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Abstract

A new species of gekkonid, Hemiphyllodactylus gengmaensis sp. nov., is described
based on six specimens from Gengma Dai and Wa Autonomous County, Yunnan, China.
The new species can be distinguished from its congeners by a significant genetic di-
vergence of greater than 9.7% in the mitochondrial ND2 gene and a combination of the
following characters: a maximum SVL of 43.24mm; 8 or 9 chin scales; six circumnasal
scales; 2 or 3 internasal scales; 9—11 supralabial scales; 8 or 9 infralabial scales; 11-18
dorsal scales; 8—10 ventral scales; a manual lamellar formula of 5-5-5-4 or 5-6-5-4
and a pedal lamellar formula of 5-5-6-5; 20-25 precloacal and femoral pore-bearing
scales contiguous in males; dark postorbital stripes or striping on body; dark dorsal
transverse blotches present; and a brown postsacral mark bearing anteriorly projecting
arms. The discovery of this new species brings the number of Hemiphyllodactylus spe-
cies in Chinato 15.

Key words: Gengma Dai and Wa Autonomous County, Hemiphyllodactylus gengmaensis
sp. nov., integrative taxonomy, molecular phylogeny, slender gecko

Introduction

Species of the genus Hemiphyllodactylus Bleeker, 1860 are small nocturnal
geckos (SVL < 63 mm) distributed in South Asia, Southeast Asia, South China,
and the Indo-Pacific region (Zug 2010; Grismer et al. 2013, 2018a; Agarwal et
al. 2019; Eliades et al. 2019; Agung et al. 2021, 2022). Furthermore, all Hemi-
phyllodactylus are well camouflaged, occur in low densities, are forest-dwell-
ing, and have small populations (Zug 2010; Grismer et al. 2013, 2018a;
Agarwal et al. 2019; Eliades et al. 2019; Agung et al. 2021, 2022). Hence,
Hemiphyllodactylus was considered to a low-diversity taxon (Zug 2010) until
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Grismer et al. (2013) revealed its high diversity using integrative taxonomy. In
the following decade, the number of species within the group has increased
from 12 to 54 (Uetz et al. 2023).

In China, Hemiphyllodactylus species have also been overlooked. The first
species of slender geckos known from China is Gehyra yunnanensis (Bouleng-
er, 1903), then “Smith revised its taxonomic status, placing it in the genus Hemi-
phyllodactylus” (Zug 2010). Zhou et al. (1981) recognized three subspecies of
H. yunnanensis based on the digital lamellae patterns of specimens collected
in Yunnan, Guizhou, and Guangxi Zhuang Autonomous Region, China: H. y. du-
shanensis Zhou & Liu, H. y. jinpingensis Zhou & Liu, and H. y. longlingensis Zhou
& Liu. However, for the subsequent 32 years, most of Chinese slender geckos
were regarded as simply H. yunnanensis, until Grismer et al. (2013) elevated
these three subspecies to full species rank. Subsequently, nine additional spe-
cies were incrementally recorded from China: H. zugi Nguyen, Lehmann, Le
Duc, Duong, Bonkowski & Ziegler, 2013; H. changningensis Guo, Zhou, Yan & Li,
2015; H. huishuiensis Yan, Lin, Guo, Li & Zhou, 2016; H. hongkongensis Sung,
Lee, Ng, Zhang & Yang, 2018; H. zayuensis Jiang, Wang & Che, 2020; H. dupan-
glingensis Zhang, Qian & Yang, 2020; H. zhutangxiangensis Agung, Grismer,
Grismer, Quah, Chornelia, Lu & Hughes, 2021; H. simaoensis Agung, Chornelia,
Grismer, Grismer, Quah, Lu, Tomlinson & Hughes, 2022; and H. yanshanensis
Agung, Chornelia, Grismer, Grismer, Quah, Lu, Tomlinson & Hughes, 2022. The
fourteenth species, H. typus Bleeker, 1860, as a widely distributed species, its
actual coordinate data for distribution in China is unavailable (Agung et al.
2021; Uetz et al. 2023). According to recent genus-wide molecular phylogenet-
ic studies, all Hemiphyllodactylus species in China belong to the typus group,
and they are divided into four clades (Grismer et al. 2013, 2014a, 2014b, 2017,
2018a, 20204, 2020b; Ngo et al. 2014; Agung et al. 2021, 2022): both clade
3 (H. longlingensis, H. zhutangxiangensis, H. zayuensis, and H. changningen-
sis) and clade 4 (H. jinpingensis and H. simaoensis) of Agung et al. (2022)
colonized China from western Indochina, and both clade 6 (H. dushanensis,
H. hongkongensis, H. dupanglingensis, H. zugi, H. huishuiensis, and H. yanshan-
ensis) and clade 7 (H. yunnanensis) of Agung et al. (2022) colonized China
from eastern Indochina.

