found a small specimen belonging to the genus 
Cyrtodactylus. This specimen has now been removed from the jar with the two H. tenkatei specimens and was re-
catalogued as RMNH 47105. In order to reliably identify the two remaining syntypes of H. tenkatei, these were 
recently re-catalogued with individual numbers. The specimen with the complete tail retains the original number 
RMNH 4353, whereas the second specimen has received the number RMNH 47880. We here designate the 
complete specimen (RMNH 4353 sensu novo) as the lectotype of H. tenkatei, and the second specimen with the 
broken tail (RMNH 47880) as the paralectotype.

The status of Hemidactylus brookii. Based on the combined data from the morphological and molecular 
analysis, it appears that the species H. brookii remains known in Borneo only from the two specimens used in its 
original description. While the population reported by Das and Sukumaran (2007) from a lodge in Sarawak, 
Borneo clearly is not a member of Hemidactylus species commonly encountered in Borneo (i.e., H. frenatus, H. 

garnotii, H. platyurus), it also does not belong to the species defined by the type specimens of H. brookii. It is 
certainly understandable why Das and Sukumaran (2007) would consider their find to be conspecific with H. 

brookii: it is the default, since other than the more commonly recorded Bornean Hemidactylus, H. brookii is the 
only other species of the genus with a Bornean locality. Using the molecular data, as well as key morphological 
features, we are also able to align the identity of the population on Penang Island with H. tenkatei. It appears, 
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therefore, that several Hemidactylus species, such as H. frenatus and H. garnotii, and apparently also H. tenkatei, 
are being dispersed anthropogenically across a wide area in Southeast Asia, including at least some of the Lesser 
Sunda Islands as well as Borneo. Perhaps H. brookii is a species that was at one time similarly dispersed, as 
considered by Rösler and Glaw (2010). While it is not possible to be certain, we also wonder whether the type 
material of H. brookii actually did come from Borneo, or whether this island was but one locality from which 
material was assembled in a larger collection from multiple voyages that was accessioned by John Edward Gray. 
Furthermore, British ocean voyages in the early to mid-1800s were known to stop and re-provision in South Asia, 
before the long journey around Southern Africa. At this point in time, the species known as H. brookii sensu stricto

is only known from two historical specimens (BMNH 1947.3.6.47 and 1947.3.6.49), with type localities listed as 
Borneo and Australia, respectively.

FIGURE 6. Phylogenetic relationships of selected Asian Hemidactylus based on (A) mitochondrial gene ND2 and (B) nuclear 

gene RAG1. Shown are maximum likelihood consensus trees with branch length support values listed as Bayesian posterior 

probabilities/maximum likelihood bootstraps. Bootstrap values < 80 are represented by a hyphen (-). The yellow background 

color identifies specimens belonging to H. tenkatei according to our revised definition of that species, and specimens identified 

by red font are our specimens from Timor-Leste, for which we tried to obtain positive identification and which ultimately 

prompted this study.
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ments and characters can be found in Table 1. 

tenkatei tenkatei tenkatei tenkatei tenkatei 

USNM 

579430 

USNM 

579441 

USNM 

579442 

USNM 

579729 

USNM 

581298 

Timor-Leste Timor-Leste Timor-Leste Timor-Leste Timor-Leste 

     

M F F F F 

38.6 57.8 50.0 48.1 43.9 

45.1 broken 54.5 broken 54.8 

3.7 5.4 7.0 3.8 4.3 

2.4 3.4 3.9 2.4 2.2 

5.6 8.1 7.2 6.3 7.2 

6.4 9.5 8.3 6.8 7.8 

22.4 36.54 32.9 30.4 24.8 

11.5 16.2 13.7 15.0 13.4 

7.9 9.8 9.9 9.9 8.2 

4.2 5.6 5.0 6.1 3.9 

3.2 4.0 3.2 3.0 3.1 

3.1 5.0 4.1 5.1 3.9 

4.9 6.8 6.0 6.7 5.2 

3.3 4.6 4.6 4.6 3.0 

0.7 1.3 1.0 1.0 1.1 

…….continued on the next page 
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TABLE 4. Measurements (in mm) and meristic data for specimens of H. brookii, H. subtriedroides, and H. tenkatei. Abbreviations of measure

 

 brookii brookii 

“brookii” 

incertae sedis
1

 

subtriedroides subtriedroides tenkatei tenkatei tenkatei tenkatei 

No. 

