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Abstract: Goniurosaurus k. kuroiwae consists of two genetically diverged
entities (i.e., northern and southern lineages) that are geographically separated
by a narrow hybrid zone in the north–central part of Okinawajima Island,
Ryukyu Archipelago, Japan. Our molecular analyses using single nucleotide
polymorphism data confirmed their remarkable genetic differentiation.
Morphological comparisons using random forest models further revealed that
these two lineages could be distinguished by combinations of several
characteristics. Considering that these two entities have persisted within a
single island, they deserve to be given full species status. The type locality of
the nominal species, G. kuroiwae, fell within the range of the “southern
species” and the morphological features of the holotype agreed well with the
“southern species”. Hence we described the populations of the northern part of
Okinawajima and Kourijima as a new species, Goniurosaurus nebulozonatus
sp. nov. This new species differs from other congeners in the Ryukyus with a
combination of the following character states: reddish brown iris, 4–7
postmentals, flat and imbricate ventral scales, denser tubercles on the femur,
single most-enlarged scale on the pes base, mid-dorsal stripe present at the
nape and absent in the posterior part of the trunk, incomplete or no nuchal
loop, dorsal band on the posterior trunk present, and obscure dorsal stripes/
bands. The new species was inferred to be a sister taxon of G. kuroiwae sensu
stricto, so allocating other taxa as subspecies of G. kuroiwae no longer makes
sense. Thus, we propose elevating all five taxa currently regarded as subspecies
of G. kuroiwae to full species, G. orientalis, G. sengokui, G. toyamai, G.
yamashinae, and G. yunnu. Adding G. splendens in Tokunoshima and the two
species in Okinawajima, there are now seven extant and one extinct species
exist in the Ryukyu Goniurosaurus.

Key words: Central Ryukyus; Goniurosaurus nebulozonatus new species; Eyelid
gecko; Parapatry; Taxonomy
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Introduction

The genus Goniurosaurus Barbour, 1908 is
a group of East Asian eyelid geckos, currently
consisting of 26 extant species or subspecies
(Grismer et al., 1994, 1999; Zhu et al., 2021).
The species in the central part of the Ryukyu
Archipelago (Central Ryukyus) in Japan are
geographically isolated approximately 1,500-
km away from the remaining congeners in the
northern part of Vietnam and the southern part
of China and form a monophyletic group. In
the comprehensive taxonomic revision of the
Ryukyuan Goniurosaurus, based on morpholo‐
gy, Grismer et al. (1994) recognized five
allopatric taxa, namely, G. k. kuroiwae
(Namiye, 1912) (in Okinawajima, Kourijima,
and Sesokojima), G. k. orientalis (Maki, 1931)
(in Tonakijima, Tokashikijima, Akajima, and
Iejima), G. k. yamashinae (Okada, 1936) (in
Kumejima), G. k. toyamai Grismer, Ota &
Tanaka, 1994 (in Iheyajima), and G. k. splen‐
dens (Nakamura & Uéno, 1959) (in
Tokunoshima). In their analysis Grismer et al.
(1994) treated specimens from an island as a
single operational unit but they noted that G. k.
kuroiwae showed considerable variation in
dorsal patterns even within Okinawajima.

Subsequent molecular phylogenetic analyses
of the Ryukyuan Goniurosaurus by Ota et al.
(1999) and Honda (2002) depicted a different
figure for population relationships. Their ana‐
lyses based on mitochondrial DNA (mtDNA)
sequences revealed that populations from
Okinawajima are paraphyletic with respect to
the Iejima population of G. k. orientalis.
Honda et al. (2014), which incorporated sam‐
ples of all five subspecies from eight geo‐
graphically distinct areas, further confirmed
the close phylogenetic relationship of popula‐
tions from southern Okinawajima and Iejima,
and clearly differentiated the Iejima population
from those of Tonakijima and Tokashikijima,
of which the former is the type locality of G. k.
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orientalis. They also revealed a large genetic
divergence of G. k. splendens from the remain‐
ing taxa and proposed recognizing it as full
species status, G. splendens. Honda and Ota
(2017) further separated the Tokashikijima and
Akajima populations from G. k. orientalis as
G. k. sengokui based on morphological differ‐
ences, and argued that the Iejima population
should be recognized as G. k. kuroiwae due to
its small mtDNA divergence from southern
Okinawajima populations. Nakamura et al.
(2014) reported bone remains of Goniuro‐
saurus from Yoronjima Island, which was mor‐
phologically distinct from any extant species/
subspecies, and described it as G. k. yunnu, a
possibly extinct taxon. Thus, two species and
six subspecies have been recognized in the
Ryukyuan Goniurosaurus, but the taxonomic
status of the northern and southern Okinawa‐
jima populations remains unresolved (Fig. 1).

Kurita et al. (2018) conducted phylogenetic
and population genetic analyses of many local
samples within Okinawajima and adjacent
islands using mitochondrial and nuclear DNA
makers. Their results confirmed the north–
south differentiation within G. k. kuroiwae, and
the two genetically diverged entities are dis‐
tributed in parapatry in Okinawajima and a few
small islands close to Okinawajima (Fig. 1;
[1]–[9] versus [12]–[24]) with a hybrid zone in
the north-central part of the island (Fig. 1; [9]
and [10]). Hybrid genotypes were detected
only in a restricted area and the range of the
putative hybrid swarm was estimated to be no
more than 9 km in the north–south direction.
Kurita et al. (2018) argued that the two entities
deserved recognition as separate biological
species. Their analyses also confirmed the
close genetic relationship of the Iejima popula‐
tion (Fig. 1; [24]) to the southern Okinawajima
population in the nuclear makers.

In this study, we first conducted genome-
wide single nucleotide polymorphism (SNP)
analyses to ensure the genetic difference
between the northern and southern populations
of Goniurosaurus spp. in Okinawajima. These
genome-wide SNP analyses explained the evo‐
lutionary trajectory of G. k. kuroiwae in a phy‐
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logenetic context. The qualitative, meristic,
and morphometric characters of external mor‐
phology were then examined. Simple machine
learning algorithms were adopted to explore
the discriminant powers of these characteris‐
tics. The results of these analyses provided
additional support for the distinctiveness of the
northern and southern entities, and thus we
revised their taxonomic treatment accordingly.

Materials and Methods

Genetic Analyses
SNP data were obtained for all known island

populations of the Ryukyuan Goniurosaurus
except for the Yagajijima, Sesokojima, and
Kourijima populations. Populations of the first
two islands are close to those in southern
Okinawajima, and the last one is close to
northern Okinawajima populations (Kurita et
al., 2018). Forty-eight geckos whose sampling
localities geographically covered all of
Okinawajima were used. These samples were
picked up from six areas (Fig. 1; [1]+[2], [10],
[11], [12]+[15], [16], and [22]+[23]), which
included all of the northern lineage ([1]+[2]),

hybrid swarms ([10] and [11]), and the south‐
ern lineage ([12]+[15], [16], and [22]+[23])
recognized by the results of clustering analyses
based on simple sequence repeat markers con‐
ducted in the previous study (Kurita et al.,
2018). An additional 52 geckos representing
other Ryukyuan species/subspecies were also
incorporated into the analysis. Eight geckos
were examined for each geographical or sub‐
species sample except for the G. k. sengokui
sample from Akajima for which only four
geckos were available. In total, 100 geckos
from 13 areas were used (see Appendix I). A
reduced representation sequencing library was
prepared using genotyping by random ampli‐
con sequencing, direct (GRAS-Di) technology
(Toyota Motor Corporation, Japan) by out‐
sourcing to Bioengineering Lab. Co., Ltd. In
summary, short DNA fragments were random‐
ly amplified from total DNA using high-
concentration primers with random 3-bp
nucleotides at the 3'-end of the oligo (Hosoya
et al., 2019), and sequenced with a 150-bp
paired-end using Nextseq 500 (Illumina).

Raw sequences were quality checked using
FastQC (Andrews, 2010). An adapter sequence

Fig. 1.  Eleven islands in the Central Ryukyus where the extant and extinct Goniurosaurus geckos are
recorded. Circles on Okinawajima and adjacent islands indicate the localities of the examined individuals
(specimens and photographic records) of G. k. kuroiwae sensu lato with the numerals in parentheses
corresponding to those in Table 3.
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was removed and a low quality portion with
<Q20 in the 4-bp sliding-window average was
trimmed from the 3'-end for each read. Then,
reads with a 30% or more low-quality portion
(<Q20), with five or more N sites, with lengths
shorter than 80 bp after trimming, or unpaired
reads were discarded using Fastp (Chen et al.,
2018). The de novo assembly of reduced-
representation loci was built using the stacks
pipeline (Catchen et al., 2013), in which a 4-bp
distance (5% of each one sequence of a pair)
between stacks was allowed and at least 8×
coverage was required for stack depth. SNPs
that satisfied the following conditions were
selected using the “populations” function of
stacks: the sites that were genotyped in ≧75%
of individuals for all the areas, for which the
observed heterozygosity and minor allele fre‐
quency were <0.6 and >0.01, respectively.
Subsequently, further locus and individual fil‐
tering was conducted using PLINK 2.0 (Chang
et al., 2015) in three steps: individuals and loci
with ≧90% missing values were excluded first,
then those with ≧80% missing were discarded,
and finally loci with ≧30% missing and minor
allele frequency <0.02 were removed.