During our herpetological survey in Banxing Village, Gengma Dai and Wa
Autonomous County, Yunnan, China, we collected six specimens belonging to
the genus Hemiphyllodactylus. These specimens are distinguished from known
species of Hemiphyllodactylus based on molecular and morphological data.
Therefore, we describe them as a new species below.

Materials and methods
Sampling

Six specimens were collected from in Banxing Village, Gengma Dai and Wa
Autonomous County of Yunnan Province in China on 15 May 2014 (Fig. 1). All
specimens were preserved in 80% ethanol, and their muscle and liver tissues
were preserved in 95% ethanol. Specimens were deposited in Kunming Insti-
tute of Zoology (KIZ), Chinese Academy of Sciences (CAS).
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Figure 1. Distribution map of the genus Hemiphyllodactylus in Yunnan Province, China.

Molecular data and phylogenetic analyses

We used Trelief Hi-Pure Animal Genomic DNA Kit for genomic DNA extraction
following the manufacturer's protocol (https://www.tsingke.com.cn). We am-
plified and sequenced the complete mitochondrial NADH dehydrogenase sub-
unit 2 gene (ND2), totaling 1,038 bp useing the primers L4437b and H5934
(Macey et al. 1997). The protocol for polymerase chain reaction (PCR) amplifi-
cations followed Agung et al. (2021). Genomic DNA extraction, PCR processes,
and sequencing were executed at Beijing Tsingke Biotechnology Co., Ltd. All
specimen sequences have been deposited in GenBank, with accession num-
bers from PP540021 to PP540025 .
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Table 1. List of specimens used for phylogenetic analyses in this study.

Species
H. harterti
H. harterti
H. indosobrinus
H. flaviventris
H. flaviventris
H. flaviventris
H. flaviventris
H. flaviventris
H. arakuensis
H. aurantiacus
H. aurantiacus
H. jnana
H. jnana
H. jnana
H. jnana
H. kolliensis
H. kolliensis
H. zwegabinensis
H. pinlaungensis
H. pinlaungensis
H. pinlaungensis
H. kyaiktiyoensis
H. kyaiktiyoensis
H. kyaiktiyoensis
H. kyaiktiyoensis
H. khlonglanensis
H. khlonglanensis
H. khlonglanensis
H. khlonglanensis

H. zhutangxiangensis
H. zhutangxiangensis
H. zhutangxiangensis
H. zhutangxiangensis
H. zhutangxiangensis

H. longlingensis

H. longlingensis

H. longlingensis

H. longlingensis

H. zalonicus
changningensis
changningensis
changningensis
changningensis
changningensis
changningensis
changningensis
H. changningensis
H. gengmaensis sp.
H. gengmaensis sp.
H. gengmaensis sp.
H. gengmaensis sp.
H. gengmaensis sp.

TT T T T T

nov.
nov.
nov.
nov.
nov.

GenBank no.

KF219760
KF219761
JN393935
MG322161
MG322162
MG322163
MG322164
MG322165
MK570109
MK570110
MK570111
MK570112
MK570113
MK570114
MK570115
MK570116
MK570117
MT028174
MT028166
MT028167
MT028168
MT028146
MT028147
MT028148
MT028149
MG322153
MG322154
MG322155
MG322156
MW962150
MW962151
MW962152
MW962153
MW962154
FJ971045
FJ971046
FJ971047
FJ971048
MW039150
ON676073
ON676074
ON676075
ON676076
ON676077
ON676078
ON676079
ON676080
PP540023
PP540024
PP540022
PP540021
PP540025