BMNH 

1947.3.6.47 

BMNH 

1947.3.6.49 

BMNH 

1947.3.6.48 

BMNH 

1946.8.25.54 

ZSI 4135 

RMNH      

4353 

RMNH 47880 

USNM 

579728 

USNM 

579443 

Locality “Borneo” “Australia” “Borneo” 

Northern 

Myanmar 

Northern 

Myanmar 

Roti Roti Timor-Leste Timor-Leste 

Status Lectotype Paralectotype  Lectotype Paralectotype Lectotype Paralectotype   

Sex M M M M M F F F M 

SVL 55.8 55.3 54.6 61.7 58.8 47.6 43.3 51.7 58.8 

TTail 62.9 broken broken 65.1 69.0 53 1.9 + 46.8 broken broken 

TailW 7.5 N/A 7.2 7.4 7.8 5.8 5.1 5.4 7.6 

TailD 4.8 N/A 4.6 4.0 N/A 2.5 2.8 3.4 5.5 

FAL 7.0 7.0 8.1 7.9 8.0 6.1 5.9 7.2 8.7 

ShL 8.4 7.9 8.9 9.8 9.0 7.9 8.3 8.1 9.7 

TrL 20.5 21.7 26.1 28.7 25.4 19.7 17.2 31.7 35.8 

HL 15.2 14.6 17.6 16.9 N/A 15.7 15.3 15.4 17.7 

HW 11.0 10.5 11.7 11.7 12.5 10.2 9.2 9.9 13.0 

HD 7.0 6.2 6.9 6.3 6.3 5.5 5.6 5.2 6.9 

OrbD 4.2 4.3 3.8 5.3 N/A 3.1 2.7 3.4 3.3 

IO 4.4 4.6 5.8 5.6 5.9 4.3 4 4.9 5.4 

OrbS 5.7 5.8 6.9 6.6 N/A 5.7 5.2 6.3 7.1 

OrbEar 4.6 4.6 5.5 4.9 5.9 4.2 4 3.7 5.2 

EarL 1.7 1.2 0.9 1.4 0.6 0.9 0.9 1.3 0.9 
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tenkatei tenkatei tenkatei tenkatei tenkatei 

10.3 14.6 13.2 13.5 11.4 

1.1 1.5 1.4 1.4 1.3 

0.9 1.0 1.0 1.0 0.8 

1.7 2.2 2.3 2.0 1.9 

7/7 – – – – 

7 – – – – 

5 5 5 5 5 

2 2 2 2 2 

8 8 8 8 8 

6 6 6 6 6 

5 5 5 5 5 

2 2 2 2 2 

7 8 8 8 7 

5 5 6 6 5 

9/9 12/12 11/11 11/11 12/12 

9/9 10/10 9/9 9/9 10/10 

17 18 15 17 15 

26 30 32 33 28 

is specimen is certainly not conspecific with H. brookii. However,    

ve of a species that was extralimital to the present analysis. 
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TABLE 4 (Continued)  

 brookii brookii 

“brookii” 

incertae sedis
1

 