Spatial–genetic structure, including the
hybrid zone, was visualized as a phylogenetic
network based on an uncorrected-p distance
with the neighbor-net method implemented in
SplitsTree (Huson and Bryant, 2006). Cluster‐
ing analyses were conducted using ADMIX‐
TURE (Alexander et al., 2009), where the
maximum convergence criterion and the
number of iterations were set to 0.0001 and
100, respectively. The number of clusters K
was changed from 1 to 15, which is larger than
the number of examined areas. Ten indepen‐
dent runs were performed, checking for K with
the lowest cross-validation error on average
and in all trials. A maximum likelihood tree
was reconstructed based on a general time
reversible model with ascertainment bias cor‐
rection, and the reliabilities of internal branch‐
es were evaluated by ultrafast bootstrap
(Hoang et al., 2018) with 1,000 replicates and
SH-aLRT (Guindon et al., 2010) with 1,000
replicates using IQ-Tree (Nguyen et al., 2015).

Internal branches with ultrafast bootstrap ≧95
and SH-aLRT ≧80 were regarded as reliable
(Minh et al., 2022). Individuals collected from
areas occupied by hybrid swarms were
removed from this analysis because tree-based
clustering analysis is unsuitable for hybrid
swarms.

Morphological characters examined
We examined the morphometric, meristic,

and qualitative characters of preserved speci‐
mens deposited in the Okinawa Prefectural
Museum and Art Museum (OPM), the Zoolog‐
ical Collection of Kyoto University (KUZ), the
National Museum of Nature and Science
(NSMT), and Satoshi Tanaka’s Private Collec‐
tion (TPN) maintained in the OPM. The speci‐
mens examined are shown in Appendix 2: in
summary 35 specimens of the northern
Okinawajima lineage and 143 of the southern
Okinawajima lineage including six Iejima
specimens of G. k. kuroiwae, 47 G. k. sengokui
from Tokashikijima, two G. k. sengokui from
Akajima, seven G. k. orientalis, six G. k.
yamashinae, four G. k. toyamai, and 15 G.
splendens. To supplement color pattern data,
photo images accumulated during field surveys
in 2010–2022 were used. These photo images
were assigned to local samples according to
the geographical ranges of genetic groups rec‐
ognized by Kurita et al. (2018), being 238
geckos from northern Okinawajima, 44 from
hybrid swarms, 225 from southern Okinawa‐
jima, 65 from Iejima, 114 and 17 G. k.
sengokui from Tokashikijima and Akajima,
respectively, 44 G. k. orientalis, 75 G. k.
yamashinae, 17 G. k. toyamai, and 48 G.
splendens. These field surveys and collection
of specimens were carried out under the per‐
missions of the Ministry of the Environment of
Japan, the Kagoshima Prefectural Boards of
Education, and Okinawa Prefectural Boards of
Education because all Ryukyuan Goniuro‐
saurus species are strictly protected by national
laws and the prefecture’s ordinance.

The following morphometric characteristics
were measured on the left side of specimens
using dial calipers accurate to the nearest
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0.1 mm: snout–vent length (SVL; from tip of
snout to cloaca), head length (from tip of snout
to bony tip of occiput), head width (widest part
of head), head depth (deepest part of head),
snout length (from tip of snout to anterior edge
of orbit), eye diameter (diameter of eye open‐
ing in anterior–posterior direction), interorbital
width (narrowest part of frontal bone), nape
width (narrowest part of nape), axilla–groin
length (from posterior edge of forelimb inser‐
tion to anterior edge of hind limb insertion),
brachial length (from forelimb insertion to
elbow), forearm length (from elbow to base of
the palmar), femur length (from hind limb
insertion to knee), and crus length (from knee
to base of the sole). These characteristics were
measured on the right side only if the left side
was damaged.

Observations of scale conditions or counts
were made with the aid of a microscope when
necessary. The meristic characters examined
were the number of supralabials (from scale
bordered by rostral to posterior-most scale at
least two-times larger than surrounding scales),
infralabials (from scale bordered by mental to
posterior-most scale at least two-times larger
than surrounding scales), scales bordering the
nasal scales (including rostral and supra‐
labials), internasals (scales between
supranasals and bordered by rostral), post-
internasals (granular scales bordered by inter‐
nasals), postmentals (scales bordered by
mental except the first infralabials), post-
postmentals (scales posteriorly bordered by
postmentals), eyelid fringe scales (enlarged
scales surrounding eye opening), snout scales
(from scales bordered by posterior edge of
supranasal to those bordered by anterior edge
of eye opening), scales around a dorsal tuber‐
cle (granular scales bordered by a tubercle on
dorsum), mid-body tubercle rows (transverse
tubercle rows at mid-body), mid-body granular
scales (transverse granular scale rows at mid-
body), paravertebral tubercles (tubercles at par‐
avertebral lines between axilla-groin part),
mid-dorsal stripe I–IV scales (scales corre‐
sponding to width of mid-dorsal stripe I–IV;
see the next paragraph for the definition of

mid-dorsal stripes I–IV and dorsal bands I–
IV), dorsal band I–IV scales (scales corre‐
sponding to width of transverse bands on
dorsum I–IV), tubercles on the dorsal band IV
edge (series of bright tubercles on bright col‐
ored granular scale patch at dorsal side of hind
limb insertions), ventral scales (from post‐
mentals to scales bordered by cloaca), post‐
cloacal scales (from scales bordered by cloaca
to those bordered by the first segment of tail),
subdigital scales on the fourth fingers (ventral
scales of fourth fingers), subdigital scales on
the fourth toes (ventral scales of fourth toes),
scales around a femur tubercle (scales bordered
by a tubercle on dorsal surface of femur), and
femur tubercle contacts (numbers of contact
points of two neighboring tubercles on femur).
The qualitative character examined was the
condition of scales on the sole (condition of the
largest scales on sole, assigning to any of “no
enlarged scale [coded as 0],” “a single largest
scale [1],” or “multiple largest scales [2]”).
Bilateral characters were counted on both sides
of the body, and larger values were used for
comparison. For granular scales around the
tubercles, nine tubercles were arbitrarily select‐
ed, and the median was used. Mid-body tuber‐
cle rows, dorsal stripes I–IV scales, and dorsal
bands I–IV scales were counted for three dif‐
ferent parts and the median values were used.

According to Grismer et al. (1994) the com‐
ponents of the dorsal pattern were treated sepa‐
rately as a lineate mid-dorsal element,
transverse banding element, hind limb banding
element, and interspace mottling element.
They considered that these character states are
derived, thus characterizing each taxon or
clade: the presence of mid-dorsal stripe for G.
k. kuroiwae, G. k. orientalis, and G. k.
sengokui, the incomplete transverse bands for
G. k. kuroiwae, the extension of the posterior
most band to hind limbs for G. splendens, and
the lack of interspace mottling for G. splendens
and G. k. toyamai. Among these elements, we
focused on the mid-dorsal stripe and dorsal
banding because these characters show some
(probably regional) variations within Okinawa‐
jima; the northernmost populations sometimes
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possess faded mid-dorsal stripe and irregular
transverse bands, and the southern Okinawa‐
jima, Sesokojima, and Kourijima populations
usually show obvious mid-dorsal stripe and the
complete absence or incompleteness of trans‐
verse bands (Grismer et al., 1994).

We typified the mid-dorsal stripe and trans‐
verse bands by partitioning them into multiple
parts and evaluating the presence/absence or
completeness of each part. Except for G. splen‐
dens, the Ryukyuan Goniurosaurus usually
possesses four transverse bands between the
nape and the base of the tail (though some‐
times just rudimentary). An additional band at
the occipital region that connects auditory
meatuses is frequently present in some areas.
The bands were defined at the levels of the
occipital region, forelimb insertion, anterior
part of the trunk, posterior part of the trunk,
and base of the tail as the nuchal loop, dorsal
band (DB) I, II, III, and IV (DBs-I–IV),
respectively. With respect to the mid-dorsal
stripe, it may extend from the level of the
nuchal loop to that of DB-IV but may exist at
only a part in some geckos. The mid-dorsal
stripe was divided into four sections according
to the levels of the five transverse bands, and
referred to as mid-dorsal stripes I, II, III, and
IV (MS-I–IV) from the head side to the tail
side. The condition of the stripe at each section
was evaluated as “absent (coded as 0),”
“incomplete (from the short lineate elements to
somewhat continuous stripe interrupted partial‐
ly) (0.5),” or “absent (1).”

The condition of the nuchal loop was classi‐
fied into four categories: “absent (coded as 0),”
“rudimentary (light colored patches exist on
dorsal side of auditory meatus only) (1),”
“obviously patched (light colored patches
occupy <1/2 width of occipital region) (2),”
and “present (those occupy ≧1/2 width) (3).”
DBs-I–IV were assigned to “absent (coded as
0)” or “present (1)”: it was judged as present
when it extended ≧1/2 of body width for DBs-
I–III and when it covered entire width of body
for DB-IV. Note that tubercles on the DB-IV
edge were counted even when DB-IV did not
exist completely. Three additional characteris‐

tics, i.e., the lateral extension of DB-I, the lat‐
eral extension of DB-IV, and the sharpness of
stripes/bands, were evaluated. The lateral
extension of DB-I was categorized into three
states: “no extension (not contact to the dorso‐
lateral stripes) (coded as 0),” “swollen shape
(contact to the dorsolateral stripes, forming a
knob) (1),” or “contact with forelimb insertions
(extending beyond dorsolateral stripes) (2).”
The extension of DB-IV was categorized as
“unextended (coded as 0)” or “extended
(exceeding hind-limb insertion base) (1).” The
sharpness of stripes/bands was judged as
“sharp (coded as 1)” when the edge of the
stripe/band shifted to a dark ground color
within two granular scales but “diffused (0)” if
the transition zone was wider than two granu‐
lar scales.

