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Abstract

An integrative taxonomic analysis of Sundaic populations of Gekko smithii from the Thai-Malaya Peninsula, Sumatra, and Borneo
recovered four deeply divergent mitochondrial lineages that are separated by major geographic barriers (mountains and seaways).
Furthermore, they bear a number of concordant statistically significant differences in meristic and morphometric features, morpho-
spatial separation in multivariate space, and discrete differences in color pattern. Gekko smithii sensu stricto is restricted to southern
Thailand south of the Isthmus of Kra and Peninsular Malaysia west of the Banjaran (mountain range) Titiwangsa, being that the
type locality is on Penang Island, Penang. Gekko hulk sp. nov. is a new species from extreme southern Thailand and Peninsular
Malaysia east of the Banjaran Titiwangsa and five east coast islands—the type locality being Pulau (island) Tioman, Pahang. Gekko
cf. albofasciolatus is tentatively used to include Bornean populations west of the Iran Mountains in Sabah and Sarawak which, in
the absence of molecular data, cannot unequivocally be separated morphologically from G. albofasciolatus from the type locality at
Banjarmasin, Kalimantan, Indonesia east of the Iran Mountains. In the absence of molecular data, G. albomaculatus is resurrected
to include mainland Sumatran, Nias Island, and Banyak Islands populations which, based on their morphology, cannot be separated
from descriptions of G. albomaculatus from the type locality of Bangka Island, 15 km off the southeast coast of mainland Sumatra.
Further integrative analyses of all Sumatran and Bornean populations are currently underway as well as the enigmatic Wallacean
populations from Sulawesi. Data are presented that strongly suggest all references to G. smithii from Java stem from a 151 year-old
misidentification of a specimen of G. gecko of unknown provenance. Additionally, there are no vouchered records of G. smithii from
Myanmar. The phylogeographic patterns of Sundaic populations of the G. smithii complex are concordant with those of a plethora
of other Sundaic lineages.

Copyright L. Lee Grismer et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted use, distri-
bution, and reproduction in any medium, provided the original author and source are credited.


http://zoobank.org/3A5B7AD2-5A81-42E9-B013-6A95ED03E7B6
mailto:lgrismer@lasierra.edu
https://doi.org/10.3897/vz.72.e77702
http://creativecommons.org/licenses/by/4.0/

48 L. Lee Grismer et al.: Phylogenetic taxonomy of the Gekko smithii complex

Key words

Gekkonidae, integrative taxonomy, phylogenetics, Sundaland, systematics

Introduction

The genus Gekko Laurenti, 1768 is an ecologically and
morphologically diverse radiation of scansorial, noc-
turnal lizards comprising at least 82 species that col-
lectively range throughout Southeast and East Asia to
western Melanesia (Uetz et al. 2021; Wood et al. 2020a).
Throughout its vast distribution, Gekko manifests a
broad array of adaptive types ranging from large human
commensals and granite boulder-adapted specialists, to
highly cryptic arboreal species and parachuters (Rosler
et al. 2011; Wood et al. 2020a). Based on an extensive
integrative analysis, Rosler et al. (2011) constructed six
phenotypic species groups within the genus Gekko. Two
of these groups, G. gecko and G. japonicus, were recog-
nized by Wood et al. (2020a) in a phylogenomic taxon-
omy that constructed seven subgenera and necessitated
the synonymy of Luperosaurus Gray, 1845 and Ptycho-
zoon Kuhl and van Hasselt, 1822 with Gekko. Included
among the seven species of the subgenus Gekko, is G.

smithii Gray, 1942, a large widespread, aggressive, scan-
sorial, lowland, forest-adapted species and semi-human
commensal found throughout much of Sundaland from
southern Thailand south of the Isthmus of Kra through
Peninsular Malaysia and Singapore to Sumatra, Bor-
neo, and Sulawesi (Koch et al. 2009; Grismer 2011a,b)
(Fig. 1). Chandramouli et al. (2021) indicated that G.
smithii from Great Nicobar Island (erroneously reported
as G. gecko by Biswas and Sanyal (1977)) was morpho-
logically distinct and based on statistically significant
differences, described it as G. stoliczkai Chandramouli,
Gokulakrishnan, Sivaperuman, and Grismer, 2021 which
we include here to be the eighth species of G. (Gekko).
Reports of G. smithii from Java and Myanmar are likely
erroneous (see below).

Integrative taxonomic analyses of many other spe-
cies of Sundaic amphibians and reptiles were recovered
as species complexes and whose pronounced phylogeo-

Figure 1. Distribution of the species of the Gekko smithii complex from throughout their respective Sundaic land masses. Circles
denote the localities of specimens that were both examined first hand and are represented in the phylogeny (Fig. 2). Stars denote
type localities. Squares denote localities of specimens or photographs examined here or verified from other publications as well
as vouchered samples in the literature. Localities from non-peer reviewed literature or unverifiable online data were not included.



Vertebrate Zoology 72, 2022, 47-80

49

graphic sub-structuring across well-defined geographic
features necessitated their taxonomic partitioning into
multiple species (e.g., Grismer et al. 2013, 2014a,b, 2015,
2018a,b, 2019; Loredo et al. 2013; Matsui et al. 2014;
Matsui 2019; Grismer and Quah 2015; Chan et al. 2016,
2017, 2018, 2020; Harvey et al. 2016; Grismer and Da-
vis 2018; O’Connell et al. 2018, 2019; Quah et al. 2019,
2020, 2021a,b; Wood et al. 2020b). Therefore, we initi-
ated the first integrative analysis of G. smithii based on
morphology, color pattern, and genetic data derived from
the mitochondrial gene NADH dehydrogenase subunit 2
(ND2). The analysis was focused primarily on the phy-
logeographic structure of populations on the Thai-Malay
Peninsula and their associated islands—including the
type locality on the west coast island of Penang that has
remained unsampled since Gray’s description in 1842.
Although sampling was dense on the Thai-Malay Pen-
insula, we sequenced available tissue samples and exam-
ined representative specimens from Borneo and Sumatra
for comparison. The phylogenetic analyses recovered
significant mitochondrial divergences across well-estab-
lished biogeographic boundaries within Peninsular Ma-
laysia and between Peninsular Malaysia, Sumatra, and
Borneo that were corroborated by statistically significant
differences in body shape, scalation, color pattern, and
morphospatial arrangement in multivariate space. As
such, we consider G. smithii to be a species complex and
adjust the taxonomy accordingly with the description of
anew species from Peninsular Malaysia and the resurrec-
tion of one other from Sumatra.

Materials and methods

Species delimitation

The general lineage concept (GLC: de Queiroz 2007) ad-
opted herein proposes that a species constitutes a pop-
ulation of organisms evolving independently from other
such populations owing to a lack of gene flow. By “in-
dependently,” it is meant that new mutations arising in
one species cannot spread readily into another species
(Barraclough et al. 2003; de Queiroz 2007). Integrative
studies on the nature and origins of species are using an
increasingly wider range of empirical data to delimit spe-
cies boundaries (Coyne and Orr 1998; Fontaneto et al.
2007; Knowles and Carstens 2007; Leaché et al. 2009),
rather than relying solely on morphology and traditional
taxonomic methods. Under the GLC implemented herein,
molecular phylogenies were used to recover monophy-
letic mitochondrial lineages of individuals (populations)
in order to develop initial species-level hypotheses. Uni-
variate and multivariate analyses of meristic and mor-
phometric data were then used to search for statistically
significant character differences and morphospatial pat-
terns consistent with the phylogenetic delimitations of
the species-level hypotheses—thus not conflating species
delimitation with species diagnosis.

Phylogenetic analyses

We obtained 1267 base pairs of NADH dehydrogenase
subunit 2 gene (ND2) and its flanking tRNAs from six
specimens from GenBank and 60 newly sequenced spec-
imens (Table 1) for phylogenetic analyses. Gekko gecko
was used to root the tree based on Rosler et al. (2011)
and Siler et al. (2012). Total genomic DNA was isolated
from liver or skeletal muscle stored in 95% ethanol using
a SPRI magnetic bead extraction protocol (https://github.
com/phyletica/lab-protocols/blob/master/extraction-spri.
md). ND2 was amplified using a double-stranded Poly-
merase Chain Reaction (PCR) under the following con-
ditions: 2.5 pl genomic DNA (~10-30 ng), 2.5 ul light
strand primer (5 pM), 2.5 pl heavy strand primer (5 uM)
(Table 2), 1.0 pl dinucleotide pairs (1.0 uM), 2.0 pl 5x
buffer (2.0 uM), 1.0 MgCl 10x buffer (1.0 uM), 0.18 ul
Taq polymerase (5u/pl), and 9.8s ul ultrapure H20 at n +
1. PCR reactions were executed on a Axygen Maxygene
IT gradient thermocycler under the following conditions:
initial denaturation at 94°C for 30 s, annealing at 52°C
for 30 s, followed by a cycle extension at 68°C for 7 min
for 33 cycles, followed by a final extension cycle run at
4°C for 35 s. All PCR products were visualized on a 1.0
% agarose electrophoresis gel. Successful targeted PCR
products were outsourced to GENEWIZ® for PCR puri-
fication, cycle sequencing, and sequencing. Primers used
for amplification and sequencing are presented in Table 2.

We used both maximum likelihood (ML) and Bayes-
ian inference (BI) to estimate the phylogenetic rela-
tionships among the sampled geckos in our sequence
alignment. A ML phylogeny was estimated using the IQ-
TREE webserver (Nguyen et al. 2015; Trifinopoulos et
al. 2016) preceded by the selection of substitution mod-
els using the Bayesian Information Criterion (BIC) in
ModelFinder (Kalyaanamoorthy et al. 2017), which sup-
ported TPM2+F+G4 as the best fit model for the tRNAs,
HKY+F+I for ND2 codon position one, TPM2u+F+G4
for position 2, and KKY+F for position 3. One-thousand
bootstrap pseudoreplicates via the ultrafast bootstrap
(UFB; Hoang et al. 2018) approximation algorithm were
employed and nodes having UFB values of 95 and above
were considered highly supported (Minh et al. 2013).
A Bayesian inference (BI) analysis was carried out in
MrBayes 3.2.3. (Ronquist et al. 2012) on XSEDE using
the CIPRES Science Gateway (Cyberinfrastructure for
Phylogenetic Research; Miller et al. 2010) employing
default priors and models of evolution that most close-
ly approximated those selected by the BIC and used in
the ML analysis. Two independent Markov chain Monte
Carlo (MCMC) analyses were performed, each with four
chains, three hot and one cold. The MCMC simulation
ran for 40 million generations, was sampled every 4000
generations, and the first 10% of each run were discarded
as burn-in. Convergence and stationarity of all parame-
ters from both runs were checked in Tracer v1.6 (Ram-
baut et al. 2014) to ensure effective sample sizes (ESS)
were well above 200. Post-burn-in sampled trees from
both runs were combined and a 50% majority-rule con-
sensus tree was constructed. Nodes with Bayesian poste-
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Table 1. Taxon sampling, locality data, and ND2 GenBank accession numbers from specimens used in the phylogenetic analyses.