subtriedroides subtriedroides tenkatei tenkatei tenkatei tenkatei 

EarS 13.5 13.4 13.8 15.4 16.4 12.9 11.4 13.5 16.2 

IN 1.7 1.7 1.6 2.0 1.5 1.5 1.5 1.6 1.6 

RosD 1.4 1.5 1.3 1.4 N/A 0.8 0.9 1.1 1.8 

RosW 2.7 2.6 2.5 2.9 N/A 1.9 1.9 2.0 2.1 

TPore 13/13 12/12 8/8 7/7 7/7 0 0 – 8/7 

NonPore 1 1 6 5 6 0 0 – 8 

TToeILam 5 5 5 5 5 5 5 5 5 

DToeILam 1 0 2 2 0 2 2 2 2 

TToeIVLam 7 8 8 8 7 9 8 8 9 

DToeIVLam 5 4 6 5 6 6 6 6 5 

TFinILam 6 6 6 5 5 5 5 5 5 

DFinILam 1 1 3 2 1 2 2 2 2 

TFinIVLam 7 7 8 8 9 8 8 8 8 

DFinIVLam 5 4 6 6 N/A 6 6 6 6 

SupraLab 9/9 12/10 11/12 10/10 11/12 10/11 11/11 10/10 12/12 

InfraLab 9/8 7/7 10/10 9/9 10/10 9/9 9/9 10/10 9/9 

TubRow 16 19 17 20 16 15 16 17 15 

Ventrals 31 33 33 31 N/A 29 31 29 40 

 

1

 This specimen does not conform to the lectotype and paralectotype of H. brookii sensu stricto. We therefore agree with Mahony (2011) that th

   we disagree with Mahony’s assessment that this species is conspecific with either H. subtriedroides or H. tenkatei, but rather is a representati



The status of Hemidactylus subtriedroides. Mahony (2011) formally placed H. subtriedroides into the 
synonymy of H. tenkatei. Based on our evaluation of the morphology of the H. tenkatei type material, we feel that 
this decision cannot be supported. Our data (Table 4) show several key differences between H. tenkatei and the type 
material of H. subtriedroides described by Mahony (2011). We are therefore unconvinced that H. subtriedroides is 
identical to H. brookii sensu stricto. Until further research is completed to determine the relationships between H. 

subtriedroides and other brookii-complex taxa, and in the interest of nomenclatural stability, we consider it best to 
retain H. subtriedroides at the specific level.

Broader taxonomic and biogeographic considerations. Consistent results between likelihood and Bayesian 
phylogenetic analyses group Timorese Hemidactylus and other tenkatei-like populations in a single clade with two 
subgroups. Whatever name will ultimately be applied to these populations, our results confirm the suggestion of 
Bauer et al. (2010a) that two haplotypes from Southeast Asia must have colonized these territories. Given the 
limitations for the molecular analysis imposed by the use of historical specimens, addition of morphological 
evidence makes it clear that these populations are conspecific, and that the oldest available name for them is H. 

tenkatei. While the specimen described as true brookii by Das and Sukumaran (2007) is not conspecific with the 
topotypic specimen of H. brookii from Borneo described by Gray, it is closely related to other H. tenkatei 

populations. This leads us to conclude that this recently collected specimen is an example of a fairly recent 
haplotype colonization into Borneo, by H. tenkatei, perhaps during the very recent past as a result of increased 
economic activity in the region; a similar colonization may have occurred on Penang Island, Malaysia. A 
comparison of the type series of H. brookii with the illustration in Das and Sukumaran (2007) and a photograph 
provided by I. Das, as well as with a Penang specimen (LSUHC 6786) and photographs provided by L. Grismer, 
strengthens this hypothesis. Thus, Gray’s specimens are currently the only known true exemplars of H. brookii. 
Given that reptile surveys in various parts of Borneo have not yet led to the confirmation of H. brookii sensu 

stricto, we wonder whether the locality designation in the original description is, in fact, correct. It appears certain 
that the material Gray received in London did indeed include specimens from Borneo and Australia, but perhaps 
additional specimens were added to the collection in South Asia during transit and, as has been demonstrated for 
other collections (e.g., those evaluated by Duméril and Bibron at the Paris museum), the labeling became 
inaccurate during the voyage.