Morphological analyses
Random forest decision tree models were

constructed for the morphological discrimina‐
tion of the northern and southern lineages to
evaluate the reliability of morphology-based
identification and explore the characters useful
for their diagnosis. Three experiments with dif‐
ferent settings were conducted. In each experi‐
ment, 100 independent models were iteratively
generated. In each iteration the individuals
used for the training and those for the test were
randomly selected. The meristic and qualitative
(converted to dummy numbers) characteristics
were used as variables for modeling, and the
interactions between the variables were not
considered in these models.

In the first experiment (Experiment 1)
models were trained using 18 meristic and 13
qualitative characteristics of 30 northern and
30 southern lineage specimens and subsequent‐
ly tested by the other five specimens from each
lineage. Iejima individuals were removed from
this evaluation due to the small sample size.
Among the 28 meristic characters listed in the
last subsection, mid-body granular scales and
ventral scales were excluded from the analysis
because the abdominal part of many specimens
were previously dissected and thus it was diffi‐
cult to determine character states for these
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specimens exactly. Mid-dorsal stripe I–IV
scales and dorsal band I–IV scales were also
not included because many specimens lacked
stripes and/or bands and thus to be missing for
these characters.

The second experiment (Experiment 2) con‐
structed models using the 13 qualitative char‐
acters taken from specimens and photo images
for 50 individuals from each of the northern,
southern, and Iejima populations, and tested
using the other 20 individuals from each. In the
third experiment (Experiment 3) we considered
individual assignment to the lower geographi‐
cal assemblage level. The northern and south‐
ern lineages were strictly separated in this
analysis the same as we did in Experiments 1
and 2. On the other hand the operational geo‐
graphical assemblages did not strictly follow
the mitochondrial DNA sublineages recog‐
nized by Kurita et al. (2018) in order to keep
the sample sizes above a certain level and the
differences between groups small for analytical
reasons, while reflecting the sublineage distri‐
butions. The same character set as Experiment
2 was used. Models were constructed using 30
individuals from each geographic assemblage
(five, six, and one from the northern lineage,
southern lineage excluding Iejima, and Iejima,
respectively) and then tested by the other 10
individuals from each. In the accurate assign‐
ment evaluation, 10 individuals from Kouri‐
jima, where the population genetically belongs
to the northern lineage (Kurita et al., 2018),
were also incorporated. Kourijima individuals
were excluded from the training process due to
the small sample size, and we evaluated how
accurately the 10 individuals were assigned to
respective assemblages in the “northern” area.
Morphological assignment tests were conduct‐
ed using the caret 6.0.93 (Kuhn, 2008) and ran‐
domForest 4.7.1.1 (Liaw and Wiener, 2002)
packages in R 4.2.0 (R Core Team, 2022). For
Experiments 1 and 2, the importance of charac‐
teristics was evaluated based on the mean
decrease in Gini impurity using the Boruta
algorithm. It was carried out by 1,000 indepen‐
dent iterations of shadow-variable generations
and training-individual selections and tested

the significance of the contribution of each
character at a significance level of 0.01 after
Bonferroni’s multiple testing adjustments.
These tests were conducted using the Boruta
8.0.0 package (Kursa and Rudnicki, 2010).

The morphological variation of G. k.
kuroiwae was visualized by principal compo‐
nent analysis (PCA), conducted by the
“prcomp” function implemented in stats 4.2.0
package (R Core Team, 2022), using character‐
istics except for those with no contribution to
species discrimination according to Boruta
tests. Morphological similarities/dissimilarities
among geographic samples were summarized
in a heat map of the rate of confusion of sam‐
pled area.

Results

Spatial–genetic structure of the Ryukyu
Goniurosaurus

Approximately 72 million raw reads were
obtained for 100 individuals. Because of quali‐
ty controls and SNP selections, 1,574 loci of
86 individuals from 13 populations remained,
where at least two individuals were kept for
each population and 12.8% of the sample–
locus cells in a matrix were missing (3.2–
45.7% of loci were missing for each sample).

Except for the two hybrid swarms, Motobu,
and Tokashikijima populations, the neighbor-
net network aggregated the members of each
population into a separate tip distinguished
from the remaining tips (Fig. 2A). The Nago,
Motobu, Iejima, and Nanjo populations were
genetically close, and the hybrid swarm popu‐
lations were placed between the Nago–Nanjo
and Kunigami populations. The Motobu popu‐
lation was located at the base of the Iejima
population. The ADMIXTURE analyses pre‐
ferred K=9 or 12 on average or minimum,
respectively (Fig. 2B). In K=9, G. k. kuroiwae
populations were separated into four clusters;
the Kunigami, Nago, Iejima, and Nanjo popu‐
lations were assigned to their own clusters,
while the hybrid swarms and Motobu popula‐
tions were expressed as a hybrid between the
Kunigami and Nago populations and that
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between the Nago and Iejima populations,
respectively. Geckos from the hybrid swarm
populations formed a unique cluster by them‐
selves in K=10, but several geckos were
judged as “hybrids” between the unique
hybrid-swarm cluster and the Nago cluster in
the higher Ks. From K=11, geckos from the
Motobu population also formed their cluster.
The remaining species and subspecies were
allocated to their clusters throughout K=9–12.
In K=12, the Tokashikijima and Akajima pop‐
ulations of G. k. sengokui were separated.

In the maximum likelihood tree analysis,
individuals of each of the six taxa formed a
monophyletic group supported by enough

ultrafast bootstrap and SH-aLRT values (Fig.
2C; ultrafast bootstrap=100/SH-aLRT=100).
Goniurosaurus splendens was set to the out‐
group because of its significant divergence
from the other samples. The relationship
among the subspecies of G. kuroiwae was
unsolved except for the monophyly and rela‐
tionships of G. k. yamashinae, G. k. orientalis,
and G. k. sengokui (96.8/99). Among these
three subspecies, G. k. yamashinae diverged
first and G. k. orientalis and G. k. sengokui
were inferred as a sister relationship with sig‐
nificant support (99.8/100). For G. k. kuroiwae,
the monophyly of each local population,
except for the Motobu population, was strong‐

Fig. 2.  The phylogenetic network (A), clusters suggested by ADMIXTURE analyses (B), and maximum
likelihood tree (C) of Goniurosaurus geckos in the Ryukyus. Asterisks in the phylogenetic tree indicate the
internal branches with high support values (ultrafast bootstrap ≧95% and SH-aLRT ≧90%).
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ly supported (100/100). Among these popula‐
tions, the Kunigami population first diverged
from the remaining, followed by the Nago pop‐
ulation. The relationship among the Motobu,
Iejima, and Nanjo populations remained unre‐
solved. The genetic divergence of the Kunigami
population from the populations from the Nago
to Nanjo region including Iejima was clear,
supporting Kurita et al.’s (2018) view that two
genetically divergent entities co-occur within
Okinawajima.

Accuracy of the morphological assignment of
species/population using random forest models

The results of morphological analyses using
random forest decision tree models are summa‐
rized in Table 1. With respect to Experiment 1
(based on 31 characters), 96.2% of the speci‐
mens was accurately identified as their lin‐
eages. As a result of character importance
evaluation, 13 characters were inferred as sig‐
nificantly contributing to the discrimination of
the lineages (p<0.01/31; characters marked by
“S” in the RF column of Table 2), of which
enlarged scale on the pes base, MS-III, and
sharpness of stripes/bands edge always showed
a higher contribution than shadow variables.

In Experiment 2 (based on 13 characters that
could be examined using photo images), the
overall accuracy of identification was 86.1%,
in which the assignment accuracy was lowest
in the northern lineage and highest in the
southern lineage excluding the Iejima popula‐
tion. Eleven characters significantly contribut‐
ed to discriminating the northern Okinawajima,
southern Okinawajima, and Iejima populations
(p<0.01/13; “P” in Table 2), of which MSs-III
and IV, nuchal loop, DBs-II and III, lateral
extension of DB-I, tubercles on the DB-IV
edge, and sharpness of stripes/band edge
always showed higher importance than shad‐
ows. PCA based on the 13 scalation and
dorsal-pattern characters and the 11 significant
characteristics on the dorsal patterns showed
morphological differences among the northern
lineage, the Okinawajima populations of the
southern lineage, and the Iejima populations
(Fig. 3).

The results of the individual assignment to
the population level (Experiment 3) are sum‐
marized in Table 1 (population-level labeling),
as well as the heat map of the rate of confusion
in Fig. 4 to show the pairwise level of correct/
incorrect assignments. The accuracy of the
population assignment was generally low, from
15.7% for S1 to 52.0% for N1, except for
86.1% for the Iejima population. Most incor‐
rect assignments to different populations hap‐
pened among populations of the same lineage;
indeed, the overall accuracy of lineage-level
assignment (whether an individual was
assigned to populations of the correct lineage)
achived 82.9%. The accuracy of assignment to
lineages tended to be high in the northern and
southern extremities of Okinawajima and low
in the intermediate region, especially low in
the Kourijima population (18.9%).

Taxonomic conclusion and description of a
new species

The northern and southern lineages were
distinguished genetically and morphologically,
as shown in the previous sections. These
results of remarkable north–south differentia‐
tion in Okinawajima were compatible with
those of Kurita et al. (2018), lending additional
support to the view that the northern and south‐
ern lineages of G. k. kuroiwae are two separate
species. The type locality of G. kuroiwae, and
thus that of nominotypical subspecies, is Mt.
Taniyo-dake (now called Tano-dake), Haneji,
Nago City, Okinawajima (Namiye, 1912),
which is within the range of the southern
species, indicating that the species name
Goniurosaurus kuroiwae (Namiye, 1912)
should be assigned to the southern species.
Morphological observation of the holotype
also agreed with this view (see below).