Locality
Bukit Larut, Malaysia
Bukit Larut, Malaysia
Champasak, Pakxong, Laos
Chanthaburi, Thailand
Chanthaburi, Thailand
Chanthaburi, Thailand
Chanthaburi, Thailand
Chanthaburi, Thailand
Araku, Visakhapatnam District, Andhra Pradesh, India
Yercaud, Salem District, Tamil Nadu, India
Yercaud, Salem District, Tamil Nadu, India
Bangalore, Karnataka, India
Bangalore, Karnataka, India
Bangalore, Karnataka, India
Bangalore, Karnataka, India
Kolli Hills, Namakkal, Tamil Nadu, India
Kolli Hills, Namakkal, Tamil Nadu, India
Zwegabin Mountain, Kayin State, Myanmar
Pinlaung City, Shan State, Myanmar
Pinlaung City, Shan State, Myanmar
Pinlaung City, Shan State, Myanmar
Mon State, Myanmar
Mon State, Myanmar
Mon State, Myanmar
Mon State, Myanmar
Kamphaeng Phet, Thailand
Kamphaeng Phet, Thailand
Kamphaeng Phet, Thailand
Kamphaeng Phet, Thailand
Zhutangxiang town, Lancang Lahu, Yunnan, China
Zhutangxiang town, Lancang Lahu, Yunnan, China
Zhutangxiang town, Lancang Lahu, Yunnan, China
Zhutangxiang town, Lancang Lahu, Yunnan, China
Zhutangxiang town, Lancang Lahu, Yunnan, China
Longyang District, Baoshan, Yunnan, China
Longyang District, Baoshan, Yunnan, China
Longyang District, Baoshan, Yunnan, China
Longyang District, Baoshan, Yunnan, China
Zalon Taung National Forest, Ban Mauk, Sagaing, Myanmar
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Yongde County, Yunnan, China
Gengma Dai and Wa Autonomous County, Yunnan, China
Gengma Dai and Wa Autonomous County, Yunnan, China
Gengma Dai and Wa Autonomous County, Yunnan, China
Gengma Dai and Wa Autonomous County, Yunnan, China
Gengma Dai and Wa Autonomous County, Yunnan, China
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Voucher information

LSUHC 10383
LSUHC 10384
FMNH 258695
ZMKU TM001204N
ZMKU TM001205N
ZMKU TM001206N
ZMKU TM001207N
ZMKU TM001208N
BNHS 2275
AK 237
AMB s.n.

CES G174
CES G173
CYLO1
CES G470
CES G138
AK 276
LSUHC 14184
LSUHC 14263
LSUHC 14264
LSUHC 14265
LSUHC 14030
LSUHC 14031
LSUHC 14032
LSUHC 14033
ZMKU TMO000999N
ZMKU TM001000N
ZMKU TMOO01001N
ZMKU TM001002N
KIZ061163
KlZ061164
KIZ061165
KIZ061166
KlZ061167
isolate N30
NJNUhOO0104
isolate N32
isolate N33
ZMMU R 16635
KIZ 061990
KIZ 061991
KIZ 061992
KIZ 061993
KIZ 061994
KIZ 061995
KIZ 061996
KIZ 061997
2014002297
2014002298
2014002299
2014002300
2014002302
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A total of 47 ND2 sequences from GenBank, containing 2 ND2 sequences of
outgroup taxa (Hemiphyllodactylus harterti Werner, 1900) and 45 sequences of
extant Hemiphyllodactylus species, was downloaded; these with our five new
sequences are listed in Table 1. Sequences were assembled and manual proof-
read in SeqMan (DNASTAR, Inc., Madison, WI, USA), then aligned using Clustal
W (Thompson et al. 1994) implemented in MEGA 7 (Kumar et al. 2016). For
phylogenetic relationships analysis, we considered maximum likelihood (ML)
and Bayesian inference (Bl) using IQ-TREE v. 2.2.0 (Nguyen et al. 2015) and
MrBayes v. 3.2.7a (Ronquist et al. 2012) in the Phylosuite application (Zhang
D et al. 2020; Xiang et al. 2023), respectively. After alignment, we used Gblock
0.91b (Talavera and Castresana 2007) to remove misaligned positions. Mod-
elFinder v. 2.2.0 (Kalyaanamoorthy et al. 2017) was used to select the best-fit-
ting model of evolution based on the Bayesian Information Criterion (BIC). A
maximum-likelihood (ML) analysis was conducted using TPM+F+G4 as the
best-fit substitution model for codon position one, TPM+F+G4 for position two,
and TIM+F+G4 for position three. We applied 1,000 bootstrap pseudoreplicates
with the ultrafast bootstrap approximation algorithm (UFBoot) (Agung et al.
2021), where nodes having values 95 and above were considered highly sup-
ported (Minh et al. 2013). A Bayesian-inference (Bl) analysis was conducted
using GTR+I+G+F model following the methods by Agung et al. (2021), except
that instead of discarding 10% of the trees, we discarded the first 25% of the
sampled as burn-in. Nodes with Bayesian posterior probabilities (BPP) of 0.95
and above were considered highly supported (Huelsenbeck et al. 2001; Wilcox
et al. 2002). Uncorrected pairwise divergences were calculated using MEGA 7
(Kumar et al. 2016).