Species Cat no. Locality Accession no.
Gekko gecko LSUHC 6813 Pulau Langkawi, Kedah, West Malaysia OM420678
Gekko cf. albofasciolatus FMNH 267868 Bintulu Division, Sarawak, East Malaysia 0OM420649
Gekko cf. albofasciolatus FMNH 269014 Bintulu Division, Sarawak, East Malaysia OM420650
Gekko cf. albofasciolatus FMNH 269015 Bintulu Division, Sarawak, East Malaysia OM420651
Gekko cf. albomaculatus MVZ 271122 Pulau Tuangku, Aceh, Sumatra 0OM420692
Gekko cf. albomaculatus MVZ 271123 Pulau Tuangku, Aceh, Sumatra OM420693
Gekko cf. albomaculatus MVZ 271125 Pulau Nias, North Sumatra, Sumatra OM420677
Gekko hulk sp. nov. LSUHC 8696 Pulau Perhentian Besar, Teregganu, West Malaysia OM420680
Gekko hulk sp. nov. LSUHC 8690 Pulau Perhentian Besar, Teregganu, West Malaysia OM420679
Gekko hulk sp. nov. LSUHC 6749 Endau Rompin, Johor, West Malaysia OM420652
Gekko hulk sp. nov. LSUHC 7651 Endau Rompin, Johor, West Malaysia OM420654
Gekko hulk sp. nov. LSUHC 7694 Endau Rompin, Johor, West Malaysia OM420655
Gekko hulk sp. nov. LSUHC 7702 Endau Rompin, Johor, West Malaysia OM420656
Gekko hulk sp. nov. LSUHC 7649 Endau Rompin, Johor, West Malaysia OM420652
Gekko hulk sp. nov. LSUHC 7650 Endau Rompin, Johor, West Malaysia OM420653
Gekko hulk sp. nov. LSUHC 9959 Gunung Lambak, Johor, West Malaysia OM420657
Gekko hulk sp. nov. LSUHC 6748 Endau Rompin, Johor, West Malaysia IN019056
Gekko hulk sp. nov. LSUHC 10585 Gunung Ledang, Johor, West Malaysia OM420659
Gekko hulk sp. nov. LSUHC 14015 Gunung Ledang, Johor, West Malayia OM420658
Gekko hulk sp. nov. LSUHC 7251 Pulau Tulai, Johor, West Malaysia OM420705
Gekko hulk sp. nov. LSUHC 5062 Pulau Tulai, Johor, West Malaysia OM420696
Gekko hulk sp. nov. LSUHC 5063 Pulau Tulai, Johor, West Malaysia OM420697
Gekko hulk sp. nov. LSUHC 3891 Pulau Tulai, Johor, West Malaysia OM420694
Gekko hulk sp. nov. LSUHC 6265 Pulau Tulai, Johor, West Malaysia OM420699
Gekko hulk sp. nov. LSUHC 5064 Pulau Tulai, Johor, West Malaysia OM420698
Gekko hulk sp. nov. LSUHC 6277 Pulau Tulai, Johor, West Malaysia OM420701
Gekko hulk sp. nov. LSUHC 6278 Pulau Tulai, Johor, West Malaysia 0OM420702
Gekko hulk sp. nov. LSUHC 7024 Pulau Tulai, Johor, West Malaysia OM420703
Gekko hulk sp. nov. LSUHC 7257 Pulau Tulai, Johor, West Malaysia OM420706
Gekko hulk sp. nov. LSUHC 6268 Pulau Tulai, Johor, West Malaysia OM420700
Gekko hulk sp. nov. LSUHC 7025 Pulau Tulai, Johor, West Malaysia OM420704
Gekko hulk sp. nov. LSUHC 5061 Pulau Tulai, Johor, West Malaysia OM420695
Gekko hulk sp. nov. LSUHC 6095 Pekan, Pahang, West Malaysia JQ173534
Gekko hulk sp. nov. LSUHC 7264 Pulau Tioman, Pahang, West Malaysia OM420690
Gekko hulk sp. nov. LSUHC 7263 Pulau Tioman, Pahang, West Malaysia OM420689
Gekko hulk sp. nov. LSUHC 4681 Pulau Tioman, Pahang, West Malaysia OM420681
Gekko hulk sp. nov. LSUHC 6278 Pulau Tioman, Pahang, West Malaysia OM420702
Gekko hulk sp. nov. LSUHC 5390 Pulau Tioman, Pahang, West Malaysia OM420683
Gekko hulk sp. nov. LSUHC 7299 Pulau Tioman, Pahang, West Malaysia OM420691
Gekko hulk sp. nov. LSUHC 6284 Pulau Tioman, Pahang, West Malaysia OM420688
Gekko hulk sp. nov. LSUHC 6890 Pulau Tioman, Pahang, West Malaysia IN019055
Gekko hulk sp. nov. LSUHC 5152 Pulau Tioman, Pahang, West Malaysia OM420682
Gekko hulk sp. nov. LSUHC 6283 Pulau Tioman, Pahang, West Malaysia OM420687
Gekko hulk sp. nov. LSUHC 5849 Pulau Tioman, Pahang, West Malaysia OM420685
Gekko hulk sp. nov. LSUHC 5399 Pulau Tioman, Pahang, West Malaysia OM420684
Gekko hulk sp. nov. LSUHC 6260 Pulau Tioman, Pahang, West Malaysia OM420686
Gekko hulk sp. nov. LSUHC 11977 Sungai Bubu, Terengganu, West Malaysia OM420711
Gekko hulk sp. nov. LSUHC 11976 Sungai Bubu, Terengganu, West Malaysia OM420710
Gekko hulk sp. nov. LSUHC 11206 Lata Belatan, Terengganu, West Malaysia OM420663
Gekko cf. albofasciolatus ID 8774 Gunung Mulu, Sarawak, East Malaysia IN019054
Gekko smithii LSUHC 10596 Sedim, Kedah, West Malaysia 0OM420708
Gekko smithii LSUHC 9626 Sedim, Kedah, West Malaysia OM420707
Gekko smithii LSUHC 12690 The Gap, Pahang, West Malaysia OM420712
Gekko smithii LSUHC 14005 The Gap, Pahang, West Malaysia OM420713
Gekko smithii LSUHC 13624 Penang Island, Penang, West Malaysia OM420669
Gekko smithii LSUHC 13625 Penang Island, Penang, West Malaysia OM420670
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Species Cat no. Locality Accession no.
Gekko smithii LSUHC 13626 Penang Island, Penang, West Malaysia OM420671
Gekko smithii LSUHC 13627 Penang Island, Penang, West Malaysia OM420672
Gekko smithii LSUHC 9157 Lata Iskandar, Pahang, West Malaysia OM420667
Gekko smithii LSUHC 9158 Lata Iskandar, Pahang, West Malaysia OM420668
Gekko smithii LSUHC 9153 Lata Iskandar, Pahang, West Malaysia OM420664
Gekko smithii LSUHC 9154 Lata Iskandar, Pahang, West Malaysia OM420665
Gekko smithii LSUHC 9155 Lata Iskandar, Pahang, West Malaysia OM420666
Gekko smithii LSUHC 15041 Perlis State Park, Perlis, West Malaysia OM420673
Gekko smithii LSUHC 15042 Perlis State Park, Perlis, West Malaysia OM420674
Gekko smithii LSUHC 15052 Perlis State Park, Perlis, West Malaysia OM420675
Gekko smithii LSUHC 15053 Perlis State Park, Perlis, West Malaysia OM420676
Gekko smithii LSUHC 6542 Kepong, Selangor, West Malaysia JQ173535
Gekko smithii LSUHC 15084 Kepong, Selangor, West Malaysia OM420662
Gekko smithii none Ulu Gombok, Selangor, West Malaysia FJ487868
Gekko smithii LSUHC 6606 Kepong, Selangor, West Malaysia OM420661
Gekko smithii LSUHC 6564 Kepong, Selangor, West Malaysia OM420660
Gekko smithii none Captive specimen no data IN019057
Gekko smithii LSUHC 15085 (JAM 1712) | Selangor, West Malaysia OM420709

Table 2. Primers used for amplification and sequencing reactions for the ND2 gene and the flanking tRNA’s.

Primer name Primer reference Sequence
L4437 (Macey et al. 1997) EXTERNAL 5’ -AAGCTTTCGGGCCCATACC- 3’
H5934 (Macey et al. 1997) EXTERNAL 5’ -AGRGTGCCAATGTCTTTGTGRTT- 3’

rior probabilities (BPP) of 0.95 and above were consid-
ered highly supported (Huelsenbeck et al. 2001; Wilcox
et al. 2002). After removing the outgroup, MEGA7
(Kumar et al. 2016) was used to calculate uncorrected
pairwise sequence divergence among and within species
using the complete deletion option which removes miss-
ing data and gaps.

Morphological analyses

Morphometric data were taken with Mitutoyo dial cal-
ipers to the nearest 0.1 mm under a Nikon SMZ 1500
dissecting microscope on the left side of the body where
appropriate. Data taken were snout-vent length (SVL),
taken from the tip of the snout to the vent; tail width
(TW), measured at the base of the tail; axillia-groin
length (AG), taken from the posterior margin of the fore-
limb at its insertion point on the body to the anterior mar-
gin of the hind limb at its insertion point on the body;
head length (HL), measured from the posterior margin
of the retroarticular process of the lower jaw to the tip
of the snout; head width (HW), measured at the angle
of the jaws; head depth (HD), measured from the top of
the head posterior to the eyes to the bottom of the lower
jaw; internarial distance (IN), measured across the snout
between the dorsal margins of the external nares; orbital
diameter (OD), the horizontal diameter of the bony or-
bit; eye to ear distance (EE), measured from the anterior
margin of the auricular opening to the posterior margin
of the eyeball; snout-eye length (SE), measured from
anteriormost margin of the eyeball to the tip of snout;

nares-eye length (NE), measured from the anterior mar-
gin of the eyeball to the posterior margin of the external
nares; auricular opening (TD), measured as the horizon-
tal distance of the ear opening; interorbital distance (10),
measured across the narrowest part of the frontal bone
between the orbits; forearm length (FL), measured from
the distal edge of the elbow when flexed 90° to the wrist;
and crus length (CL), measured from the distal edge of
the knee when flexed 90° to the ankle. The tail width
(TW) measured at the base of the tail where it contacts
the body.