It is clear that the northern species differs
from all extant nominal species/subspecies (see
above). The northern species was not com‐
pared with G. k. yunnu in this study. However,
Nakamura et al. (2014) made direct comparison
of G. k. yunnu with samples from Kunigami
(apparently within the range of the northern
species) and showed their difference in the
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shapes of maxillary and frontal bones and the
number of maxillary teeth. There are no syn‐
onyms under the nominal taxa of genus
Goniurosaurus; therefore, the northern species
is considered undescribed. We describe it as a
new species and also provide the redescription
of G. kuroiwae in the following section.

In association with recognizing the northern
and southern lineages as full species, all other

extant taxa of the Ryukyuan Goniurosaurus
should be raised to full species, G. splendens,
G. orientalis, G. yamashinae, G. toyamai, and
G. sengokui. Considering the phylogenetic
relationships and levels of genetic divergence
among these taxa and the two species in
Okinawajima, placing any taxa as subspecies
of G. kuroiwae (and of other species) does not
make sense anymore. Although the phyloge‐

Table 1.  The probability that an individual collected from an area occupied by a respective genetic
lineage is assigned to each predicted source area under three random forest decision tree models. For the
analyses with the population-level labeling, two genetically distinct lineages, namely the northern and
southern lineages, were taken into account when pre-defining the population, while priority was given to the
geographical proximity of individuals and the balance of sample sizes in the predefined population rather than
to more subordinate genetic structures (see the Materials and Method section for detail). N indicates the
number of individuals used for the validations.

N North South Iejima Source area
accuracy

Overall
accuracy**

Species-level labeling
 Specimen only* (Experiment 1) 0.962
  Northern lineage 35 0.962 0.038 —
  Southern lineage 135 0.038 0.962 —
 Specimen+Photo (Experiment 2) 0.861
  Northern lineage 273 0.789 0.074 0.138
  Southern lineage 362 0.068 0.919 0.014
  Iejima population 71 0.102 0.022 0.876

Population-level labeling
 Specimen + Photo (Experiment 3) 0.829
  N1 74 0.867 0.007 0.126 0.520
  N2 52 0.890 0.098 0.012 0.163
  N3 48 0.973 0.012 0.015 0.332
  N4 48 0.833 0.158 0.009 0.313
  N5 41 0.775 0.217 0.008 0.347
  N6 (Kourijima) 10 0.189 0.758 0.053 —
  S1 46 0.199 0.801 0.000 0.157
  S2 64 0.133 0.820 0.047 0.307
  S3 46 0.172 0.818 0.010 0.248
  S4 86 0.080 0.915 0.005 0.201
  S5 62 0.030 0.914 0.056 0.534
  S6 58 0.016 0.984 0.000 0.286
  S7 (Iejima) 71 0.116 0.023 0.861 0.861

* Except for the Iejima population
** At species level (Northern lineage versus Southern lineage, including the Iejima population in the

analyses based on specimens and photographs)
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netic position of G. k. yunnu is unknown, we
also suggest raising it to the full species status,
G. yunnu, because there is no reason to consid‐
er it a subspecies of G. kuroiwae.

Fig. 4.  Population-level labeling of examined
individuals for random forest modeling, and a heat
map showing the probability that an individual
collected from a sampled area is assigned to respec‐
tive predicted source area in the Experiment 3.

Systematics

Goniurosaurus nebulozonatus sp. nov.
(Suggested Japanese name: Yambaru Tokage-

modoki)

Eublepharis kuroiwae kuroiwae: Nakamura &
Uéno, 1963 (in part)
Amamisaurus kuroiwae: Börner, 1981 (in part)
Goniurosaurus kuroiwae: Grismer, 1987 (in
part)
Goniurosaurus kuroiwae: Ota, 1989 (in part)
Goniurosaurus kuroiwae kuroiwae: Grismer et
al., 1994 (in part)
Goniurosaurus kuroiwae kuroiwae: Nakamura
et al., 2014 (in part)
Goniurosaurus kuroiwae kuroiwae: Honda et
al., 2014 (as northern Okinawajima popula‐
tion)
Goniurosaurus kuroiwae kuroiwae: Honda and
Ota, 2017 (as northern Okinawajima popula‐
tion)
Goniurosaurus kuroiwae: Kurita et al., 2018
(as northern species)

Holotype
KUZ R88884 (Fig. 5), an adult male collect‐

ed on 19 September 2020 by Takaki Kurita
from Oku, Kunigami Village, Kunigami Dis‐

Fig. 3.  PCA results based on 13 scalation and dorsal pattern-related characters (A) and 11 dorsal pattern
characters (B). Crosses, closed circles, and open circles indicate the northern lineage, southern lineage, and
Iejima population of G. k. kuroiwae sensu lato, respectively. Solid and dashed ellipses indicate 95%
confidence ellipses for the northern and southern lineages, respectively, and those for the Iejima populations
and the remaining southern individuals are shown separately.
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trict, Okinawa, Japan (locality [2] in Fig. 1;
26.83460° N, 128.28726° E in WGS84; 10 m
above sea level).

Paratypes
KUZ R88885 from Benoki, Kunigami Vil.,

Kunigami Dist., Okinawa, Japan; OPM H1177,
H1670 (two individuals), H1502596–
H1502613 (formerly TPN 77050201–
77050204, 77052101, 77081804–77081812,
77081911, 77081912, 77082103, and
77082104), and H1502617 (formerly TPN
78042302) from Yona, Kunigami Vil., Kuniga‐
mi Dist., Okinawa, Japan.

Other specimens/photographic records
examined

Specimens: TPN 77082102 from Yona,
Kunigami Vil., Kunigami Dist., Okinawa,
Japan; OPM H1502618–H1502620 (TPN
78042305, 78042306, and 78042308) and TPN
78042307 from Hentona, Kunigami Vil.,
Kunigami Dist., Okinawa, Japan; OPM H1043,
H1502614–H1502616, H1502548, and
H1502549 (TPN 78032701–78032703,
76052401, and 76052406) from Yonaha,

Fig. 5.  The holotype of Goniurosaurus
nebulozonatus (KUZ R88884). Lateral (top), dorsal
(middle), and ventral (bottom) views.

Kunigami Vil., Kunigami Dist., Okinawa,
Japan. Photographic records: 206 individuals
from Kunigami Vil., 22 from Ogimi Vil., and
10 from Kourijima Island.

Diagnosis (Table 2)
A moderate-sized Goniurosaurus gecko (ca.

75–95 mm SVL for adults). Goniurosaurus
nebulozonatus, together with the other six
extant species in the Central Ryukyus, is dis‐
tinguished from continental congeners in
having unsheathed claws bordered by, in gen‐
eral, six short, unenlarged scales; in lacking
deep axillary pockets; and no precloacal-
femoral pores in males. Goniurosaurus nebulo‐
zonatus is distinguished from all other Ryukyu
Goniurosaurus, except G. kuroiwae, in the
combination of the following characters:
snout–vent length over 93 mm in maximum
[versus 83.5 mm in G. yamashinae and
82.1 mm in G. splendens (ca. <90% of G.
nebulozonatus and G. kuroiwae)]; iris reddish
brown (yellow ocher in G. orientalis and G.
yamashinae); 8–12 scales bordering nasal (6–9
in G. orientalis); 4–7 postmentals (3–5 in G.
sengokui, 2–4 in G. orientalis, and 2–4 in G.
splendens); 7–11 post-postmentals (5–6 in G.
splendens); 53–67 eyelid fringe scales (50–55
in G. orientalis); 11–13 scales around dorsal
tubercles (10 in G. splendens); 21–27 mid-
body tubercle rows (18–23 in G. splendens);
123–151 mid-body granular scales (110–135 in
G. splendens); 24–29 paravertebral tubercles
(18–24 in G. splendens); ventral scales
enlarged, flat, and imbricate (strongly-raised
and juxtaposed in G. splendens); 172–208 ven‐
trals (198–226 in G. splendens); 4–20 femur
tubercle contacts (1–6 in G. orientalis and 0–4
in G. splendens); usually one most-enlarged
scale on proximal portion of pes (two or more
enlarged scales in G. sengokui, G. toyamai,
and G. splendens, and no enlarged scales in G.
yamashinae); MS-I present in significant por‐
tion of individuals (usually absent in G.
yamashinae and G. toyamai, and absent or
present as ground-color fading on vertebral
line in G. splendens); 3–9 granular scales
baring MS-I (8–11 in G. sengokui and if any
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6–14 in G. yamashinae); nuchal loop usually
absent or incomplete (usually complete in G.
yamashinae, G. toyamai, and G. splendens);
DB-I absent in most individuals (usually
present in G. sengokui and G. orientalis, and
mostly present in G. yamashinae and G.
toyamai); DB-I or rudimentary patch on shoul‐
der usually separated more or less from fore‐
limb insertion by ground-colored space
(connecting to forelimb insertion in G. toyamai
and G. splendens); DB-IV not extending to
femur (usually extending to femur in G. orien‐
talis, G. toyamai, and G. splendens); 4–7 DB-I
scales if any (5–12 in G. sengokui, 7–20 in G.
orientalis, 7–12 in G. yamashinae, 8–11 in G.
toyamai, and 7–11 in G. splendens); narrow
DBs-II–IV (broad in G. orientalis); and dif‐
fused edge of stripes/bands (usually sharp in G.
yamashinae, G. toyamai, and G. splendens).
Goniurosaurus nebulozonatus differs from G.
kuroiwae in satisfying more than half of the
following five character states: usually 10 or
less tubercles contacts with each other in femur
region (4–20 in G. nebulozonatus versus 6–37
in G. kuroiwae; Fig. 6); single most-enlarged
scale on pes base (versus two or more most-
enlarged scales; Fig. 7); MS-III absent (versus
complete or incomplete); DB-III present
(versus absent); and dorsal stripes/bands dif‐
fused (versus sharp; Fig. 8). In addition to
these diagnostic keys, the new species differs
from the Iejima population of G. kuroiwae in
usually lacking DB-I (versus present) and, if
present, DB I is narrow as six or fewer granu‐
lar scales baring it (4–7 in G. nebulozonatus
versus 6–10 in G. kuroiwae); and often having
four or fewer tubercles on the edge of DB-IV
(0–8, often four or less in G. nebulozonatus
versus 3–11, usually five or more in the Iejima
G. kuroiwae; Fig. 9). The Okinawajima popu‐
lations of G. nebulozonatus is also distinguish‐
able from G. kuroiwae, except for the Iejima
population, in satisfying more than half of five
characters, of which three are the above men‐
tioned MS-III, DB-III, and diffusion of dorsal
stripes/bands, and the remaining two are
absence or incompleteness of MS-II (versus
complete) and presence of DB-II (versus

absent). This species differs from G. yunnu in
showing less posteriorly extended maxillary
shelf; lateral inclination of the lateral wall of
the posterior part of maxilla; and vertical ante‐
rior parts of lateral prefrontal facets of frontal
(Nakamura et al., 2014).