Morphological data

Mensural data were taken with a digital calipers to the nearest 0.01 mm under
a dissecting microscope (Jiangnan XTB-01) following Zug (2010), Grismer et
al. (2013), and Agung et al. (2021): snout-vent length (SVL), taken from the
tip of the snout to the vent; tail length (TL), taken from the vent to the tip of
the tail; trunk length (TrunkL), taken from the posterior margin of the forelimb
at its insertion point on the body to the anterior margin 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; eye diameter (ED), the
greatest horizontal diameter of the eyeball; snout-eye length (SnEye), mea-
sured from anterior-most margin of the eyeball to the tip of snout; nares—eye
length (NarEye), measured from the anterior margin of the eyeball to the pos-
terior margin of the external nares; and snout width (SnW), measured between
the external nares.

For meristic characters and color pattern, we measured and evaluated them
according to the methods of Agung et al. (2021).

Results

Our results of ML and Bl analyses were similar to those obtained by Agung et
al. (2021): the specimens from Gengma County were recovered as members
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Figure 2. Maximum-likelihood consensus tree based on 1038 bp mitochondrial ND2 gene. Numbers by the nodes indi-

cate ML bootstrap support values.

of Clade 3 in both ML and Bl analyses (Figs 2, 3), which includes Hemiphyllo-
dactylus longlingensis, H. zalonicus, H. changningensis, and H. zhutangxian-
gensis. The mean percentage of uncorrected pairwise distance between the
Gengma County specimens and H. changningensis is 9.7% (Table 2). Further-
more, the new species also could be distinguished from its congeners by body
proportions, CN, VS, Lamellar formulae hands and feet 1I-V, SL1T and total
number of femoroprecloacal pores. Therefore, we describe them here as a

new species.
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Hemiphyllodactylus jnana MK570114

——— Hemiphyllodactylus zwegabinensis MT028174

1 Hemiphyllodactylus pinlaungensis MT028166
-[ Hemiphyllodactylus pinlaungensis MT028168

Hemiphyllodactylus pinlaungensis MT028167

Hemiphyllodactylus kyaiktiyoensis MT028147
Hemiphyllodactylus kyaiktiyoensis MT028146
Hemiphyllodactylus kyaiktiyoensis MT028149
Hemiphyllodactylus kyaiktiyoensis MT028148

Hemiphyllodactylus khlonglanensis MG322156
Hemiphyllodactylus khlonglanensis MG322154
Hemiphyllodactylus longlingensis F3971045
Hemiphyllodactylus longlingensis FJ971048
Hemiphyllodactylus longlingensis F3971047
Hemiphyllodactylus longlingensis FJ971046
Hemiphyllodactylus zhutangxiangensis MW962154
1| ' Hemiphyllodactylus zhutangxiangensis MW962151
Hemiphyllodactylus zhutangxiangensis MW962153
Hemiphyllodactylus zhutangxiangensis MW962152
Hemiphyllodactylus zhutangxiangensis MW962150
—— Hemiphyllodactylus zalonicus MW039150

411“
. Hemiphyllodactylus khlonglanensis MG322153
—k Hemiphyllodactylus khlonglanensis MG322155

1

Hemiphyllodactylus changningensis ON676079
Hemiphyllodactylus changningensis ON676073
Hemiphyllodactylus changningensis ON676077
Hemiphyllodactylus changningensis ON676076

Hemiphyllodactylus gengmaensis sp. nov. 2014002298
! Hemiphyllodactylus gengmaensis sp. nov. 2014002302
Hemiphyllodactylus gengmaensis sp. nov. 2014002299
Hemiphyllodactylus gengmaensis sp. nov. 2014002297
1 Hemiphyllodactylus gengmaensis sp. nov. 2014002300
Hemiphyllodactylus changningensis ON676080
Hemiphyllodactylus changningensis ON676078
Hemiphyllodactylus changningensis ON676075
1
Hemiphyllodactylus changningensis ON676074

Figure 3. Phylogenetic tree by Bayesian inference based on 1038 bp mitochondrial ND2 gene. Numbers by the nodes

indicate posterior probability values of the BI.

Taxonomic account

Hemiphyllodactylus gengmaensis sp. nov.
https://zoobank.org/16760DC6-5331-4742-A5FE-FD3F6E42DAC8

Figs 4,5

Material. Holotype. 2014002302, adult female, collected by Hong Hui on 15
May 2014 from Banxing Village, Gengma Dai and Wa Autonomous County, Yun-
nan, China (23.517°N, 98.925°E, at an elevation of 664 m).
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Table 2. The mean percentage of the uncorrected p—distance among the Hemiphyllodactylus species studied based on
mitochondrial ND2 gene fragments.