Regardless of the circumstances surrounding the original description of H. brookii sensu stricto, it now appears 
likely that H. tenkatei is a house gecko that has been spread widely from an as yet unidentified origin by the agency 
of humans, reaching the Indonesian island archipelago and at least Borneo and Penang, with documented localities 
in the Lesser Sunda Archipelago now including Alor, Flores, Lembata, Pantar, Savu, Semau, Sumba, Sumbawa, 
and Timor (in addition to the specimens listed for our analysis; these records include specimens in the collections 
of the Western Australian Museum, Perth, Australia; HK, pers. obs.). However, the currently very limited 
molecular sampling of Hemidactylus from Roti, West Timor, India, and Myanmar prevents further delineation and 
biogeographic hypotheses for determining the source population of H. tenkatei. Our data allow us to dispel the 
biogeographic hypothesis put forward by Mahony (2011), based on his synonymy of H. subtriedroides with H. 

tenkatei, that H. tenkatei may have been introduced from what was then Burma into the Lesser Sunda Islands. 
Given the distinctiveness of these two species, and given the unlikely transportation of any goods between Burma 
and the Dutch East Indies historically, this no longer appears to be a feasible concept. 

With the current morphological and molecular data available, it is not possible to ascertain the overall species 
composition of what has been referred to as the H. brookii complex. A comprehensive study would require detailed 
morphological work involving the type specimens of all candidate species, with particular attention paid to those 
species placed into the synonymy of H. brookii-complex taxa by Boulenger (1885, 1890, 1898). Given the age of 
many of these specimens it may not be possible to obtain a suitable molecular data set, and it is logistically difficult 
to obtain new material.

Lessons for DNA-based species evaluations. Our experience provides a cautionary tale for taxonomic and 
biogeographic research involving morphological and molecular data (see Löbl 2014), particularly when one is used 
without the benefit of the other. While our understanding of biodiversity and biogeography has been enhanced 
considerably by the use of molecular data over the last decade, it is well known that there have been issues with 
such data. As our own work shows, a more reliable understanding of a species-level issue in Hemidactylus could 
only be developed by consulting type specimens and the voucher specimens from which tissue samples were 
extracted. This must therefore be the most critical component of any meaningful taxonomic analysis: if one 
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attaches a taxon name to a tissue sample, a physical voucher specimen must be available, and this voucher must 
conform to the parameters represented by the type specimen of that taxon.

Unless as part of a trail of evidence in taxonomy the link between the past (i.e., a holotype, or a type series) and 
the present (the voucher specimen from which the tissue sample was extracted) is demonstrated, and information is 
provided to make these links reproducible (e.g., by providing accession numbers for both the voucher specimen 
and the corresponding tissue sample), the analysis must be considered inconclusive and ultimately of questionable 
value. This is not only a problem for taxonomists, it is also a problem for those who use or allocate public resources 
and expect reliable outcomes (Löbl 2014). We freely admit that verifying these links may be a tall order in some 
circumstances, due to high logistical cost in attempts to evaluate type specimens, unfamiliarity with the 
morphology of a group under investigation, or simply general time constraints. However, molecular studies are still 
invariably rooted in the morphology of real animals, and some of the challenges surrounding the identities of H. 

brookii and H. tenkatei, as identified in the works of Bauer et al. (2010a), Rösler and Glaw (2010), and Mahony 
(2011), might have been recognized and addressed had the type specimens been viewed together.

We appreciate the efforts to conduct broad molecular investigations with a biogeographic (as opposed to a 
taxonomic) focus, and we understand that evaluations of type material adds a layer of significant complexity to 
such studies: finding and evaluating specimens for each and every tissue sample used or for each DNA sequence 
obtained (such as from GenBank), makes for a significant workload. However, given that many GenBank 
accessions have not been verified (and we and others have identified a variety of taxonomic incongruities with 
these accessions; D. Mulcahy, pers. comm.), we urge extreme caution, and certainly communication with the 
depositor of a sequence, before the taxon name listed on GenBank is used to represent a species, sight unseen.
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