Fig. 6.  A comparison of femur tubercle
conditions between G. nebulozonatus (left; KUZ
R88884) and G. kuroiwae (right; OPM H1502622).
Arrows indicate the points of contact between two
neighboring tubercles on the dorsal surface of the
femur region.

Fig. 7.  The most-enlarged scales of pes in G.
nebulozonatus (left; KUZ R88884) and G. kuroiwae
(right; OPM H1502622). Arrows in boxes indicate
the most-enlarged scales.
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Description of holotype
An adult male, with the following measure‐

ments: snout–vent length 79.8 mm; head
length 20.8 mm; head width 14.3 mm; head
depth 8.9 mm; snout length 7.6 mm; jaw length
12.4 mm; jaw width 10.4 mm; eye diameter
5.2 mm; interorbital width 2.7 mm; ear open‐
ing length 2.6 mm; nape width 8.1 mm; axilla–
groin length 37.1 mm; brachial length
10.2 mm; forearm length 13.0 mm; femur

Fig. 8.  The sharpness of dorsal stripes/bands on
the posterior part of the trunk dorsum in G.
nebulozonatus (left; KUZ R88884) and G. kuroiwae
(right; OPM H1502589).

Fig. 9.  Anterior–posterior extension of the
lateral edges of DB-IV and a series of tubercles on
the edge line in G. nebulozonatus (top; KUZ
R88884) and G. kuroiwae (bottom; KUZ R73392).

length 13.9 mm; crus length 14.3 mm; and tail
length 78.1 mm.

Head moderate in size, triangle, distinct
from neck in dorsal profile, flat, equal to neck
in lateral profile; snout short, acute angle in
dorsal view, its tip convex in lateral view; nos‐
tril round, opens laterally; eye large, opens lat‐
erally, covered with movable eyelid, not seen
in ventral view; pupil vertically-elongated
without notch; interorbital region narrow;
mouth slit deep, its posterior end not exceed
posterior edge of eye, followed by shallow
dermal lobe not reaching ear opening; ear
opens laterally, elongated in dorsoposterior–
ventroanterior direction; scales on head granu‐
lar, weakly raised, juxtaposed, interspaced with
conical tubercles posterior to level of ear open‐
ing on dorsal, posterior to eye opening on
lateral surfaces; rostral trapezium, high as
exceeds the level of nostril center, twice as
wide as height, slightly concave dorsal edge
without notch/groove, bordered by three inter‐
nasals, supranasals, nasals, and first supra‐
labials; nasal bordered by rostral, supranasal,
first supralabial, and seven/eight (left/right)
granular or slightly-enlarged flat scales; three
post-internasals; 25/26 snout scales including
one enlarged scale anterior to eye; 9/12 tuber‐
cles on basal edge of eyelid; a row of slightly-
enlarged conical scales and a row of slightly-
enlarged slightly-raised conical scales on
marginal edge of eyelid; 65/65 scales sur‐
rounding eye; a spinal tubercle on anterior
edge of ear opening; 9/9 supralabials extending
to the level of center of eye; 10/10 infralabials
exceeding eye center but not reaching posterior
edge of eye; mental triangular, wider than
height, having round posterior tip exceeding
anterior edge of second infralabials, bordered
by first infralabials and six postmentals; eight
post-postmentals; two to four (increasing in
number posteriorly) enlarged flat scale rows
along with infralabials; small, slightly-raised,
conical, juxtaposed granular scales on ventral
side of head; throat scales larger than head-
vent scales, round, raised anteriorly, juxtaposed
or slightly-imbricate.

Body slender, elongate, slightly-dilated
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dorsoventrally; axillary pockets shallow;
hemipenal bulges apparent; dorsal to ventro‐
lateral surface of trunk covered by small,
smooth, dome-shaped, juxtaposed granular
scales almost equal in size, intermixed with
enlarged smooth conical tubercles irregularly
arranged; dorsal conical tubercles various in
size, with large ones bordered by 11–14 (medi‐
an=12) granular scales, pointed distally on
trunk, distal-posteriorly on lumbar and base of
tail; 29/29 paravertebral tubercles; 26–28
(median=27) mid-body tubercle rows; 146
granular scales on transverse row of mid-body;
197 ventral scales, slightly-enlarged, slightly-
raised, round to oval, slightly-imbricate on
thorax to enlarged, flat, imbricate on hind-limb
insertions; no precloacal/femoral pores; scales
around cloaca small, slightly-raised, oval,
slightly-imbricate; 14 postcloacal scales; five/
four postcloacal tubercles on edge of
hemipenal bulges; a pair of enlarged scales on
mid-ventral part of posterior edge of hemipenal
bulge.

Forelimbs moderate length, robust; brachi‐
um covered with small, well-raised dome-like,
juxtaposed or slightly-imbricate granular scales
intermixed with enlarged conical tubercles on
dorsum, covered with same type of granular
scales to dorsal side but fewer tubercles on
ventral side; scales of forearms similar to
brachium but more dilated and tubercles rarely
seen on ventral side; manus scales slightly-
raised or flat, juxtaposed, with one/one most-
enlarged, raised scale on carpus; one or two
strongly-raised hexagonal scales on base of
fingers; subdigital scales of fingers less than
twice as wide as adjacent rows, raised, trape‐
zoid except for terminal-most triangle scale,
juxtaposed or slightly-imbricate; 8-15-17-19-
14/9-15-18-17-13 subdigital scales on first to
fifth fingers, respectively; hind limbs longer
than forelimbs; dorsal to lateral surface of
femur and crus covered by well-raised dome-
like, juxtaposed or slightly imbricate granular
scales larger than those on trunk dorsum, inter‐
mixed with slightly to strongly enlarged coni‐
cal tubercles; tubercles on femur surrounded
by 10–14 (median=12) granular scales or other

tubercles; some hind-limb tubercles in contact
with other tubercles, with 12/16 contact points
on femur; femur ventral covered with enlarged,
slightly-raised, round, imbricate scales proxi‐
mally and with those similar to femur-dorsum
granular scales distally; ventral scales on crus
raised, round, slightly imbricate, aligned to
some extent; pes scales slightly-raised, polygo‐
nal, juxtaposed to slightly-imbricate, with
one/one most-enlarged, raised scale on base;
one or two strongly-raised round scales on
base of toes; subdigital scales of toes twice or
less as wide as adjacent rows, raised, trape‐
zoidal or rectangular except for terminal-most
triangle scale, slightly-imbricate; 9-15-20-21-
19/8-15-20-23-18 subdigital scales on first to
fifth toes, respectively; claws thick,
unsheathed, strongly recurved at terminal quar‐
ter, bordered by six small scales.

Tail intact, long, segments visible until 14th
from the base but not in more distal part;
caudal scales arranged in segmented whorls;
dorsocaudal scales up to twice as large as
dorsal granular scales, raised dorsoposteriorly,
round to squared, juxtaposed or slightly-
imbricate on caudal base, gradually decreasing
in size and height posteriorly; subcaudals
enlarged, flat, round to squared, imbricate on
base, gradually decreasing in size posteriorly;
each caudal segment has 14 (basal segment) to
11 (segment at half of tail) tubercle rows con‐
sisting of one or two enlarged tubercles strong‐
ly pointed dorsoposteriorly, gradually
decreasing in size and height; paravertebral
caudal tubercles separated by five to six scales.

In life (Fig. 5), iris reddish brown; ground
color of dorsal surface of head, trunk, and
limbs dark brown; nuchal loop rudimentary,
only present as small tanned-orange blotches
above ear openings and short transverse blotch
on center of occiput; MS-I complete, pale
orange in color, as wide as 6–8 (median=8)
granular scales; highly diffused DBs-I–IV
present, dark tanned-orange, as wide as 6–8
(median=7), 9–12 (11), 11–12 (11), and 8–13
(10) granular scales, respectively; DB-I
extending to forelimb insertion but slightly
separated by lateral dark-colored zone; DBs-II
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and III obliquely arranged from right to left
posteriorly; DB-IV extending to dorsolateral
sides of lumbar but not to hind limbs, with a
bright-colored tubercle row consisting of four/
five tubercles in a linear manner; amorphous,
roughly-equal to ear opening but various-sized,
light yellow blotches on head dorsum and
interspace regions of DBs-II, III, and IV (inter‐
space mottling); light yellow line between
supralabials and nostril–eye line; orbital
regions including upper eyelids bluish; eyelid
fringe orange; faded orange patches on dorsal
surface of elbow, proximal part of femur, and
knee; pale yellow tubercles on dorsal surface
of nape and trunk, lateral line of trunk, ventro‐
lateral sides of trunk, dorsal sides of limbs, and
hemipenal bulges; ventral side of head, trunk,
and limbs uniformly gray; ground color of tail
black; six white (partly interrupted) bands,
including tip of tail, encircle tail; saddle-
shaped white bands on interspace regions of
first to fourth proximal caudal bands on ventral
side of tail. In preservation, dark ground color
slightly heightened, mid-dorsal stripe, dorsal

bands, blotches, limb patches, and bright-
colored tubercles turned to gray.