Meristic characters evaluated were scales across fron-
tal bone (FS), counted as the number of scales across the
frontal bone at the midline of the orbits; supralabials (SL)
and infralabials (IL) counted from the angle of the jaw
to the rostral and mental scales, respectively; chin scales
(CS), counted as the number of enlarged scales medial
to and contacting the infralabials; ventral scales counted
across the belly between the ventrolateral body folds mid-
way between the limb insertions (VS); midbody scales
counted across the dorsum between the ventrolateral body
folds (MB); paravertebral tubercles (PVT) counted as the
number of longitudinally arranged tubercles between an
imaginary line between the middle of the limb insertions;
longitudinal rows of tubercles (LRT) counted across the
dorsum between the ventrolateral body folds midway
between the limb insertions; subdigital lamellae on the
first (TL1) and fourth (TL4) toes; precloacal pore-bear-
ing scales in males (PP); and cloacal spurs (CSP). Codes
for natural history collections follow Sabaj (2020). Spec-
imens examined and the raw data used in the analyses are
in Table S1.
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Statistical analyses

Seven of the 86 preserved specimens of Gekko smithii
from the Thai-Malay Peninsula used in this study were not
represented in the molecular phylogenetic analyses. These
speciemens were place in a specific mitochondrial lineage
based on their geographic proximity to that lineage. Fol-
lowing this, all individuals were subjected to a Discrimi-
nant Function Analysis (DFA) using the MASS Package
in R (Ripley et al. 2018) based on a concatenated data set
of eight meristic and 14 adjusted (see below) morphomet-
ric characters to assess the probability of the placement
of each individual into a particular mitochondrial lineage
based on geography. DFA uses linear combinations of un-
transformed data to characterize and separate predefined
groups and explicitly attempts to model the differences
between them. The predict() command was used to cal-
culate the posterior probability for lineage membership of
each individual. A second discriminant analysis was per-
formed using the principal component loadings from the
principal component analysis (see below) as a cross-vali-
dation for each individual’s lineage membership.

All characters conformed to parametric test assump-
tions of normality (Shapiro-Wilk test, p < 0.05) and
homogeneity of variances (F-test, p > 0.05). One-way
analyses of variance (ANOVA) were conducted on char-
acters to search for the presence of statistically significant
mean differences (p < 0.05) across the data set. Charac-
ters bearing statistical differences were subjected to a
TukeyHSD post hoc test to ascertain which population
pairs differed significantly from each other for those par-
ticular characters. Boxplots were generated for discrete
meristic characters in order to visualize the range, mean,
median, and degree of differences between species pairs
bearing statistically different mean values and violin plots
with embedded boxplots were generated for continuous
morphometric characters to visualize the same plus the
distribution frequency of the data. All statistical analyses
were performed in R [v3.4.3].

The morphospatial relationships of each species rela-
tive to one another and the clustering of the sampled in-
dividuals were visualized using multivariate ordination
analyses on the appropriate combinations of data (mer-
istic and morphometric). These analyses were employed
as a multivariate assessment to determine if the respec-
tive data sets were morphospatially consistent with one
another and the putative species boundaries delimited by
the molecular phylogenetic analyses and diagnosed and
defined by the univariate analyses (see below). It should
be made clear these are not species delimitation analy-
ses. Principal component analysis (PCA) implemented by
the prcomp() command in R was employed to analyze the
morphometric data. PCA is a dimension reducing analysis
that decreases the complexity of a data set by finding a
subset of input variables that contain the most relevant
information (i.e. the greatest variance in the data) while
de-emphasizing those characters that do not, thus increas-
ing the overall accuracy of the model by eliminating noise
and the potential of overfitting (Agarwal et al. 2007). This
unsupervised analysis (i.e. data points (specimens) are not

a priori assigned to species) that recovers morphospatial
relationships among the sampled individuals (i.e. data
points) and how well they form clusters that may or may
not be aligned with the putative species boundaries delim-
ited by the phylogenetic analyses. To ensure that allometric
biases in the raw data were appropriately removed prior to
analysis, hatchlings were omitted from the data set and the
raw data were adjusted using the following equation: X,
i~log(X)-B[log(SVL)-log(SVL,,.,)], where X ;=adjusted
value; X=measured value; f=unstandardized regression
coefficient for each population; and SVL, ., =overall av-
erage SVL of all populations (Thorpe 1975, 1983; Turan
1999; Lleonart et al. 2000)—accessible in the R package
GroupStruct (available at https://github.com/chankinonn/
GroupStruct). The morphometrics of each species were
adjusted separately and then concatenated prior to analy-
sis so as not to conflate intra- with interspecific variation
(Reist 1985; McCoy et al. 2006).

Discriminant analysis of principal components
(DAPC) from the ADEGENET package in R (Jombart et
al. 2015) was performed on the morphometric data set.
The DAPC is a supervised analysis that places individu-
als from each predefined population into separate clusters
(i.e. plots of points) bearing the smallest within-group
variance that produce linear combinations of centroids
having the greatest between-group variance (i.e. linear
distance; Jombart et al. 2010). DAPC relies on scaled
data from an internal PCA as a prior step to ensure that
variables analyzed are not correlated and number fewer
than the sample size. Dimension reduction of the DAPC
prior to plotting is accomplished by retaining the first set
of PCs that account for approximately 90% of the varia-
tion in the data set (Jombart and Collins 2015) as deter-
mined from a scree plot generated as part of the analysis.
Retaining too many PCs forces false structure to appear
in the data while retaining too few, runs the risk of miss-
ing true structure.

A principal coordinate analysis (PCoA)—conceptually
similar to a PCA—using a Gower (dis)similarity index
was employed on a concatenated meristic and adjusted
morphometric data set. The dissimilarity matrix is used
as the input to the analysis, not the original variables
themselves. Therefore, information concerning the origi-
nal variables cannot be recovered. Because this unsuper-
vised multivariate analysis is based on a (dis)similarity
index constructed from Euclidean distances between data
points, it is appropriate for data sets containing discrete
characters (scale counts) because it does not require the
data to fulfill the assumptions of linearity (as does PCA)
or unimodality (Marhold 2011; Paliy and Shankar 2016),
thus allowing more flexible handling of mixed data sets.
Furthermore, it is insensitive to null values in the data
frame (i.e. missing data) so informative characters such
as precloacal pores, which occur only in males, may not
have to be removed from the analysis.

Non-parametric permutation multivariate analyses of
variance (PERMANOVA) from the VEGAN package in
R (Oksanen et al. 2018) were used a priori to determine
if the centroid locations of each species in the PCoA and
PCA data sets were statistically different (Skalski et al.
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Figure 2. Maximum likelihood topology of the Gekko smithii complex based on 1267 base pairs of ND2 and its flanking tRNAs

with BPP and UFB values, respectively, at the nodes.

2018). The analyses are based on the prior calculation of
the distance between any two data points in a Gower (dis)
similarity matrix from the PCoA data set and a Euclid-
ean (dis)similarity matrix from the PCA data set, using
5000 permutations. The analyses are not based on the
output of the PCoA or PCA and are thus independent of
them. A pairwise post hoc test calculates the differences
between all combinations of species pairs, generating a
Bonferroni-adjusted p-value and an F ratio. p < 0.05 is
considered significant and larger F-ratios indicate more
pronounced group separation. A rejection of the null hy-
pothesis (i.e. centroid positions and/or the spread of the
data points are no different from random) signifies a sig-
nificant difference among groups.

Results

The ML and BI analyses recovered trees with identical
strongly supported topologies delimiting four major lin-
eages separated by relatively long branch lengths that
correspond to distinct geographic regions (Fig. 2). Sur-
prisingly, individuals from the Thai-Malay Peninsula do
not form a monophyletic group but are separated into west

and east peninsular lineages on opposite sides of the Ban-
jaran Titiwangsa that divide the northern three-quarters
of Peninsular Malaysia into eastern and western halves
and to a great extent, separate Peninsular Malaysia from
southern Thailand (Fig. 1). The east peninsular lineage
occurs on at least five east coast islands, the adjacent con-
tinental lowlands, southern Peninsular Malaysia, and Sin-
gapore (Grismer 2011a,b), and is the sister lineage to a
clade of individuals from islands off the west coast of Su-
matra including Nias (a deep-water island) and Tuangku
(of the Banyak Islands) (Fig. 1), and presumably the rest
of Sumatra (see below). The west peninsular lineage is
the sister lineage to the eastern peninsular lineage plus the
Sumatran lineage and occurs on at least two islands off the
west coast of the Malay Peninsula (Grismer 2011b) and
ranges northward through southern Thailand to the Isth-
mus of Kra (Fig. 1). Individuals from Borneo comprise
the sister lineage to all other included G. smithii popula-
tions. Uncorrected pairwise sequence divergences among
all lineages ranges from 2.5% between the Sumatran and
east peninsular lineage to 13.3% between both the Suma-
tran and west peninsular and Bornean lineages. The east
and west peninsular lineages are 4.8% divergent (Table
3). The phylogenies recovered here corroborate the limit-
ed mito-nuclear phylogeny of Rosler et al. (2011) in that
their Bornean sample was recovered as the closest relative
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Table 3. Percent uncorrected pairwise sequence divergence for species of the Gekko smithii complex calculated from 1267 base
pairs of the mitochondrial gene ND2 and flanking tRNAs.

cf. albofasciolatus hulk sp. nov. cf. albomaculatus smithii
cf. albofasciolatus 0.012 0.128 0.133 0.133
hulk sp. nov. 0.128 0.007 0.025 0.048
cf. albomaculatus 0.133 0.025 0.015 0.133
smithii 0.133 0.048 0.133 0.023
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Figure 3. A, PCA and B, DAPC of morphometric data of the species of the Gekko smithii complex. C. Bar plots of PCA loading
scores of PC1-PC3.

to sister lineages from eastern (Pahang and Johor states)  sequenced individuals from the west peninsular lineage
and western (Selangor state) Peninsular Malaysia. with a 99-100% posterior probability (PsP). The only ex-

The DFA and DAPC placed nearly all Thai individ-  ception was THNHM 01841 from the Hala-Bala Wildlife
uals for which there were no sequence data with all the  Sanctuary, Narathiwat in southeastern Thailand which
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Table 5. PERMANOVA summary statistics for the centroid placement between all species pairs from the PCA and PCoA analyses.
Shaded cells denote insignificant adjusted p-values.