Species name (n) 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. H. longlingensis (4) -
2. H. khlonglanensis (4) 250 -
3. H. flaviventris (5) 417 349 -
4. H. arakuentris (1) 354 | 352 | 33.1 -
5. H. aurantiacus (2) 373 339 306 269 -
6. H. jnana (4) 36.6 351 | 30.1 204 171 -
7. H. kolliensis (2) 341 345 304  21.8 16.5 | 10.0 -
8. H. kyaiktiyoensis (4) 27.3 1 203  36.3  41.3  39.2 | 350 36.7 -
9. H. pinlaungensis (3) 28.7 | 231 | 444 | 4471 381 | 36.6 37.7  13.1 -
10. H. zwegabinensis (1) 25.6 | 231 399 425 379 371 36.0 17.7 | 21.6 -
11. H. zalonicus (1) 16.1 1 17.8  40.2  29.3 | 350 328 327 220 252 257 -
12. H. zhutangxiangensis (5) 219 19.2 | 388 | 30.2 334 31.0 282 249 | 264 | 269 16.6 -
13. H. changningensis (8) 233 230 385 351 363 354 344 258 283 27.0 145 222 -

14. H. gengmaensis sp.nov. (5) | 19.8 | 22.7 | 37.3 | 322 ' 31.2 | 322 345 245 263 247 115 191 | 97 03

Paratypes. 2014002297, 2014002298, 2014002299, adult females,
2014002300, 20140022301, adult males, collected at the same locality as the
holotype on 15 May 2014.

Diagnosis. Hemiphyllodactylus gengmaensis sp. nov. can be distinguished
from its congeners by the combination of the following characters: maximum
SVL of 43.24 mm; 89 chin scales; enlarged postmentals; 6 circumnasal scales;
2-3 internasal scales; 9-11 supralabial scales; 8-9 infralabial scales; 11-18
dorsal scales; 8-10 ventral scales; a manual lamellar formula of 5-5-5-4 or
5-6-5-4 and a pedal lamellar formula of 5-5-6-5; 20-25 precloacal and
femoral pore-bearing scales contiguous in males. dark postorbital stripes or
striping on body; dark dorsal transverse blotches; and a brown postsacral mark
bearing anteriorly projecting arms.

Description of holotype. Adult female, SVL 38.52 mm; head triangular in dor-
sal profile, depressed, distinct from neck (HL 10.80 mm; HW 7.36 mm); lores
flat; snout short (SnEye 3.94 mm; SnEye/HL 36%), narrow (SnW 1.78 mm; SnW/
HW 24%); eye large (ED 2.12 mm; ED/HL 20%); rostral scale wider than high,
bordered posteriorly by two large supranasals and three internasals (IS); nares
bordered anteriorly by rostral scale, ventrally by first and second supralabial
scale, dorsally by supranasal scale, posteriorly by three postnasals; supralabi-
als square, 10/9 (left/right), tapering from rostral to a point in line with posterior
margin of orbit (SL); infralabials square, 9/9 (left/right), tapering from mental to
a point in line with posterior margin of orbit (IL); scales on head small, rounded,
largest on rostrum; mental triangular, eight chin scales touching internal edges
of infralabials from juncture of the second and the third on left and right and
mental scale (Chin); scales in gular region rounded, non-overlapping, becom-
ing larger and more ovoid on venter. Robust body type and small, (TrunkL/SVL
45%), dorsoventrally compressed; dorsal body scales small, granular, 18 dor-
sal scales at midbody contained within one eye diameter; ventral body scales
smooth and flat, much larger than dorsal scales, subimbricate, 10 ventral
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Figure 4. Hemiphyllodactylus gengmaensis sp. nov. A holotype, 2014002302, dorsal view in alcohol B holotype,
2014002302, ventral view in alcohol C paratype, 2014002301, dorsal view in alcohol.

scales at midbody contained within one eye diameter; granular scales on the
limbs; finger | is vestigial, clawless, and with rectangular subdigital lamellae,
while fingers 1I1-V are well developed; the proximal subdigital lamellae are undi-
vided and rectangular, while the distal subdigital lamellae are divided, angular,
U-shaped, except for the terminal lamellae, which are rounded and undivided;
the forefoot and hindfoot digital formulae are unidentifiable; white cloacal spur
present, one on each side. Tail length (TL/SVL = 73%), with dorsal scales on the
tail larger than those on the body and head, but smaller than the subcaudals.
The ventral scales are large and flat.

Coloration in ethanol. The dorsal surface of head and body is light brown;
dark brown stripes extend from the posterior corner of the eye socket to the
neck; the back is covered with irregular, dark-brown stripes that interconnect to
form a net-like pattern; the dorsal surfaces of the limbs are brown, with irreg-
ular, dark-brown stripes; the tail is brown, with several dark-brown, transverse
stripes; the regenerated tail is gray and without transverse stripes; the ventral
surfaces of the head and limbs are cream-grey.
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Figure 5. Paratype (2014002301) of Hemiphyllodactylus gengmaensis sp. nov. A, B lateral views of head, red lines indicate
IL and SL, respectively C ventral view, red lines indicate chin scales D ventral view, red lines indicate femoroprecloacal pores.