Variation (Fig. 10)
The holotype of G. nebulozonatus is charac‐

terized within the conspecific individuals
examined by several features summarized in
Table 2: a relatively small-sized adult male
(when compared to other individuals examined
that reached a maximum of up to 93.9 mm);
upper limits of infralabials (7–10), internasals
(1–3), post-internasals (1–3), mid-body tuber‐
cle rows (21–27), paravertebral tubercles (24–
29), DB-I scales (4–7), DB-II scales (3–11),
DB-III scales (5–11), subdigital scales on the
fourth fingers (13–19), and subdigital scales on
the fourth toe (17–23); MS-IV absent (versus
50.5% individuals incomplete), nuchal loop
rudimentary (43.2% absent), DB-I present
(81% absent), and DB-I extending to forelimb
insertions (71.8% separated). Besides the
above characters, a female paratype KUZ
R88885 with 90.6 mm in SVL differs in
having markedly nebulous mid-dorsal stripe

Fig. 10.  Paratypes and a non-type specimen of G. nebulozonatus with various conditions of dorsal stripe
and banding patterns. (A; Benoki) KUZ R88885, with highly diffused dorsal bands; (B; Yona) TPN
77082102, with a completely faded pattern on the dorsum, (C; Yona) OPM H1502607, with sharp dorsal
stripe/band edges, and (D; Yona) OPM H1502609, with a complete dorsal stripe and no bands, respectively.
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and dorsal bands with faded dark brown areas,
and a tubercle-sized mottling on the head and
trunk dorsum (Fig. 10A). Brown granular
scales are scattered on the ventral surface of
the head. The dorsal pattern can be completely
absent as found in a non-type specimen TPN
77082102 (Fig. 10B). A paratype OPM-H
1502607 (Fig. 10C) and two non-type speci‐
mens (OPM H1044 and TPN 78042307) have
sharp mid-dorsal stripe and dorsal bands. Five
paratypes and seven non-type specimens lack
DBs-I–III, of which nine also lack DB-IV.
However, a paratype OPM H1502609 and two
non-type specimens (OPM H1043 and
H1502618) have a complete or nearly com‐
plete mid-dorsal stripe from the nape to the tail
base (Fig. 10D). Size, density, and distribution
of mottling on the head and trunk dorsum vary
among individuals: scarce mottling less than
half of ear-opening in size exists on the head
and those on the trunk dorsum mere tubercle-
sized in a paratype OPM H1502596, mottling
on the head forming network in a paratype
OPM H1502605, and no mottling from the
nape to the anterior part of the trunk dorsum in
a paratype OPM H1502613. Seven of 10
Kourijima individuals (photographic records
only) lack DBs-II and III and a sharp stripe/
band edge. Many paratypes and non-type spec‐
imens have regenerated part of the tail (e.g.,
TPN 77082102: Fig. 10B), which is thickened,
has no segmentation and tubercles, and shows
amorphous small bright blotches. Most of
juveniles, especially hatchlings, do not have
mottling on head and interspace regions of
trunk dorsum, and instead, uniformly gray or
black, or faded mottling if any. Hemipenal
bulges are not swollen in females and juve‐
niles. Intraspecific genetic divergence is
known between the Kunigami and Ogimi+
Kourijima areas based on mtDNA (Kurita et
al., 2018).

Etymology
The specific epithet nebulozonatus is from

the Latin nouns “nebula” (figuratively meaning
obscurity) and “zona” (band), referring to dif‐
fused transverse bands on the trunk dorsum in

this species.

Geographic range
The northern part of Okinawajima Island

(Kunigami Village, the northern part of Ogimi
Village, and probably Higashi Village) and
Kourijima Island of Nakijin Village, Okinawa
Prefecture, Japan.

Natural history
Goniurosaurus nebulozonatus is a nocturnal

and ground-dwelling gecko as other congeners
are. It is found in various environments, from
sandstone mountains to limestone karst, coastal
vegetation areas almost 0 m a.s.l. to mountain
forest approximately 400 m a.s.l. covered with
primary broad-leaved evergreen forests, as
well as in parks, graves, and roadsides with
considerable human disturbances. Gravid
females are observed from June to early
September, and juveniles appear in early
September. This species mainly consumes
large invertebrates, such as earthworms, spi‐
ders, centipedes, crickets, cockroaches, and
insect larvae (Kurita and Toda, 2022). The
presence of hybrid swarms with G. kuroiwae
are known from the north-central part of
Okinawajima.

Goniurosaurus kuroiwae (Namiye, 1912)
(Japanese name: Kuroiwa Tokage-modoki)

Gymnodactylus albofasciatus kuroiwae:
Namiye, 1912
Eublepharis kuroiwae kuroiwae: Nakamura &
Uéno, 1963 (in part)
Amamisaurus kuroiwae: Börner, 1981 (in part)
Goniurosaurus kuroiwae: Grismer, 1987 (in
part)
Goniurosaurus kuroiwae: Ota, 1989 (in part)
Goniurosaurus kuroiwae kuroiwae: Grismer et
al., 1994 (in part)
Goniurosaurus kuroiwae orientalis: Grismer et
al., 1994 (Iejima population)
Goniurosaurus kuroiwae kuroiwae: Honda et
al., 2014 (as southern Okinawajima popula‐
tion)
Goniurosaurus kuroiwae kuroiwae: Honda and
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Ota, 2017 (as southern Okinawajima popula‐
tion)
Goniurosaurus kuroiwae cf. kuroiwae: Honda
and Ota, 2017 (Iejima population)
Goniurosaurus kuroiwae: Kurita et al., 2018
(as southern species)

Holotype
NSMT H2525 (Fig. 11), a juvenile, putative‐

ly male, collected on September 1909 by Tsune
Kuroiwa (also Kou Kuroiwa or formally
Hisashi Kuroiwa) from Tano-dake Mountain
(locality [11] in Fig. 1), Nago City, Okinawa,
Japan (Namiye, 1912).

Other specimens/photographic records
examined

See Appendix 2 for examined specimens. In
summary, four specimens from Genka–Haneji
area, Nago City, one from Motobu Town, two
from Sesokojima Island, one from Yomitan
Village, one from Uruma City, 67 from Naha

Fig. 11.  The holotype of Goniurosaurus
kuroiwae (NSMT H2525). Dorsal (top), lateral
(middle), and ventral (bottom) views, with
collection label information.

City, 60 from Seihua Utaki, Nanjo City, one
from Yaese Town, and six from Iejima Island.
In addition, the following photographic records
were examined: 10 from Genka–Haneji, seven
from Yagajijima, seven from Aritsu, Nago, 18
from Ohkawa, Nago, 59 from Motobu, two
from Sesokojima, 20 from Ginoza Town, 21
from Yomitan, three from Okinawa–Uruma, 19
from Urasoe–Naha, two from Seihua, 54 from
Nanjo–Yaese, three from Itoman City, and 65
from Iejima.

Diagnosis (Table 2)
A moderate-sized Goniurosaurus gecko (ca.

75–95 mm SVL for adults; can exceed 100 mm
[Tanaka and Nishihira, 1989]). See the diagno‐
sis section of the description of G. nebulo‐
zonatus for discrimination of G. kuroiwae from
the other congeners. Goniurosaurus kuroiwae
differs from G. nebulozonatus in satisfying
more than half of the following five character
status: 6–37 tubercles contacts with each other
in the femur region (versus 4–20 in G. nebulo‐
zonatus); two or more most-enlarged scales on
the pes base (versus single most-enlarged
scale); MS-III complete or incomplete (versus
absent); DB-III absent (versus present); and
dorsal stripes/bands sharp (versus diffused).
This species and G. yunnu have not been
directly compared.

Description of holotype
A juvenile, putatively male as judged from

slightly swollen hemipenal bulges. The mea‐
surements of the holotype are: snout–vent
length 50.2 mm; head length 15.0 mm; head
width 10.2 mm; head depth 5.9 mm; snout
length 5.5 mm; jaw length 9.2 mm; jaw width
8.6 mm; eye diameter 3.9 mm; interorbital
width 1.9 mm; ear opening length 1.4 mm
(right side); nape width 6.0 mm; axilla–groin
length 20.1 mm; brachial length 6.7 mm; fore‐
arm length 8.0 mm; femur length 9.9 mm; crus
length 10.9 mm; and tail length 49.2 mm.