Lineage pairs F ratio R? p-value adjusted p-value

PCA statistics
cf. albofasciolatus vs hulk sp. nov. 5.53231 0.11399 0.00014 0.00084
cf. albofasciolatus vs cf. albomaculatus 3.38702 0.23542 0.00411 0.02471
cf. albofasciolatus vs smithii 14.8605 0.26602 2.00E-05 0.00011
hulk sp. nov. vs cf. albomaculatus 13.74370 0.24655 2.00E-05 0.00012
hulk sp. nov. vs smithii 102.01761 0.58624 2.00E-05 0.00012
cf. albomaculatus vs smithii 8.29619 0.17177 6.00E-05 0.00036

PCoA statistics
cf. albofasciolatus vs hulk sp. nov. 1.83536 0.04387 0.04194 0.25163
cf. albofasciolatus vs cf. albomaculatus 1.11739 0.21835 0.50000 1.00000
cf. albofasciolatus vs smithii 6.80440 0.22089 0.00032 0.00191
hulk sp. nov. vs cf. albomaculatus 5.34969 0.11796 0.00018 0.00107
hulk sp. nov. vs smithii 53.62436 0.47194 2.00E-05 0.00011
cf. albomaculatus vs smithii 3.93881 0.14098 0.00046 0.00275

spots on the body of geckos from the west peninsular lin-

9 Zzlz/:;fa:ﬂ?ws $ eage tend to be larger and surround the dorsal tubercles or

@ cf. albomaculatus ° border them posteriorly, whereas in geckos from the east

. @ Q© smithii peninsular lineage, the spots are usually very small and
© ® © restricted to the tubercles and/or border them anteriorly.

e ® (ab Given that the multivariate and univariate diagnoses

© on ® corroborate the geographically structured phylogenetic

2 ® © o delimitation of distinct allopatric mitochondrial lineag-

b ... (©0) %go es within Gekko smithii across prominent biogeographic

g @0 S 5 ©) barriers (i.e. mountain ranges and seaways), we hypothe-

] ...s'. ® 0® @ size these are non-reticulating lineages that should be des-

o @ 0g o @ 08 ignated as separate species. Because Penang Island is the

) y © ® ° type locality for Gekko smithii (Gray 1842), individuals

o ®e0 © Qo in the western peninsular lineage retain that name and a

— (¢} OOQ) e} new name is proposed for the eastern peninsular lineage.

° © . Based on the descriptions of Platydactylus albomacula-

010 ‘ ‘ ‘ ‘ tus Giebel (Giebel, 1861) from Bangka Island, Sumatra,

v Peoa1:47.7% - the specific epithet albomaculatus is available for the Su-

Figure 4. PCoA of concatenated meristic and morphometric ~ matran populations (see discussion below). Based on the

data of species of the Gekko smithii complex. description of Gecko albo-fasciolatus (Giinther, 1867)

from Banjermassin (= Banjarmasin), Kalimantan, Indo-
nesian Borneo (see Rosler et al. 2011), the specific epithet

well-separated in both data sets. Nonetheless, despite  albofasciolatus is available for the Bornean populations

many of these characters having statistically different (see discussion below).

mean values between the eastern and western lineages,

their ranges overlap considerably, rendering them unin-

formative as discretely diagnostic characters. Numeric

and morphometric trends in these characters among all Taxonomy

the lineages are illustrated in Figure 6.

Geckos from the west peninsular lineage have a con-

siderable amount of dark dorsal blotching in the inter-  Gekko smithii Gray, 1842

spaces between the transversely aranged white spots

which often tend to form bands (Fig. 7). Dorsal blotching  Figures 7, 8

is faint to absent in geckos from the east peninsular lin-

eage or appears as fine dark speckling. Geckos from the  Gecko Smithii: Gray 1842:57; Stoliczka 1870:161

west peninsular lineage also have a thin dark nuchal loop  Platydactylus Stentor: Cantor 1847:624

running from the back of one eye to the back of the oth-  Gecko Smithii: Duméril 1856:449; Anderson 1871:150; Miiller

er eye. The nuchal loop is usually absent in geckos from 1882:124

the east peninsular lineage, and if present, it is very faint ~ Gecko Stentor: Giinther 1864:103; Boulenger 1889:143, 1890:103,

and usually does not contact the eyes. The white dorsal 1912:51 (in part); Miiller 1895:832 (in part); Flower 1896:867 (in
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Figure 5. A. Bar graph showing the number of meristic characters bearing statistically significant mean differences between each
species pair. B. Bar graph showing the number of mensural characters bearing statistically significant mean differences between
each species pair.
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White dots are y-axis values. B. Violin plots of mensural characters embedded with boxplots showing the range, frequency, mean
(white dot), and 50% quartile (black rectangle) for each character. Violin plots are vertically oriented mirror-imaged frequency
diagrams.
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part), 1899:634 (in part); Annandale 1906:92; De Rooij 1915:57 (in

SN | —=| =T | D

218521218 part)

DDA | O

S|lo|s| S|~ Gecko Stentor: Theobald 1876:72

Gekko stentor: Brongersma 1934:165

Gekko smithi: Smith 1935:113 (in part); Taylor 1963:803 (in part);
IR Biswas 1984:477 (in part)
o=l = ecko smithii: Mertens 1946:1

Gekko gecko: Biswas and Sanyal 1977:111 (in part)

Gekko smithii: Wermuth 1965:40 (in part); Kluge 1967:135 (in part);
§ % 5 3 § °E Grossmann and Ulber 1990:9; Kluge 1991:10 (in part); Ota et al.
et Rl g = 1991:147; Manthey and Grossmann 1997:234 (in part); Grismer

oyt 2011a:127 (in part), 2011b:469 (in part)

Gekko albofasciolatus: Ota et al. 1991:150 (in part)
alglo|m|x © Gekko (Gekko) smithii: Wood et al. 2020a:7 (in part)
RIS Gekko cf. smithii: Chandramouli et al. 2021:108 (in part)
S|IS|S|e|o|T

Non-technical books, field guides, and pockets guides are
not listed

Diagnosis. Gekko smithii sensu stricto herein after referred
to as G. smithii unless noted otherwise can be separated
from all other species of Gekko in the G. smithii species
complex by having the combination of a maximum SVL
of 191.1 mm, 11-17 supralabials, 9—14 infralabials, 3—6
internarial scales, 19-26 frontal scales, 4-9 chin scales,
94-137 midbody scales, 17-23 paravertebral tubercles,
8—11 longitudinal rows of tubercles, 23—-35 ventral scales,
15-20 1st toe subdigital lamellae, 19-24 4th toe lamellae;
13—-15 precloacal pores in males (absent in females); en-
larged subcaudal scales; thin, white nuchal band at base
of occiput composed of closely spaced spots; thin dark
nuchal band contacting the eyes; large white ocelli sur-

cf. albomaculatus-hulk sp. nov.

cf. albomaculatus-ct. albofasciolatus
smithii-cf. albofasciolatus

smithii-cf. albomaculatus

Paravertebral tubercles (PVT)
cf. albofasciolatus-hulk sp. nov
smithii-hulk sp. nov.

| @S| —= |||~
§_ § N §_ § 2 rounding dorsal tubercles or bordering them posteriorly in
six or seven transverse rows; and a thick dark reticulum to
diffuse banded dorsal pattern (Tables 9, 10).
2192|528 Distribution. Gecko smithii f thern Thai
gleiggla g istribution. Gecko smithii ranges from southern Thai-
S|=| === land south of the Isthmus of Kra from at least Khao
Phanom Bencha National Park in Krabi and Khao Nan
- National Park in Nakhon Si Thammarat Province to the
51319 § g N northern border of the Banjaran Titiwangsa in southeast-
DN |en o - . .
TlTITISIS T ern Thailand and northwestern Peninsular Malaysia. Its
range continues southward along the west side of the
Banjaran Titiwangsa to at least the state of Selangor but
< § @ 28 @ very likely farther as well (Figs 1, 7).
S22 e 2 Stoliczka (1870) reports “Gecko Smithii” from Java
TS| T[22 T

based on a juvenile specimen (SVL 86.3 mm) specimen
sent to him but not collected by him. However, his de-
scription of the color pattern is well within the range
of variation of both G. smithii and G. gecko. Stoliczka
(1870) stated his specimen had 12 longitudinal rows of
“small flattened sub-equal granules [=longitudinal rows
of dorsal tubercles], slightly varying in size on the pos-
terior part of the body and especially at the sides”. The
dorsal tubercles of species in the smithii complex are
distinctly raised and sub-conical in adults but less so in
juveniles. Furthermore, of the 93 specimens of the smithii
complex examined here, only one specimen from Bor-
neo had 12 rows dorsal tubercles. The others ranged from
8—11. Awal Riyanto (pers com. in lit. 2021) says he nor

cf. albomaculatus-cf. albofasciolatus

cf. albofasciolatus-hulk sp. nov.
cf. albomaculatus-hulk sp. nov.
smithii-cf. albofasciolatus
smithii-cf. albomaculatus

smithii-hulk sp. nov.

Supralabials (SL)
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Figure 7. Distribution and color pattern variation in Gekko smithii and G. hulk sp. nov. on the Thai-Malay Peninsula. A. Gekko
smithii (LSUHC 15052) from Perlis State Park, Perlis, Peninsular Malaysia. B. Gekko smithii (LSUDPC 12884) from Puncak Ja-
ning, Kedah, Peninsualr Malaysia. C. Gekko smithii (LSUHC 9626) from Sedim, Kedah, Peninsular Malaysia. D. Gekko smithii
(LSUDPC 12869) from Penang Hill (type locality), Penang, Peninsular Malaysia. E. Gekko smithii (LSUDPC 12886) from Lata
Kedondong, Selangor, Peninsular Malaysia. F. Gekko smithii (LSUDPC 12887) from Kota Damansara, Selangor, Peninsular Malay-
sia. G. Gekko smithii (LSUDPC 11174) from Khaopu Khaoya, Nakhon Si Thamarat Province, Thailand. H. Gekko smithii (LSUDPC
11173) from Bacho Falls, Narathiwat Province, Thailand. 1. Gekko smithii (LSUDPC 12878) from the Weang District, Narathiwat
Province, Thailand. J. Gekko hulk sp. nov. (LSUDPC 12880) from the Hala-Bala Wildlife Sanctuary, Narathiwat Province, Thai-
land. K. Gekko hulk sp. nov. (LSUHC 8696) from Pulau Perhentian Besar, Terengganu, Peninsular Malaysia. L. Gekko hulk sp. nov.
(LSUDPC 7991) from Gunung Tebu, Terengganu, Peninsular Malaysia. M. Gekko hulk sp. nov. (LSUDPC 12897) from Merapoh,
Pahang, Peninsular Malaysia. N. Gekko hulk sp. nov. (LSUDPC 12897) from Pulau Tioman, Pahang, Peninsular Malaysia. Photo-
graphs by L. Lee Grismer (A, K, L, N), Evan S. H. Quah (B, C, D), Kurt H. P. Guek (E), Steven Wong (F), Henrick Bringsee (G, H);
Parinya Pawangkhanant (I), lan Dugdale (J), and Nick Baker (M). Unannotated circles denote localities of specimens or photographs
examined here or verified from other publications as well as vouchered samples in the literature.