Variation. Variation of mensural and meristic data are presented in Table 3.
Dark dorsal transverse blotches on the body of this species are relatively small,
with those of two specimens (2014002302, 2014002300) being indistinct and
fragmented. Furthermore, females are slightly larger than males. The post-
sacral mark, bearing anteriorly projecting arms, of one individual (2014002300)
is indistinct, possibly due to prolonged preservation.

Distribution. This species is currently known to be distributed at the type
locality Banxing Village, Gengma Dai and Wa Autonomous County of Yunnan
Province in China (Fig. 1).

Natural History. Hemiphyllodactylus gengmaensis sp. nov. was found at an
elevation of 664 m a.s.|., around 21:00. The specimens were found on a restau-
rant’s wall, which was rough and with crevices. When illuminated with a flash-
light, the animals quickly crawled into the crevices.

Etymology. The scientific name “gengmaensis” is derived from its type local-
ity Gengma Dai and Wa Autonomous County in Yunnan province. We suggest
Gengma Slender Gecko in English and “Hk & -t fil % (Géng Ma Ban Ye Zhi Hu)”
in Chinese.

Comparisons. We compared the morphology of the new species against its
closely related species, specifically species from clade 3, as inferred from the
phylogeny we constructed (Table 4). In terms of body proportions, H. geng-
maensis sp. nov. has a longer head which separates it from H. longlingensis, H.
zalonicus, H. changningensis, and H. zhutangxiangensis (HL/SVL = 0.26-0.31
versus 0.22-0.24,0.22-0.23, 0.22-0.25, 0.17-0.20, respectively); greater SnW
distance (SnW/HW = 0.22-0.33 versus 0.15-0.18,0.21,0.16-0.20, 0.16-0.21,
respectively); the new species has a shorter SnEye distance which separates it
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from H. longlingensis, H. changningensis, and H. zhutangxiangensis (SnEye/HL =
0.36-0.41 versus 0.42-0.45, 0.41-0.49, 0.53-0.60, respectively); shorter head
width (HW/HL = 0.64-0.74 versus 0.75-0.80, 0.72-0.80, 1.03-1.13, respec-
tively); it has a shorter NarEye compared to H. changningensis and H. zhutangx-
iangensis (NarEye/HL = 0.24-0.30 versus 0.30-0.37, 0.39-0.4, respectively);
smaller eyes compared to H. zalonicus and H. zhutangxiangensis (ED/HL =
0.20-0.24 versus 0.23-0.30, 0.30-0.36, respectively). In terms of scalation,
the new species has more CN can be distinguished from H. longlingensis, H.
zalonicus, H. changningensis, and H. zhutangxiangensis (CN = 6 versus 4-5, 5,
3-4, 5, respectively); more VS compared to H. longlingensis, H. changningen-
sis, and H. zhutangxiangensis (VS = 8-10 versus 6-7, 6—8, 5-7, respectively);
the new species has more femoroprecloacal pores which separates it from H.
zalonicus, H. changningensis, and H. zhutangxiangensis (20-25 versus 16-20,
19-22, 20-23, respectively). For the lamellar and coloration, the new species
differs from H. longlingensis, H. zalonicus, and H. changningensis by having
more lamellae on the hand (5-5(6)-5-4 versus 3-4-4-4(3), 3-3(4)-3(4)-
3(4) and 3-3(4)—3(4)-3, respectively); differs from H. zalonicus, H. changnin-
gensis, and H. zhutangxiangensis by having more lamellae on first fingers (SL1T
= 6 versus 4, 3—4, 4-5, respectively). Furthermore, H. gengmaensis sp. nov. has
dark transverse blotches on the dorsum, which H. zalonicus does not have.
The new species has a dark, reticulate dorsal pattern, which H. zalonicus and
H. zhutangxiangensis do not have. It has a postsacral marking with anteriorly
projecting arms, which is absent in H. zalonicus and H. changningensis.

Table 3. Mensural (in mm), meristic, color pattern, and proportions of the type series of Hemiphyllodactylus gengmaensis
sp. nov. (=) = data unavailable. (*) = regenerated tail.