Head moderate in size, triangle, distinct
from neck in dorsal profile, flat, equal to neck
in lateral profile; snout short, acute angle in
dorsal view, snout tip convex in lateral view;
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nostril round, opens laterally; eye large, opens
laterally, covered with movable eyelids, not
seen in ventral view; pupil difficult to observe;
Interorbital region narrow, mouth slit deep,
posterior tip not exceed posterior edge of eye,
followed by shallow dermal lobe not reaching
ear opening; ear opens laterally, elongated in
dorsoposterior–ventroanterior direction; scales
on head granular, weakly raised, juxtaposed,
interspaced with dome-shaped or shallow-
conical tubercles posterior to level of ear open‐
ing on dorsal, posterior to eye opening on
lateral surfaces; rostral rectangle, high as
exceeds the level of nostril center, twice as
wide as height, slightly concave dorsal edge
without notch/groove, bordered by one inter‐
nasal, supranasals, nasals, and first supralabi‐
als; nasal bordered by rostral, supranasal, first
supralabial, and eight/nine granular or slightly-
enlarged flat scales; one post-internasal; 23/23
snout scales including one enlarged scales
anterior to eye; 10/8 tubercles on basal edge of
eyelid; a row of slightly-enlarged conical
scales and a row of slightly-enlarged slightly-
raised conical scales on marginal edge of
eyelid; 61/63 scales surrounding eye; a spinal
tubercle on anterior edge of ear opening; 9/9
supralabials extending to the level of center of
eye; 9/10 infralabials exceeding eye center but
not reaching posterior edge of eye; mental tri‐
angular, wider than height, has round posterior
tip reaching anterior edge of second infralabi‐
als, bordered by first infralabials and five post‐
mentals; nine post-postmentals; two to four
(increasing in number posteriorly) enlarged flat
scale rows along with infralabials; scales on
ventral side of head small granular, slightly-
raised conical, juxtaposed, interspaced with
slightly-enlarged, raised tubercles posterior to
level of center of eyes; throat scales larger than
head-vent scales, round, raised anteriorly, jux‐
taposed or slightly-imbricate.

Body slender, elongate, almost cylindrical in
section view; no obvious axillary pockets;
hemipenal bulges slightly swollen; left side of
posterior trunk dissected; small, smooth,
dome-shaped granular scales almost equal in
size juxtaposed through trunk dorsum–ventro‐

lateral, intermixed with smooth enlarged coni‐
cal tubercles irregularly arranged; dorsal
conical tubercles various in size, with large
ones bordered by 11–14 (median=12) granular
scales, pointed distally on trunk, distal-
posteriorly on lumbar and base of tail; 28/27
paravertebral tubercles; 24 or 25 (median=25)
mid-body tubercle rows; 134 granular scales
on transverse row of mid-body; ventral scales
195, slightly-enlarged, round to oval, slightly-
raised slightly-imbricate on thorax to enlarged,
flat, imbricate on hind-limb insertions; no pre‐
cloacal/femoral pores; scales around cloaca
small, oval, raised, slightly-imbricate; 16 post‐
cloacal scales; four/four strongly-raised post‐
cloacal tubercles on edge of hemipenal bulges;
a pair of enlarged scales on mid-ventral part of
posterior edge of hemipenal bulge.

Forelimbs moderate length, robust; brachi‐
um covered with small, raised dome-like, jux‐
taposed or slightly-imbricate granular scales
intermixed with enlarged dome-shaped tuber‐
cles on dorsum, ventral side covered with same
type of granular scales to dorsal side but fewer
tubercles; scales of forearms similar to brachi‐
um but more dilated and tubercles rarely seen
on ventral side; manus scales raised, juxta‐
posed, with one/one most-enlarged, raised
scale on carpus; one or two strongly-raised
hexagonal scales on base of fingers; subdigital
scales of fingers less than twice as wide as
adjacent rows, raised, trapezoid except for
terminal-most triangle scale, juxtaposed or
slightly-imbricate; 7-13-14-13-10/8-12-15-15-
11 subdigital scales on first to fifth fingers,
respectively; hind limbs longer than forelimbs;
dorsal to lateral surface of femur and crus cov‐
ered by granular scales small but larger than
those on trunk dorsum, well-raised dome-like,
juxtaposed or slightly imbricate, and slightly to
strongly enlarged conical tubercles; tubercles
on femur surrounded by 10–13 (median=12)
granular scales or other tubercles; some hind-
limb tubercles in contact with each other,
17/14 contact points on femur; femur ventral
covered with enlarged, round, slightly-raised,
juxtaposed or slightly-imbricate scales proxi‐
mally and those similar to femur-dorsum gran‐
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ular scales distally; ventral scales on crus
round, slightly-raised, slightly-imbricate,
aligned to some extent; pes scales polygonal,
raised, juxtaposed to slightly-imbricate, with
one/one most-enlarged, raised scale on base;
one or two strongly-raised round scales on
base of toes; subdigital scales of toes twice or
less as wide as adjacent rows, trapezoidal or
rectangular except for terminal-most triangle
scale, raised, slightly-imbricate; 8-14-16-17-
17/8-12-16-18-15 subdigital scales on first to
fifth toes, respectively; claws thick,
unsheathed, strongly recurved at terminal quar‐
ter, bordered by six or seven (left third finger,
left fifth toe, and right fifth toe) small scales.

Tail intact, long, segments visible until 17th
from the base but unclear in more distal part;
caudal scales arranged in segmented whorls;
dorsocaudal scales up to twice as large as
dorsal granular scales, raised dorsoposteriorly,
round to squared, juxtaposed or slightly-
imbricate on caudal base, gradually decreasing
in size and height posteriorly; subcaudals
enlarged, flat, round to squared, imbricate on
base, gradually increasing in size to mid-level
of tail length and decreasing in size further
posteriorly; each caudal segment has 12 (basal
segment) to 10 (segment at half of tail) tuber‐
cle rows consisting of one or two enlarged
tubercles strongly pointed dorsoposteriorly,
gradually decreasing in size and height; para‐
vertebral caudal tubercles on first to fifth basal
segments of tail preceded by a smaller tuber‐
cle; the biggest tubercles separated by four to
six scales.

Color of iris lost in preservation; ground
color and pattern of head almost faded; ground
color of dorsal surface of trunk, limbs brown;
MSs-I and II complete, as wide as six or seven
(seven in median) and five or six (six in
median) granular scales, respectively; MSs-III
and IV absent; nuchal loop may absent, as
original description of this species having
reported (Namiye, 1912); DBs-I–III absent; a
small shoulder patch present on the right side,
separated from the base of forelimb insertion,
followed by same-sized bright patch on anteri‐
or trunk; a short transverse blotch present at

the level DB-III; DB-IV present, extending to
dorsolateral sides of lumbar, with a bright-
colored tubercle row consisting of three/three
tubercles in a linear manner, but not to hind
limbs; no interspace mottling on trunk dorsum;
a faded patch on dorsal surface of proximal
part of left femur; no obvious pattern on ven‐
tral side of head, trunk, and limbs; ground
color of tail brown, slightly-darker than trunk;
five white bands encircling tail including tip of
tail; diffused, saddle-shaped white bands on
interspace regions of first to third proximal
caudal bands on ventral side of tail.

Variation (Fig. 12)
The Iejima population differs from the

remaining populations of this species especial‐
ly in dorsal patterns (Table 2); MSs-III and IV
absent; obvious occipital patch; DBs-I–IV
present and broad; lateral extension of DB-I
connecting to forelimb insertion; and a larger
number of tubercles on the lateral edge of DB-
IV (Fig. 12D and E). However, these features
are not fixed within the Iejima population:
some individuals possess almost complete
mid-dorsal stripes and no transverse bands,
which is quite similar to typical Okinawajima
individuals.

Most characters of the holotype of G.
kuroiwae are in the ranges of those of the pop‐
ulations except for Iejima (Table 2). The holo‐
type differs from the majority of Okinawajima
specimens in having a single most-enlarged
scale on the base of pes (86.9% individuals
having two or more most-enlarged scales),
lacking MSs-III and IV (48.9% and 66.3%
complete, respectively), and having DB-IV
(71.3% absent). Among the individuals exam‐
ined, the presence/absence, size, density, and
distribution of mottling on the head and trunk
dorsum vary (Fig. 12A–C). Ontogenetic
changes of dorsal pattern are slight and funda‐
mental factors of the pattern for each individu‐
als, such as shapes and notches of MSs, do not
change with growth (Tokutake et al., 2018).

Etymology
The specific epithet kuroiwae is in honor of
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the collector of the holotype of this species,
Tsune Kuroiwa (1858–1930; formally, Hisashi
Kuroiwa; spelled also as Kou Kuroiwa infor‐
mally), who was the principal of the Kunigami
Agricultural School (Namiye, 1912).

Geographic range
The north-central to the southern part of

Okinawajima Island (the region south of Nago
City and Motobu Peninsula), Yagajijima
Island, Sesokojima Island, and Iejima Island,
Okinawa Prefecture, Japan.

Discussion

Taxonomic treatment and identification of G.
nebulozonatus and G. kuroiwae

Goniurosaurus nebulozonatus, as well as G.
kuroiwae, encompass wide morphological vari‐
ation within species, and a glance at the former
is sometimes similar to the latter in some
aspects and vice versa (Figs. 5 and 9–12). Nev‐
ertheless, the random forest modeling and the

heat map of the rate of confusion (Fig. 4) indi‐
cated that individuals of each species have a
certain morphological affinity in total features.
An exception is the Iejima population of G.
kuroiwae, which tended to be confused with G.
nebulozonatus in the morphological analyses.
The Iejima population differs from other con‐
specific populations in having DB-III (91.5%
of examined individuals versus absent in the
Okinawajima population [92.8%]) and a larger
number of tubercles on the DB-IV edge (3–11
in the Iejima population versus 0–6 in the
latter) (Table 2). Despite such morphological
differences, the Iejima population is genetical‐
ly very close to other populations of G.
kuroiwae in mitochondrial and nuclear DNA
markers (Honda et al., 2014; Kurita et al.,
2018; this study). These results suggest a rapid
morphological divergence in the former popu‐
lation after it was isolated from a part of G.
kuroiwae, but its reason is unclear at the
moment. In this study, the Iejima population
was treated as a variation in G. kuroiwae, but

Fig. 12.  Variation in the dorsal pattern of G. kuroiwae. (A; Tano-dake, Nago) KUZ R88886, a topotype
specimen with nearly complete dorsal stripes interrupted in places; (B; Seihua, Nanjo) OPM H1502622 with a
complete dorsal stripe; (C; Seihua, Nanjo) OPM H1502589 with the absence of MS-III and the presence of
DBs-I and II; (D; Iejima) KUZ R73392 with broad, sharp-edged dorsal bands and MSs-I and II, and (E;
Iejima) KUZ R73394 with an almost-complete mid-dorsal stripe but no transverse bands.
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future studies on the evolutionary background
of this unique population may require further
taxonomic revision.