any of his colleagues working in Java have ever seen G.  believe reports of G. smithii from Java stem from the pos-
smithii. Photographic material and specimens we have  sible misidentification of this species by Stoliczka (1870)
examined from Java cataloged as G. smithii in the Zoo-  as no new naturally occurring populations have been re-
logical Museum Amsterdam, now officially part of Nat-  ported or observed to our knowledge. The less likely sce-
uralis Biodiversity Center in Leiden, are G. gecko. We  nario exists, however, that Stoliczka described a juvenile
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Figure 8. Geographic variation in Gekko smithii (A—G) and G. hulk sp. nov. (H-M). A. Gekko smithii (LSUDPC 12899) from Ulu
Yam, Selangor, Peninsular Malaysia. B. Gekko smithii (LSUHC 4959) from Pulau Pangkor, Perak, Peninsular Malaysia. C. Gekko
smithii (LSUDPC 12898) from Ulu Yam, Selangor, Peninsular Malaysia. D. Gekko smithii (LSUDPC 12895) from Kota Damansara,
Selangor, Peninsular Malaysia. E. Gekko smithii (LSUDPC 12903) from Bukit Panchor, Penang, Peninsular Malaysia. F. Gekko
smithii (LSUDPC 12902) from Ulu Yam, Selangor, Peninsular Malaysia. G. Gekko smithii (THNHM 01844) from Phu Pha Phet,
Satun, Province, Thailand. H. Gekko hulk sp. nov. (LSUDPC 12912) from Lata Kekabu, Setiu, Terengganu, Peninsular Malaysia.
L. Gekko hulk sp. nov. (LSUDPC 8696) from Endau-Rompin, Johor, Peninsular Malaysia. J. Gekko hulk sp. nov. (LSUDPC 12953)
from the Hala-Bala Wildlife Sanctuary, Narathiwat Province, Thailand. K. Gekko hulk sp. nov. (LSUHC 5152) from the Tekek-Juara
Trail, Pulau Tioman, Pahang, Peninsular Malaysia. L. Gekko hulk sp. nov. (LSUHC 5873) from Kota Tinggi, Peninsular Malaysia.
M. Gekko hulk sp. nov. (LSUDPC 12955) from Hutan Lipur Sekayu, Terengganu, Peninsular Malaysia. Photographs by Kurt H. P.
Guek (A, C, D, F), L. Lee Grismer (B, K, L), Evan S. H. Quah (E, H), Michael Cota (G, J), M. A. Muin (I) and Syed A. Rizal (M).

G. albomaculatus from Bangka island, Indonesia as he
notes “I have also added a complete description of the
rare Gecko smithii, Gray, a specimen of which was sent to
me from Java, and that of what appears to be a full grown
specimen of Tetragonosoma [Lycodon] effrene, CANT.,
from the island Banca.” The ambiguity in this sentence
could mean these two species were sent to him from Java
but were collected on Bangka Island.

Stoliczka (1870) reported Gekko smithii (as Gecko
stentor) from the coastal cities of Chittagong, Bangladesh
and Akyab (= Sittwe = Sittway, Rakhine [Arakan] State),
Myanmar which was followed by Theobald (1876), An-
nandale (1906), Boulenger (1912), and Taylor (1963).
Smith (1935) stated “I do not know of any specimens to
prove that this Gecko inhabits Burma, as has been stated.”
Ota et al. (1991) examined a specimen (MCZ 3120) pu-
tatively from “Burma: Rangoon” (=Myanmar, Yangon).
MCZ has no other data on this specimen and the only spe-
cies of Gekko we have seen in Yangon and throughout all
of Myanmar over the last five years of field work has been
Gekko gecko. Furthermore, the herpetological surveys in

Myanmar by the California Academy of Sciences (Www.
calacademy.org/research/herpetology/myanmar)  which
resulted in the collection of over 14,000 specimens, found
no Gekko smithii. We do not consider this species as part
of the Burmese herpetofauna. However, the type mate-
rial of Gekko gecko azhari Mertens, 1955 from Barkal,
Chittagong Hill Tracts, Bangladesh does bear some re-
semblance to G. smithii in head shape, gular scales, and
dorsal tubercle shape (Rosler 2001). Mahony et al. (2009)
reported on 23 additional specimens from throughout the
Chittagong Division that they considered G. g. azhari.

Variation in color pattern. The dorsal body tubercles
of Gekko smithii from northernmost Peninsular Malaysia
and Thailand north of the Kangar-Pattani Line (generally
running from Gunung Jerai, Kedah, Peninsular Malaysia
to Songkhla, Songkhla, Thailand) are surrounded by a
large white ocellus whereas in southern populations, the
ocelli are smaller and may only border the tubercles pos-
teriorly (Figs 7, 8). Although the latter creates a general
resemblance to G. hulk sp. nov., the small white spots in
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G. hulk sp. nov., when not confined to the tuber-
cles, tend to border them anteriorly. Although not
as adept at substrate matching as G. gecko (see Figs
374-378 in Grismer 2011a), considerable variation
has been observed wherein some individuals of G.
smithii from Penang and Selangor states have very
faded dark dorsal markings (Fig. 8F). Although
rare, other geckos from Selangor state may resem-
ble east peninsular lineage geckos in lacking a dark
nuchal loop and having a darkly speckled dorsum
(Fig. 8C). Iris color can also range from turquoise
to lime green in the same population (Figs 8A, 8D)
and along with ground color (which can vary from
yellow to dark gray (Figs 8B, 8E)), is not a diag-
nostic character (contra Grossmann 2006). See Ta-
bles 9 and 10 for variation in morphology.

Natural history (adapted from Grismer
2011a,b). Gekko smithii is an arboreal noctur-
nal species that is well-established in all types of
primary and secondary forests. It is particularly
well-suited for inhabiting occupied and abandoned
human dwellings along forest edges where it is
most easily observed. In forested habitats, geck-
os occur on the trunks of large trees and boulders
from where males are commonly heard calling
during the day and early in the evening.

Gekko albofasciolatus (Giinther 1867)

Rosler et al. (2011) and Wood et al. (2020a) con-
sidered Gekko albofasciolatus a valid species
within G. (Gekko). Rosler et al. (2011) provide a
detailed history of the taxonomy G. albofaciola-
tus which is best repeated here in its original form:
“In the original description of Gecko albo-fascio-
latus (= Gekko albofasciolatus), Glinther (1867)
only provided a vague type locality Polynesia
with a question mark. Smith (1935) subsequently
stated ‘type loc. unknown, probably Malay Archi-
pelago.” Later, Wermuth (1965) wrote ‘Polynesia’
as the type locality with the addition (fide Smith
1935), that the species probably occurs in the In-
do-Australian Archipelago. According to Giinther
(1872), G. smithii occurs in the north of Borneo
(Labuan, now Sabah) and G. albofasciolatus in
the South (Banjermassin, Martapoura). We here-
in restrict the type locality of G. albofasciolatus
to Banjermassin (= Banjar-masin), Kalimantan,
Indonesia. While commenting on G. albofascio-
latus, Giinther (1872:589) stated that he received
three specimens from Dr. Bleeker from Borneo
under different names (Platydactylus pentonopus,
Platydactylus borneensis, and Hemidactylus zos-
terophorus). From Giinther’s (1872) footnotes it
is obvious that he allocated all of Bleeker’s speci-
mens to G. albofasciolatus. Of Bleeker’s species,
only Platydactylus borneensis had been recorded
from Borneo. The names P. borneénsis (= P. born-
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Table 8. Summary statistics of the adjusted morphometric data. sd = 1 standard deviation. N = sample size. Character abbreviations are in the Materials and methods.
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eensis) and H. zosterophorus were introduced by
Bleeker (1857) without formal species descriptions
(see also Bleeker 1860). The type locality of Platy-
dactylus borneensis (non Pentadactylus borneensis
Giinther, 1864 = Aeluroscalabotes felinus Glinther,
1864; non Tarentola borneensis Gray, 1845 = Taren-
tola delalandii Duméril & Bibron, 1836) is ‘Band-
jermasin’ and the type locality of Hemidactylus
zosterophorus is ‘Padang (ook op Nias)’. In his crit-
ical review of Bleeker’s type specimens, Boulenger
(1887) did not consider the taxa Platydactylus born-
eensis and Hemidactylus zosterophorus. According
to Bauer (1994), both names are species inquirenda
and Kluge (2001) listed them as nomina nuda (see
also Rosler 2000). Therefore, the names Platydac-
tylus borneensis Bleeker, 1857 and Hemidactylus
zosterophorus Bleeker, 1857, which are according
to Giinther’s (1872) statements younger, subjective
synonyms of Gekko albofasciolatus Giinther, 1867,
are not available. The same concerns Giinther’s
(1872) name Platydactylus pentonopus. Bouleng-
er (1885) synonymized G. albofasciolatus with G.
smithii (see also Wermuth 1965; Kluge 1991, 1993;
Bauer 1994; Résler 2000). De Rooij (1915) obvi-
ously also followed Boulenger (1885), because she
listed the distribution of G. albofasciolatus based
on Giinther (1872) under the species G. smithii. Re-
cently, Kluge (2001) revalidated G. albo-fasciolatus
at the specific rank, but Malkmus et al. (2002) and
Das (2004) did not consider G. albofasciolatus as
part of the Bornean herpetofauna.”

Gtinther (1867) noted that Gekko albofasciolatus
had a reddish-olive dorsum marbled with grayish
and a uniformly whitish venter. Specimens with a
reddish-olive dorsum with gray marbling also oc-
cur in Sabah (Fig. 9E) and preserved material ex-
amined from western and eastern Borneo all have
uniform whitish venters, although in life, some have
faint-yellow marbling which presumably fades after
preservation. Giinther (1867) also noted his speci-
men had “a narrow horseshoe-shaped band across
the neck, the convexity being directed backwards”.
This is clearly in reference to the nuchal band which
was not present in specimens we examined or in
photographs we acquired (Fig. 9). Contra to Das
(2004, 2007), all Bornean specimens we examined
had the characteristic dark Y-shaped marking on the
head common to G. smithii and geckos of the eastern
peninsular lineage (Figs 7, 8, 9). Grossmann (2006)
illustrated a specimen from eastern Kalimantan (i.e.
eastern Borneo) with a brown vertebral stripe and
small white dorsal flecks. All adult Bornean speci-
mens examined herein, have small white flecks and
variable degrees of dorsal striping and ground color
(Fig. 9). Therefore, dorsal color pattern is not a reli-
able character separating populations from Borneo
west of the Iran Mountains and populations east of
the Iran Mountains. Rosler et al. (2011) noted that
northern Bornean populations might be different on
the basis of Giinther’s G. albofasciolatus (eastern
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Gunung Mulu

Pulau Natuna Besar

€
.