Character

Sex

SVL

TL

TrunkL

HL

HW

ED

SnEye
NarEye
SnwW
TrunkL/SVL
HL/SVL
HW/SVL
HW/HL
SnEye/HL
NarEye/HL
ED/HL
SnW/HL
ED/NarEye
Snw/HW
Chin

Holotype Paratypes
2014002302 2014002300 2014002299 2014002297 2014002298 2014002301
Female Male Female Female Female Male
38.52 35.24 36.5 40.86 43.24 39.45
28.22 - 9.18* - - 15.34*
17.46 17.54 17.6 21.6 23.22 18.82
10.80 10.80 10.24 11.24 11.14 11.24
7.36 6.94 6.88 7.86 8.2 7.74
212 2.56 2.16 2.62 2.6 2.34
3.94 3.88 4.02 4.5 4.52 4.3
2.78 2.74 2.96 3.04 3.32 2.72
1.78 1.78 1.6 1.84 2.72 1.7
0.45 0.50 0.48 0.53 0.54 0.48
0.28 0.31 0.28 0.28 0.26 0.28
0.19 0.20 0.19 0.19 0.19 0.20
0.68 0.64 0.67 0.70 0.74 0.69
0.36 0.36 0.39 0.40 0.41 0.38
0.26 0.25 0.29 0.27 0.30 0.24
0.20 0.24 0.21 0.23 0.23 0.21
0.16 0.16 0.16 0.16 0.24 0.15
0.76 0.93 0.73 0.86 0.78 0.86
0.24 0.26 0.23 0.23 0.33 0.22
8 9 8 9 9 8
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Character Holotype Paratypes
2014002302 2014002300 2014002299 2014002297 2014002298 2014002301

CN 6 6 6 6 6 6
IS 3 2 2 3 3 2
SL (left/right) 10/9 10/10 10/11 10/9 10/9 10/10
IL (left/right) 9/9 9/9 8/8 9/9 9/9 9/9
VS 10 9 9 8 8 9
DS 18 14 11 15 15 16
Lamellar formulae - - - - 5-5-5-4 -
hands 1=V (left)
Lamellar formulae - - - - 5-6-5-4 -
hands 11-V (right)
Lamellar formulae - - - - 5-5-6-5 -
foot II-V (left)
Lamellar formulae - - - - 5-5-6-5 -
foot lI-V (right)
SL1F - - - - 5 -
SL1T - - - - 6 -
Precloacal and - 0 - - - 0
femoral pore series
separate (1) or
continuous (0)
Total 0 20 0 0 0 25
femoroprecloacal
pores
CloacS on each side 1 1 1 1 2 1
Subcaudals No No No No No No
enlarged, plate—like
Dark postorbital Yes Yes Yes Yes Yes Yes
stripe
Dorsolateral light— No No No No No No
colored spots on
trunk
Dark dorsolateral No No No No No No
stripe on trunk
Dark ventrolateral No No No No No No
stripe on trunk
Dark dorsal Indistinct Indistinct Yes Yes Yes Yes
transverse blotches
Dark reticulate Indistinct Yes Yes Indistinct Yes Yes
pattern on dorsum
Postsacral marking Yes indistinct Yes Yes Yes Yes
anteriorly projecting
arms

Table 4. Diagnostic characters separating Hemiphyllodactylus gengmaensis sp. nov. from other nominal taxa of Hemi-
phyllodactylus within clade 3 of Agung et al. (2022). (—) = data unavailable. Mensural characters are in mm. Data for
H. zalonicus and H. longlingensis were obtained from Grismer et al. (2020a). Data for H. changningensis were obtained
from Guo et al. (2015). Data for H. zhutangxiangensis were obtained from Agung et al. (2021).

Character H. gengmaensis sp. nov.  H. longlingensis H. zalonicus | H. changningensis = H. zhutangxiangensis
Max SVL 43.24 45.7 37.7 43.8 44.42
n 6 - 2 10 13
TrunkL 17.46-23.22 - 18.1-18.9 17.4-22.5 16.1-23.1
HL 10.8-11.24 - 8.4-8.5 8.2-10.1 6.2-7.6
HW 6.88-8.2 - 5.7-5.8 6.1-7.5 6.5-8.2
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Character
ED
SnEye
NarEye
SnwW
TrunkL/SVL
HL/SVL
HW/SVL
HW/HL
SnEye/HL
NarEye/HL
ED/HL
SnW/HL
ED/NarEye
Snw/HW
Chin
CN
IS
SL
IL
VS
DS
Lamellar formulae
hands II-V

Lamellar formulae
feet lI-V

SL1F
SL1T

Precloacal and
femoral pore series
separate (1) or
continuous (0)

Total
femoroprecloacal
pores

CloacS on each
side

Subcaudals
enlarged, plate—like

Dark postorbital
stripe

Dorsolateral light—
colored spots on
trunk

Dark dorsolateral
stripe on trunk

Dark ventrolateral
stripe on trunk

Dark dorsal
transverse blotches

Dark reticulate
pattern on dorsum

Postsacral
marking anteriorly
projecting arms

H. gengmaensis sp. nov.

2.12-2.62
3.88-4.52
2.72-3.32
1.6-2.72
0.45-0.54
0.26-0.31
0.19-0.2
0.64-0.74
0.36-0.41
0.24-0.30
0.20-0.24
0.15-0.24
0.73-0.94
0.22-0.33
8-9
6
2-3
9-11
8-9
8-10
11-18
5-5(6)-5-4