The species identification based on the
majority rule of five scale and dorsal-pattern
characteristics (see diagnosis) functioned well
with 80%–100% accuracy at the species level
(Table 3), except for the geckos from the

Iejima population. In this system, five of the
six specimens from Iejima were erroneously
assigned to G. nebulozonatus. However, the
identification accuracy was improved to 83%
(five out of the six individuals were correctly
assigned) when the other three characters were
added specifically for the Iejima population.

All Goniurosaurus species in the Ryukyus

Table 3.  The numbers of correctly and mistakenly identified individuals of G. nebulozonatus and G.
kuroiwae based on the combinations of diagnostic characters at the species level and at the locality level. The
numbers in parentheses for populations correspond to Fig. 1. The numbers in brackets indicate the number of
diagnostic characters used. Double daggers and asterisks indicate the holotypes of G. nebulozonatus (GN) and
G. kuroiwae (GK), respectively.

ID scale+pattern [5]
 

ID scale+pattern [5+3]
 

ID color pattern only [5]

GN GK GN GK GN GK

G. nebulozonatus 33 (0.94) 2 (0.06)  34 (0.97) 1 (0.03)  253 (0.93) 20 (0.07)
(1) Ginama  74 (1.00) 0 (0.00)
(2) Oku ‡ 1 (1.00) 0 (0.00)  ‡ 1 (1.00) 0 (0.00)  ‡ 63 (0.98) 1 (0.02)
(3) Benoki 1 (1.00) 0 (0.00)  1 (1.00) 0 (0.00)  35 (1.00) 0 (0.00)
(4) Ada  1 (1.00) 0 (0.00)
(5) Yona 23 (1.00) 0 (0.00)  23 (1.00) 0 (0.00)  43 (0.90) 5 (0.10)
(6) Aha  2 (1.00) 0 (0.00)
(7) Hentona-Yonaha 8 (0.80) 2 (0.20)  9 (0.90) 1 (0.10)  15 (0.88) 2 (0.12)
(8) Kijoka  18 (0.82) 4 (0.18)
(9) Kourijima  2 (0.20) 8 (0.80)

Hybrid swarm  30 (0.68) 14 (0.32)
(10) Tsuha  17 (0.71) 7 (0.29)
(11) Arume  13 (0.65) 7 (0.35)

G. kuroiwae (excl. Iejima) 4 (0.03) 133 (0.97)  12 (0.09) 125 (0.91)  57 (0.16) 305 (0.84)
(12) Genka-Haneji 0 (0.00) * 4 (1.00)  * 3 (0.75) 1 (0.25)  5 (0.36) * 9 (0.64)
(13) Yagajijima  1 (0.14) 6 (0.86)
(14) Aritsu  0 (0.00) 7 (1.00)
(15) Ohkawa  7 (0.39) 11 (0.61)
(16) Motobu 0 (0.00) 1 (1.00)  0 (0.00) 1 (1.00)  13 (0.22) 47 (0.78)
(17) Sesokojima 0 (0.00) 2 (1.00)  0 (0.00) 2 (1.00)  0 (0.00) 4 (1.00)
(18) Ginoza  10 (0.50) 10 (0.50)
(19) Yomitan 0 (0.00) 1 (1.00)  0 (0.00) 1 (1.00)  2 (0.09) 20 (0.91)
(20) Okinawa-Uruma 0 (0.00) 1 (1.00)  0 (0.00) 1 (1.00)  0 (0.00) 4 (1.00)
(21) Urasoe-Naha 2 (0.03) 65 (0.97)  6 (0.09) 61 (0.91)  13 (0.15) 73 (0.85)
(22) Seihua 1 (0.02) 59 (0.98)  2 (0.03) 58 (0.97)  3 (0.05) 59 (0.95)
(23) Nanjo-Itoman 1 (1.00) 0 (0.00)  1 (1.00) 0 (0.00)  3 (0.05) 55 (0.95)

G. kuroiwae (Iejima) 5 (0.83) 1 (0.17)  1 (0.17) 5 (0.83)  50 (0.70) 21 (0.30)
(24) Iejima 5 (0.83) 1 (0.17)  1 (0.17) 5 (0.83)  50 (0.70) 21 (0.30)
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are endangered and protected, and a substantial
number of specimens are only available from a
limited number of populations. Therefore, the
effective use of non-invasive photographic
records was considered. The morphological
analyses also provided a diagnosis based only
on dorsal-pattern characters to discriminate G.
nebulozonatus and G. kuroiwae. The results
suggest that the dorsal pattern characteristics
generally functioned well in identifying these
species, although the identification accuracy
still varies depending on the population (Table
3). Identifications using photo images may
enable researchers to conduct field surveys
easily, especially for nonprofessional scientists
because it is generally not easy for them to get
permission to directly handle the animals. Fur‐
ther improvement in species identification
accuracy by dorsal patterns is needed to stimu‐
late future studies.

Phylogenetic implications of the Ryukyu
Goniurosaurus species

Based on SNP data, the result of the phylo‐
genetic inference for the Goniurosaurus spp. in
the Okinawa Islands Group is largely congru‐
ent with the phylogenetic tree based on
mtDNA depicted by Honda et al. (2014). Both
studies indicated existences of three groups:
(1) G. toyamai in Iheyajima, (2) G. kuroiwae
and G. nebulozonatus in Okinawajima and sev‐
eral satellite islands, and (3) G. orientalis, G.
yamashinae, and G. sengokui on the south‐
western islands (Fig. 2). The relationship
among these three groups was unresolved in
this study, whereas the unity of G. kuroiwae
and G. nebulozonatus was not well-supported
by Honda et al. (2014). The genetic feature of
the population of G. sengokui from Akajima
were examined for the first time in this analy‐
sis. This population was considered extinct
because of the long absence of a second record
after the first discovery in 1981 (Toyama,
1983; Honda and Ota, 2017). Therefore,
Honda and Ota (2017) examined a single
record (photograph) for this putative popula‐
tion and put it in G. sengokui. Afterward, the
gecko was rediscovered from the island, and

we had a chance to examine them. The adequa‐
cy of placing the Akajima population in G.
sengokui was supported by molecular data in
this study (Fig. 2).

Among the phylogeography of amphibians
and reptiles in the Okinawa Islands Group,
Iheyajima (and a few nearby islands) popula‐
tions are often diverged first from other popu‐
lations, e.g., Hebius pryeri (Kaito and Toda,
2016), Sinomicrurus boettgeri (Kaito et al.,
2017), Microhyla okinavensis (Tominaga et al.,
2019), and Ateuchosaurus okinavensis
(Makino et al., 2020, 2023), but see the cases
of Plestiodon marginatus (Kurita and Hikida,
2014) and Buergeria japonica (Tominaga et
al., 2015). Iheyajima and nearby islands are
located on a submarine plateau isolated from
the major plateau consisting of most other
islands, including Okinawajima. These two
plateaus are separated by a sea of >200 m in
depth; thus, they may have been isolated from
each other for a long time. Remarkable genetic
divergences of the Iheyajima (and nearby
islands) populations in several species includ‐
ing G. toyamai may reflect this geographical
feature.

The genetic divergence between the popula‐
tions in Okinawajima and the southwestern
islands is puzzling. The latter is located in the
same submarine plateau as the former, and at
least Tokashikijima and Akajima (as well as
many surrounding islands) have been connect‐
ed with Okinawajima during the last glacial
maxima (Japan Association for Quaternary
Research, 1987). Therefore, all amphibians and
reptiles on Tokashikijima have conspecific
populations in Okinawajima except for G.
sengokui. Even at the intraspecific level, the
Tokashikijima and Akajima populations
seldom diverge from populations on Okinawa‐
jima, e.g., Cynops ensicauda (Tominaga et al.,
2010), Echinotriton andersoni (Honda et al.,
2012), B. japonica (Tominaga et al., 2015), M.
okinavensis (Tominaga et al., 2019), H. pryeri
(Kaito and Toda, 2016), S. boettgeri (Kaito et
al., 2017), and A. okinavensis (Makino et al.,
2020), but see the case of Babina holsti
(Tominaga et al., 2014). The large genetic dif‐
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ferentiation between these two regions in
Goniurosaurus is open to question. Kurita et
al. (2018) argued that the deeper genetic diver‐
gence among allopatric populations in Goniuro‐
saurus geckos might be caused by more
frequent retention of previously diverged local
lineages when population size had shrunk in
the geohistorical time scale. This study detect‐
ed a certain degree of genetic divergence even
between Akajima and Tokashikijima, although
the two islands are only 5 km away from each
other in a shallow sea. Despite the possible
contact of Goniurosaurus populations there
during the last glacial maxima, they have
somewhat retained their genetic features. This
argument might be highly related to why G.
kuroiwae and G. nebulozonatus do not fuse
genetically. Also, it cannot be explained at the
moment how and where these two species in
Okinawajima emerged. More extensive
genomic analyses of detailed population histo‐
ries may answer these questions.
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