Pulau Serasan

Banjarmasin

Figure 9. Distribution and color pattern variation in Gekko albofasciolatus and G. cf. albofasciolatus in Borneo A. LSUDPC
12916 from Gunung Mulu, Sarawak, East Malaysia. B. LSUDPC 12918 from Gunung Mulu, Sarawak, East Malaysia. C. LSUDPC
12919) from Kelay Subdistrict, Kalimantan, Indonesia. D. LSUDPC 1293 from Kalimantan, Indonesia. E. LSUDPC 12949 from
Kinabatangan River, Sabah, East Malaysia. F. LSUDPC 12924 from Lambir, Sarawak, East Malaysia. G. LSUDPC 12925 from
Lambir, Sarawak, East Malaysia. H. LSUDPC 12929 from Gunung Gading, Sarawak, East Malaysia. Unannotated circles denote
localities of specimens or photographs examined here or verified from other publications as well as vouchered samples in the liter-
ature. Photographs by Alan Watson www.alanwatsonfeatherstone.com (A), Wolfgang Grossmann (B, H), C. J. Franklin (C), Mistar
Kamsi (D), Chien C. Lee (E), and Nick Baker (F,G).
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Table 9. Summary statistics of the meristic data. sd = 1 standard deviation. N = sample size. Character abbreviations are in the Materials and methods.
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Borneo) having 26 rows of ventral scales versus 29-39
in G. smithii s.I. However, specimens examined from
northern Borneo (N = 7) have 23-33 scale rows and a
specimen examined from eastern Kalimantan at Kelay
(Fig. 9C) has 27 scale rows. Therefore, at this point, other
than the spotted nuchal band, there are no morphological
or color pattern differences between G. albofasciolatus
populations east of the Iran Mountains and populations
west of the I[ran Mountains (i.e. from the Malaysian states
of Sarawak and Sabah and the Sultanate of Brunei). The
molecular data clearly indicate that the Bornean samples
from Sarawak are not conspecific with G. smithii s.s. or
any other lineage (Fig. 2). Therefore, the name albofas-
ciolatus, is available for Bornean populations. Howev-
er, owing to an absence of molecular data from eastern
populations, all populations west of the Iran Mountains
are referred to as G. cf. albofasciolatus pending the out-
come of a molecular analysis. We believe this approach
is justified based on the fact that the Banjaran Titiwangsa
of Peninsular Malaysia separate G. smithii and the east
peninsular lineage and the Iran Mountains may be doing
the same with populations from Borneo. Investigations
on Bornean populations are currently underway (Grismer
et al. unpubl.)

Resurrection of Gekko albomaculatus
(Giebel, 1861)

Figure 10

Platydactylus albomaculatus: Giebel 1861:58; Boulenger 1889:143;
Miiller 1941:188

Gecko stentor: Boulenger 1885:185 (in part); 1890:103 (in part); de
Rooj 1915:57 (in part)

Gecko fascoilatus: Boettger 1886:256

Gekko stentor: Brongersma 1934:165 (in part)

Gekko smithii: Ota, Hikida, and Matsui 1991:150 (in part); Kluge
1991:10 (in part), 2001:11 (in part); Ota and Nabhitabhata 1991:503
(in part); Grossmann and Mudrack 2004:627 (in part); Koch, Mc-
Guire, Arida, Riyanto, and Hamidy 2009:172 (in part); Rosler, Bau-
er, Heinicke, Greenbaum, Jackman, Nguyen, and Ziegler 2011:10
(in part)

Non-technical books, field guides, and pockets guides are
not listed

Gray (1842) described Gecko Smithii from “Prince of
Wales’ Island” (= Penang Island, Penang, Peninsular Ma-
laysia). Cantor (1847)—apparently unaware of Gray’s
previous description—created the junior synonym, Platy-
dactylus Stentor, by describing additional material from
“Pinang” (the Malay and Thai phonetic spelling of Pen-
ang) Island. Giebel (1861) described three new species of
Platydactylus, one of which was P. albomaculatus from
“Insel Bangka” (= Bangka Island, Bangka Belitung Prov-
ince, Sumatra, Indonesia). Based on the descriptions of
Gray (1842) and Cantor (1847), Giinther (1864) removed
Cantor’s P. Stentor from the genus Platydactylus and
placed it in the genus “Gecko ”. Glinther (1864), however,
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made no mention of P. albomaculatus, and thus that name
remained valid and his taxonomy was followed by sev-
eral prominent authors of the time (e.g. Boulenger 1889,
1890, 1912; Miiller 1895 first report from Sulawesi; Flow-
er 1896, 1899; de Rooij 1915 and Smith 1930). Boettger
(1886) synonymized Gecko Stentor Cantor from “Insel
Nias” with (Gecko) fasciolatus (sic) Giinther (1867). Ad-
ditionally, Stoliczka’s (1870) description of a specimen
from Java as Gecko Smithii was most likely based on a
specimen of Gekko gecko. It wasn’t until Smith (1935)
stated “Gray’s description of Gekko smithi, brief though
it is, cannot well apply to any other Gecko coming from
Penang; I therefore reinstate his name, which has priori-
ty over stentor.” that Platydactylus Stentor formally be-
came recognized as a junior synonym of G. smithi. Smith
(1935) stated that G. smithi ranged throughout the Malay
Peninsula as far north as Pattani [Thailand] and the Malay
Archipelago. Grossmann and Ulber (1990) reverted to the
original spelling of the specific epithet “smithii” following
Mertens (1946).

Comparing the short description of the two syntypes
of Platydactylus albomaculatus by Giebel (1861) and the
slightly more detailed redescription of a lectotype (the
larger of the two syntypes) by Miiller (1941), we cannot
differentiate them from the specimens examined from Su-
matra, islands off the west coast of Borneo, or G. smithii.
They can be putatively separated from the eastern penin-
sular lineage by the male having 15 precloacal pores as
opposed to 613 (n=16) and having dark blotching on the
body as opposed to its absence or reduction to fine speck-
ling (Fig. 10G). Miiller (1941) noted that the lectotype
had a dark-brown horseshoe-shaped band on the back of
the head running from eye to eye that was bordered poste-
riorly by a row of moderately large white blotches. Only
some Sumatran specimens have a dark nuchal band and
the white blotches are often fused, forming a thin white
band that is unique to specimens from Sumatra and its
adjacent islands (Fig. 10). Bangka Island is Indonesia’s
ninth largest island and lies less than 15 km off the south-
eastern coast of Sumatra from where G. “smithii” have
been reported (e.g. de Rooij 1915; Fig. 10). The seaway
between Bangka Island and mainland Sumatra is less than
25 m deep and these landmasses had broad intermittent
subaerial connections with one another, Peninsular Ma-
laysia, and Borneo over the last 10 million years (Hall
2013). Nonetheless, lacking sequence data from topotyp-
ic material and mainland Sumatra, the possibility exists,
however unlikely, that the Bangka Island population is
not conspecific with other Sumatran populations. The
molecular data clearly indicate that the Nias and Ban-
yak Islands populations are not G. smithii or any other
lineage. Therefore, based on current geography and geo-
graphic history, we refer to these insular populations and
mainland Sumatran populations as G. cf. albomaculatus.
Investigations on these populations are currently under-
way (Grismer et al. unpubl.).

yes
yes
yes
no

verreauxi
155
11-13
10-14
golden

green
no

stoliczkai
128.4
1315
no
yes
10-12
yes

smithii
191
13-15

no
yes
8-11
yes
turquoise/green
no

siamensis
150
10-13
no
yes
16-19
yes
green
no

reevesi
173
13-20
no
no
12-18
no
gold/copper/
olive/brown
no

17-22
no
yes
14
yes
red

nutaphandi
117
no

hulk sp. nov.

161.3
6-13

no

yes
9-11

yes

turquoise/green

no

gecko
185
12-16
no
no
9-18
no
gold/copper/
olive/brown
no

no
yes

alblomaculatus
157.4
11-17
9-11
yes
green
yes

albofasciolatus
165.1
13-15
no
yes
9-12
yes
green
no

Table 10. Diagnostic character states (shaded cells) separating Gekko hulk sp. nov. from the other species of G. (Gekko). Data on G. gecko, G. nutaphandi, G. reevesi, G. siamensis, G. stoliczkai, and G.

verreauxi come from Grossmann and Ulber (1990), Ota and Nabhitabhata (1991), Bauer et al. (2008), Rosler et al. (2011), and Chandramouil et al. (2021).

occiput scales smaller than

snout scales
solid, thin, white nuchal

precloacal pores (males)
rostral scale contacting
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longitudinal rows of
subcaudals enlarged
band

max SVL
tubercles

iris color
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Banka lsland
type locality

Martin-Luther-Universitat
Halle /Wittenberg

“a

Figure 10. Distribution and color pattern variation in Gekko albomaculatus and G. cf. albomaculatus in Sumatra A. LSUDPC
12933 from Gunung Leuser NP, North Sumatra, Sumatra, Indonesia. B. LSUDPC 12934 (JAM 10261) from Pulau Nias, Sumatra,
Indonesia. C. LSUDPC 12940 from Andalas University, Sumatra Barat, Sumatra, Indonesia. D. LSUDPC 12944 from Kecamatan
Ngambur, Lampung, Sumatra, Indonesia. E. LSUDPC 12952 from Sum, Sumatra, Indonesia. F. LSUDPC 12924 from Sumber
Rejio, Bengkuat Belimbing, Sumatra, Indonesia. G. Syntypes of G. albomaculatus from Banka Island, Sumatra, Indonesia. Unan-

notated circles denote localities of specimens or photographs examined here or verified from other publications as well as vouchered
samples in the literature. Photographs by Andrea Molyneaux (A), Jimmy A. McGuire (B), Eric N. Smith (C, E), C. J. Franklin (D),
Photo from Creative Commons Attribution Share Alike (F), and Frank Tillack (G).

Gekko hulk sp. nov.
Figures 7, 11, 12, 13

Gecko Stentor: Boulenger 1889:184 (in part), 1912:51 (in part); Miiller
1895:832 (in part); Flower 1896:867 (in part), 1899:634 (in part);
Laidlow 1901:306; de Rooij 1915:57 (in part)

Gekko smithi: Smith 1935:113 (in part); Taylor 1963:803 (in part); Jef-
fery 1997:145

Gekko smithii: Grossmann and Ulber 1990:9 (in part); Kluge 1991:10
(in part); Ota et al. 1991:147 (in part); Manthey and Grossmann
1997:234 (in part); Lim and Lim 1999: 143; Hien et al. 2001:14;
Grismer et al. 2004:252; Grismer et al. 2002:27; Grismer et al.
2004:252; Grossmann and Tillack 2004:45, 2005:58; Grismer et al.
2006:160; Grismer 2011a:127 (in part), 2011b:469 (in part); Shahru-
din 2013:83 (in part)

Gekko albofasciolatus: Kluge 1991:10 (in part)
Gekko albomaculatus: Kluge 1991:10 (in part)
Gekko sp. Rosler et al. 2011:11

Gekko (Gekko) smithii: Wood et al. 2020a:7 (in part)

Non-technical books, field guides, and pockets guides are
not listed

Holotype. Adult male LSUHC 6284 from the Tekek-
Juara trail on Pulau Tioman, Pahang, Peninsular Malaysia
(2.821021°N 104.179596°E; 462 m) collected by Jesse
L. Grismer, Perry L. Wood, Jr., and L. Lee Grismer on 2
July 2004.

Paratypes. All paratypes are from Peninsular Malaysia
and were collected by various personnel from La Sierra
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LSUHC
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6282

LSUHC
5062

10585 2.6014

LSUHC
7694

Figure 11. Type series of Gekko hulk sp. nov. from Peninsular Malaysia.