5-5-6-5

20-25

Tor2
No
Yes

No

No

No
Yes or indistinct
Yes or indistinct

Yes or indistinct

H. longlingensis

0.47-0.52
0.22-0.24
0.17-0.19
0.75-0.80
0.42-0.45
0.29-0.34
0.22-0.25
0.12-0.14
0.66-0.82
0.15-0.18
7-9
4-5
1-3
9-10
8-10
6-7
10-14
3-4-4-4(3)
4-4-4(5)-4
4-4(5)-4(5)-4

16-27

Tor2
No
Yes

No

No
No
Variable
Variable

Pale colored
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H. zalonicus
2.0-2.6
3.4-3.5
24-27

1.2
0.49-0.50
0.22-0.23

0.15
0.68
0.40-0.42
0.28-0.31
0.23-0.30
0.14
0.74-1.08
0.21
8-10
5
3-4
10
8-9
9-10
17-18
3-3-3-3

3-4-4-4

16-20

No

Yes

No

No

No

No

No

Indistinct or
not

H. changningensis
1.7-2.3
3.5-4.5
2.8-3.4
1.1-1.4

0.46-0.51
0.22-0.25
0.17-0.18
0.72-0.80
0.41-0.49
0.30-0.37
0.21-0.25
0.12-0.16
0.61-0.77
0.16-0.20
7-8
3-4
2-3
8-11
8-10
6-8
11-15
3-3(4)-3(4)-3
3-3-3-3
3-4-4-4
3-4
3-4
0

19-22

Tor2
No
Yes

No

No
No
Yes
Yes

No

H. zhutangxiangensis
2.1-2.7
3.4-4.4
2.6-3.2
1.3-1.6

0.48-0.52
0.17-0.20
0.18-0.20
1.03-1.13
0.53-0.60
0.39-0.44
0.30-0.36
0.19-0.22
0.70-0.91
0.16-0.21
7-9
5
2-4
8-11
8-11
5-7
11-15

(3-5)-(4-6)—(4 or 5)—

(40rb)

(4 or 5)—(4 or 5)—(4-6)—
(40rb)

4-5
4-5
0

20-23

Tor2
No
Yes

No

No
No
Yes
No

Fork-like, dark colored
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Discussion

Our research supports the recognition of the Hemiphyllodactylus gengmaensis
sp. nov. as a new species, belonging to clade 3 of Agung et al. (2021). It is
sister taxa to H. longlingensis, H. zalonicus, H. changningensis, and H. zhutangx-
iangensis. Except for H. zalonicus, all species of clade 3 occur in China. Con-
sidering the 292 km of unexplored area between H. zalonicus and its closest
distance species (H. longlingensis), there may be numerous undescribed spe-
cies in northern Myanmar and Dehong Dai and Jingpo Autonomous Prefecture,
Yunnan Province, China. The 56 km distance between H. gengmaensis sp. nov.
and H. changningensis, along with recent new species discoveries (Grismer et
al. 2013; Guo et al. 2015; Che et al. 2020; Agung et al. 2021, 2022), suggests a
high diversity of this genus within Yunnan. The border area of Dali Bai Auton-
omous Prefecture, Pu'er City, and Lincang City in southern Yunnan Province
could be a key area for future research.

Our study increases the number of recognized species in the Hemiphyllodac-
tylus in China to 15. Apart from H. typus, H. dupanglingensis, and H. hongkon-
gensis, all other species in the genus Hemiphyllodactylus are montane species.
Hemiphyllodactylus gengmaensis sp. nov. was found at an elevation of 664 m
a.s.l. The discovery of the new species may represent an intermediate elevation
type given by the known ranges, suggesting that species in the Hemiphyllodac-
tylus may have a wide distribution range in southern China, spanning elevations
from 120 m (Sung et al. 2018) to 2,169 m (unpublished data). Additionally, Gris-
mer et al. (2018b) discovered 12 new gecko species within two weeks in a single
study of karsts in Myanmar, with similar climatic and habitat conditions likely to
exist in southern China. Moreover, some populations previously considered as
H. yunnanensis in China have also been described as new species (Deng et al.
1998; Shi et al. 2011; Che et al. 2020; Zhang B et al. 2020). Therefore, it is possi-
ble that there are still numerous undiscovered cryptic species in southern China.
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