University, Universiti Sains Malaysia, Universiti Kabang-
saan Malaysia, and the Department of Wildlife and Na-
tional Parks Malaysia. Adult female LSUHC 6283 bears
the same data as the holotype. Adult females LSUHC
5152 and 5399 from the upper Tekek-Juara trail on Pu-
lau Tioman, Pahang (2.821021°N 104.179596°E; 462 m)
collected on 3 March 2003. Adult female LSUHC 7026
from Pulau Tulai, Johor (2.909920°N 104.105315°E;
11 m) collected on 14 September 2004. Adult male
LSUHC 5062 from Pulau Tulai, Johor (2.909920°N
104.105315°E; 11 m) collected on 17 August 2002.
Adult male LSUHC 7648 from Endau-Rompin, Peta,
Visitor center, Johor (2.530818°N 103.414191°E; 42 m)
collected on 25 August 2005 by Perry L. Wood, Jr., Kin
Onn Chan, and L. Lee Grismer. Adult female LSUHC
7649 and 7651 from Endau-Rompin, Peta, Visitor cen-
ter, Johor (2.530818°N 103.414191°E; 42 m) collect-
ed on 25 August 2005 by Perry L. Wood, Jr., Kin Onn
Chan, and L. Lee Grismer. Adult female LSUHC 7694
from Endau-Rompin, Peta, Sungai Semawak, Johor
(2.529150°N 103.401173°E; 36 m) collected on 29 Au-
gust 2005 by Perry L. Wood, Jr., Kin Onn Chan, Nor-
hayati Ahmad, and L. Lee Grismer. Juvenile female
LSUHC 10585 from Gunung Ledang, Johor (2.529150°N
103.401173°E; 36 m) collected on 31 May 2008, collec-
tor unknown 2008. Juvenile female LSUHC 9959 from
Gunung Lambak, (2.029934°N 103.353323°E; 255 m).

Juvenile male ZRC 2.6014 from FRIM, Pasoh, Negeri
Sembian (2.968545°N 102.297043°E; 255 m) collected
on 27 November 2008. Adult male LSUHC 1197 from
Sungai Bubu, Terengganu (4.997105°N 102.953106°E;
174 m) collected on 1 September 2009 by L. Lee Grismer
and Kin Onn Chan.

Diagnosis. Gekko hulk sp. nov. can be separated from all
other species of Gekko in the G. smithii species complex
by having the combination of a maximum SVL of 161.3
mm, 10-15 supralabials, 9—13 infralabilas, 3—5 internar-
ial scales, 1324 frontal scales, 4—8 chin scales, 84—110
midbody scales, 16-21 paravertebral tubercles, 9-11 lon-
gitudinal rows of tubercles, 22-28 ventral scales, 14-19
Ist toe subdigital lamellae, 18-24 4th toe lamellae; 6—13
precolacal pores in males (absent in females); subcau-
dals enlarged; thin, white nuchal band at base of occiput
composed of closely spaced spots; thin dark nuchal band
absent or faded and never contacting eyes; small white
ocelli confined to dorsal tubercles or their anterior margin
in six or seven transverse rows; and no thick dark reticu-
lum on body (Tables 9, 10).

Description of holotype (Fig. 12). Adult male SVL
147.5 mm; head moderate in length (HL/SVL 0.28),
width (HW/HL 0.65), somewhat flattened, distinct from
neck, triangular in dorsal profile; lores concave slightly
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anteriorly, weakly inflated posteriorly; prefrontal region
concave; canthus rostralis rounded; snout elongate (SE/
HL 0.41), rounded in dorsal profile; eye large (OD/HL
0.26), pupil vertical, margins crenulated; ear opening el-
liptical, obliquely oriented, moderate in size; eye to ear
distance slightly less than diameter of eye; rostral rectan-
gular, bordered posteriorly by large left and right supra-
nasals and smaller azygous postrostral, bordered laterally
by first supralabials; external nares seated anteriorly in
nasal scale bordered anteriorly by rostral, dorsally by
large anterior and smaller posterior supranasals, posteri-
orly by three small postnasals, ventrally by first and sec-
ond supralabials; five internasals; 12 (R,L) rectangular
supralabials, first supralabial slightly larger than second;
12(R) 10(L) infralabials tapering smoothly to angle of
jaw; scales of rostrum and lores flat, larger than flat scales
on top of head and occiput; scales of occiput intermixed
with distinct, small tubercles; superciliaries elongate,
largest dorsally; mental not enlarged, subtriangular, bor-
dered laterally by first infralabials and posteriorly by left
and right trapezoidal postmentals contacting medially for
60% of their length posterior to mental; one row of slight-
ly enlarged, elongate chin scales extending posteriorly to
fifth (R) and sixth (L) infralabial; gular and throat scales
small, flat, juxtaposed, grading posteriorly into larger,
smooth, imbricate, pectoral scales which grade into larg-
er ventral scales.

Body slightly flattened, relatively long (AG/SVL 0.51)
with well-defined ventrolateral folds; dorsal scales small,
flat, juxtaposed, interspersed with larger, smooth subcon-
ical, regularly arranged tubercles; 110 longitudinal rows
of scales at midbody; 17 paravertebral tubercles, those at
midbody surrounded by 9—12 smaller scales; 10 longitu-
dinal rows of tubercles at midbody; body tubercles extend
from occiput onto base of tail forming transverse rows,
terminating near end of original tail; smaller tubercles in
temporal and postocular regions; 25 longitudinal rows
of flat, imbricate, ventral scales much larger than dorsal
scales between body folds; and eight large, pore-bearing,
precloacal scales.

Forelimbs moderately robust, relatively short (FL/SVL
0.13); large, imbricate scales of upper arm and anterior
surface of forearm larger than those on posterior surface
which are interspersed with large tubercles; palmar scales
flat, subimbricate; digits well-developed, inflected at pen-
ultimate interphalangeal joints, arising from digital pad;
subdigital lamellae wide, transversely expanded forming
digital pad; claws well-developed, claw base sheathed
by a dorsal and lateral scale; digit I clawless; hind limbs
more robust than forelimbs, moderate in length (CL/SVL
0.16), covered anteriorly by large, flat, imbricate scales,
dorsally and posteriorly by much smaller flat, juxtaposed
scales interspersed with large, subconical tubercles; ven-
tral scales of hind limbs large, flat, imbricate, abruptly
contacting small postfemoral scales; femoral pores ab-
sent; plantar scales flat, subimbricate; digits well-de-
veloped, inflected at penultimate interphalangeal joints,
arising from digital pad; distal subdigital lamellac wide,
transversely expanded forming digital pad; 15 transverse
lamellae beneath digit I, 19 transverse lamellae beneath

digit IV; claws well-developed, claw base sheathed by a
dorsal and lateral scale; digit I clawless; small amount of
webbing between digits [-1V.

Tail original, 139.0 mm in length, tapering to a point;
dorsal scales flat, square, bearing transverse rows of
six large, subconical tubercles; tubercle rows separated
by six or seven transverse rows of dorsal scales; large,
paired, median, transversely expanded subcaudal scales;
and base of tail bearing hemipenal swellings, each with
two conical postcloacal tubercles.

Color pattern (Figs 11, 12). Ground color of all dorsal
surfaces yellowish-brown bearing slightly darker faint
mottling; top of head bearing small white spots and
dark-colored, diffuse Y-marking; thin white nuchal band
composed of closely spaced spots extends from one ear
opening to other, edged anteriorly by faint, dark-colored
nuchal band running between postocular regions; incom-
plete series of obliquely aligned, small white spots imme-
diately anterior to forelimb insertions parallel the white
nuchal spots; series of five rows of transversely arranged,
widely separated, small white spots between limb inser-
tions, another between hind limb insertions; white spots
on body generally confined to tubercles or border them
anteriorly; limbs bearing incomplete, thin white bands;
white spots on base of each digit and one or two more on
each digit; venter beige, mottled with faint dark-colored
markings, weakest in gular region, most dense in subcau-
dal region; and center of iris gold, transitioning distally to
green then turquoise.

Variation (Figs 7, 8). Color pattern variation in Gekko
hulk sp. nov. is not as extensive as that in G. smithii. The
hue and intensity of the ground color changes from day to
night and is generally lighter and less bold during evening
hours. The description here is of the daytime coloration.
The dorsal ground color in life can be dark brownish
green, light-green, tan or yellowish brown. There are no
thick, dark-colored reticulations on the dorsum although
some specimens have faint, brown markings. The white
dorsal spots are small and typically confined to the tuber-
cles although in some specimens they may border the tu-
bercles anteriorly or both. The light-colored caudal bands
can vary in both width and boldness. In one specimen
from Pulau Tioman (LSUHC 5152; Fig. 8K), the white
nuchal spots form a solid band as in G. albomaculatus.
The color pattern of hatchlings and juveniles is more
boldly marked. Variation in morphology is presented in
Tables 11 and 12.

Distribution. Gekko hulk sp. nov. ranges from at least the
southeastern corner of southernmost Thailand in the Ha-
la-Bala Wildlife Sanctuary, Narathiwat Province, south-
ward east of the Banjaran Titiwangsa through Peninsular
Malaysia to Singapore. It approaches the west coast of
Peninsular Malaysia south the Banjaran Titiwangsa at
Gunung Ledang, Johor. It is known from the east coast
islands of Perhentian Besar and Redang, Terengganu in
the north and from the islands of Tulai and Jahat, Johor
and Tioman, Pahang in the south (Figs 1, 7).
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Figure 12. Holotype of Gekko hulk sp. nov. (LSUHC 6284) from the Tekek-Juara Trail, Pulau Tioman, Pahang, Peninsular Malay-
sia. A. Top of head. B. Gular region. C. Dorsum. D. Precloacal region and ventral surfaces of the hind limbs and tail. E. Complete
dorsal view. F. Complete ventral view.
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Table 12. Meristic data of the type series of Gekko hulk sp. nov. from Peninsular Malaysia. Abbreviations are in the Materials and

methods.
Locality LSUHC cat. no. Sex SL IL FS CS | MB | PVT | LRT | VS | TL1 | TL4 | PP | CSP
Pulau Tioman holotype 6284 M 12 10 18 6 110 17 10 25 15 19 8 4
Pulau Tioman 5399 F 14 12 21 5 104 18 10 22 17 21 0 4
Pulau Tioman 6283 F 14 11 18 6 95 18 10 26 16 20 0 4
Pulau Tioman 5152 F 12 10 18 5 91 17 10 21 16 21 0 4
Pulau Tioman 7263 F 15 13 18 6 90 16 9 22 18 22 0 2
Pulau Tioman 6890 M 14 12 19 7 98 19 11 27 17 21 7 4
Pulau Tioman 5151 M 14 12 21 6 109 19 10 23 19 24 8 4
Pulau Tioman 4681 M 15 12 20 5 91 20 10 21 16 20 7 6
Pulau Tioman 5390 F 13 11 17 7 106 21 11 26 17 21 0 4
Pulau Tioman 7299 F 14 11 18 6 105 19 10 27 15 19 0 2
Pulau Tioman 6260 F 14 11 21 7 108 21 11 32 17 21 0 4
Pulau Tioman 5849 M 13 11 22 7 91 21 11 22 16 21 6 4
Pulau Tioman 7264 F 12 9 20 5 93 17 11 26 16 21 0 4
Pulau Tulai 4694 F 13 11 19 8 104 17 9 27 19 23 0 2
Pulau Tulai 6282 M 13 11 18 6 101 19 10 24 16 20 10 4
Pulau Tulai 7026 F 12 10 21 6 98 18 10 25 17 21 0 2
Pulau Tulai 4697 F 12 10 17 6 98 18 11 27 16 20 0 4
Pulau Tulai 6278 F 13 11 18 6 102 17 10 24 17 21 0 2
Pulau Tulai 5063 F 13 11 17 6 99 17 10 25 16 20 0 4
Pulau Tulai 5062 M 13 11 20 5 106 18 10 27 15 19 6 2
Pulau Tulai 6265 F 13 11 21 7 109 19 10 28 17 21 0 2
Pulau Tulai 6277 F 14 12 19 6 106 17 10 26 17 22 0 2
Pulau Tulai 7025 M 14 12 23 6 96 17 10 24 19 22 9 2
Pulau Tulai 7257 F 13 11 20 7 95 18 9 23 16 20 0 2
Pulau Tulai 3891 F 13 11 20 5 102 18 10 26 18 22 0 2
Pulau Tulai 5059 F 14 12 22 6 104 18 10 25 16 21 0 2
Pulau Tulai 7024 M 14 12 21 6 100 20 10 24 17 21 8 4
Pulau Tulai 5061 F 14 11 19 6 98 19 10 27 17 21 0 2
Pulau Tulai 3990 M 13 10 22 6 104 21 10 23 17 20 9 3
Pulau Tulai 5060 M 13 10 15 7 92 18 10 26 19 23 9 4
Pulau Tulai 7251 F 13 11 21 5 101 19 11 29 19 22 0 4
Endau Rompin 7649 F 14 9 20 8 191 19 11 32 16 20 0 4
Endau Rompin 7694 F 13 11 18 6 102 18 10 29 15 19 0 4
Endau Rompin 7651 M 13 11 19 5 105 16 11 26 18 22 10 4
Endau Rompin 7702 F 10 10 13 4 89 19 9 23 16 20 0 0
Endau Rompin 7650 F 13 10 20 5 87 19 10 26 15 19 0 2
Endau Rompin 7648 M 13 10 21 7 95 19 11 30 14 18 11 6
Gunung Lambak 9959 M 13 10 18 6 84 18 10 24 16 20 10 0
Gunung Ledang 10585 F 14 11 24 5 89 18 10 23 16 21 0 2

Contact zone with Gekko smithii (Fig. 7). As noted
above, the DFA placed THNHM 01841 from the Ha-
la-Bala Wildlife Sanctuary, Waeng District, Narathiwat,
Province, Thailand in Gekko cf. albomaculatus with
a 79.5% PsP and in G. smithii with a 20.2% PsP. The
DAPC placed it in G. smithii with a 100% PsP. THNHM
01841 bears the color pattern of the northern populations
of G. smithii having white ocelli surrounding the tuber-
cles (e.g. Figs 71, 8G) although the ocellei are somewhat
reduced in width (Fig. 13). However, photographs of
two other specimens from the Hala-Bala Wildlife Sanc-
tuary that were not examined, have the typical G. hulk
sp. nov. color pattern with small white spots generally
restricted to the tubercles (LSUDPC 12880 and 12953;
Figs 7] and 8J, respectively). Examination of a speci-

men of G. smithii from Pa Phru Sirinthorn Research
Station, Su-ngai Kolok District, Narathiwat (THNHM
01844) and a photograph of another specimen of G.
smithii from Waeng, Narathiwat (LSUDPC 12877, Fig.
71) approximately 32 km and 13 km to the north of the
Hala-Bala Wildlife Sanctuary, respectively, also have the
typical northern G. smithii color pattern. Both the DFA
and DAPC placed THNHM 01844 in G. smithii with a
100% PsP. These data indicate the G. smithii and G. hulk
sp. nov. are very likely to be sympatric in the Hala-Bala
Wildlife Sanctuary and that the color pattern of THN-
MH 01841 may be the result of hybridization. A genomic
data set is currently being developed to further investi-
gate this contact zone.
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Figure 13. THNHM 01841 from the Hala-Bala Wildfife Sanctuary, Narathiwat Province, Thailand. Photographs by Michael Cota.

Etymology. The specific epithet “hulk” is a noun in ap-
position in reference to “The Incredible Hulk”, who is
a fictional character and superhero created by Stan Lee
and artist Jack Kirby in 1962 and appears in the Marvel
Comics publications. When angry, The Incredible Hulk
becomes a large, green-skinned, muscular beast possess-
ing great physical strength and a very aggressive temper-
ament—all characteristics of Gekko hulk sp. nov.

Comparisons. Wood et al. (2020a) erected the subgenus
Gekko (Gekko) based on the phylogenetic relationships
of the holotype of G. hulk sp. nov. (LSUHC 6284) and
its inferred close relationship to the generotype species
G. gecko (Rosler et al. 2011) in order to contain the spe-
cies G. albofasciolatus; G. gecko (Linnaeus, 1758); G.
nutaphandi Bauer, Sumontha, and Pauwels, 2008; G.
reevesii (Gray, 1831); G. siamensis Grossmann and Ul-
ber, 1990; G. smithii s.s.; and G. verreauxi Tytler, 1864.
To this we add G. albomaculatus, G. hulk sp. nov., and
G. stoliczkai. Although several authors have used dorsal
ground color as a diagnostic character (e.g. Rosler et al.
2011; Otal et. al. 1991), it is too variable in all species to
be of diagnostic significance (see above). Chandramouli
et al. (2021) noted several statistically significant differ-
ences in meristic and morphometric characters between
G. smithii s.1. and G. stoliczkai. No data or formal anal-
ysis has ever been forwarded to argue that Gekko taylori
Ota and Nabhitabhata, 1991 is a junior synonym of G. si-
amensis. Thus, the former remains in G. (Gekko) pending
the outcome of current investigations (Grismer unpubl).
Gekko hulk sp. nov. can be separated from other spe-
cies of the subgenus G. (Gekko) by a number of discrete
characters (Table 10). Gekko hulk sp. nov. differs from
G. gecko and G. smithii by having a much smaller max-
imum SVL (161.3 versus 185.0 and 191.0, respectively)
and from G. nutaphandi (SVL 117.0) and G. stoliczkai
(SVL 128.4) by having a larger maximum SVL. It differs
from G. verreauxi by having the rostral scale in contact
with the external nares as opposed to them being separat-
ed by a small scale. Gekko hulk sp. nov. differs from G.
gecko and G. reevesi by having occipital scales and those

on the top of the head smaller than the scales on the ros-
trum as opposed to them being the same size and having
enlarged versus small subcaudal scales. It differs from G.
reevesi by having 9—11 versus 12—18 longitudinal rows
of dorsal tubercles. Male G. hulk sp. nov. differ from G.
albofasciolatus, G. nutaphandi, G. reevesi, G. smithii, and
G. stoliczkai in having fewer precloacal pores (6—13) as
opposed to 13-15, 17-22, 13-20, 13-15, and 13-15, re-
spectively. Gekko hulk sp. nov. has a turquoise/green iris
which separates it from G. gecko and G. reevesi that have
a gold/copper to olive/brown iris, from G. nutaphandi
which has a bright-red iris, and from G. verreauxi which
has a golden iris. It differs from G. albomaculatus by not
having a thin, white, solid nuchal band (except for one
specimen from Pulau Tioman). Gekko hulk sp. nov. differs
from G. albofasciolatus by having as opposed to lacking
a white nuchal band. Gekko hulk sp. nov. differs from G.
smithii in that the small white dorsal spots, if not confined
to the tubercles, tend to border them anteriorly, whereas in
G. smithii, the dorsal tubercles are surrounded by a large
white ocellus in northern populations and the smaller
ocelli in the southern populations only tend to border the
tubercles posteriorly. Gekko hulk sp. nov. has a number
of significantly different mean meristic and morphomet-
ric values as well as significantly different morphospatial
placement that separate it from G. albofaciolatus, G. al-
bomaculatus, and G. smithii (Figs 3—6; Tables 6-9).

Natural history. Much like other species of Gekko (Gek-
ko), G. hulk sp. nov. is an arboreal nocturnal species that
is well-established in all types of primary and secondary
forests as well as buildings on forest edges. We observed
lizards 3—4 m above the ground on the trunks of large
trees on Gunung Tebu (Fig. 14) and heard males calling
in the afternoon. On Pulau Tioman, we observed individ-
uals 4-5 m above the ground on tree trunks, in tree cav-
ities, and on cement light poles. On Pulau Tulai, lizards
were seen on trees during the day but collected off the
metal stair railing at night. On Perhentian Besar, geckos
occur is high densities and are more common on granite
boulders where they take refuge between boulders and in
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Figure 14. Microhabitats of Gekko hulk sp. nov. on Peninsular Malaysia. A. Granite boulder microhabitat on Pulau Perhentian
Besar, Terengganu. B. Forest microhabitat of the type locality along the Tekek-Juara Trail, Pulau Tioman, Pahang. Strangler Fig
microhabitat along Sungai Mentawak, Pulau Tioman, Pahang. Photographs by L. Lee Grismer.

rock cracks. Lizards are far less common on tree trunks.
Grismer (2011b) reports finding eggs attached to the un-
dersides of boulders on Pulau Perhentian Besar during
September and a gravid female was collected during July
on Pulau Tioman.

Discussion

Several integrative taxonomic analyses of Peninsular Ma-
laysian genera and species across a number of taxonomic
groups have consistently found the Banjaran Titiwang-
sa to be an effective geographic barrier separating sister

clades and sister species (Grismer et al. 2013, 2014a,b,
2015, 2018a,b, 2019; Chan et al. 2017, 2018; Wood et al.
2020b). Therefore, it is not surprising that a lineage such
as the Gekko smithii complex that had not been examined
in depth since its description in 1842, shows the same
biogeographic pattern. Also, the relationships of several
Peninsular Malaysian taxa such as G. hulk sp. nov. being
more closely related to Sumatran lineages as opposed to
other Peninsular Malaysian or Bornean lineages is also
not uncommon (Loredo et al. 2013; Matusi et al. 2014,
2019; Chan et al. 2016, 2017, 2018, 2020; Harvey et al.
2016; Grismer and Davis 2018; O’Connell et al. 2018,
2019). The shared episodic environmental fluctuations
of these major Sundaic landmasses since the Miocene
accounts for a plethora of overlapping and distinct com-
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binations of concordant phylogeographic patterns across
a broad range of taxa (de Bruyn et al. 2013, 2014 and
references therein). When the results from integrative
taxonomic analyses of more groups become available—
especially those that include the vast number of unstud-
ied lineages from Sumatra (Eric Smith pers. com. in lit.
2017) and Indonesian Borneo—these patterns will likely
become even more commonplace.
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