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Abstract: We report the presence of nucho-dorsal glands in Rhabdophis
guangdongensis. This recently described species is the 18th member of the
genus known to possess integumentary defensive glands. Nine to ten pairs of
nuchal glands, separated by a diastema from 116-118 pairs of dorsal glands
were observed in two specimens. Because the species was previously known
only from the female holotype, we also report data on the size and scalation of
five additional specimens and on the morphology of the hemipenis.
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INTRODUCTION

Rhabdophis guangdongensis was first
described by Zhu et al. (2014) based on a
female specimen (filed No. SYS r000018)
from Aizhai Village, Renhua County, Guang-
dong Province, China. The new species was
established on the basis of color pattern,
scalation, and molecular distinctiveness.

*Corresponding author.

E-mail address: ZhuGX0711@163.com

#These authors have contributed equally to this
work.

However, only a single specimen was available
at the time of the description.

Nuchal glands were first described in R.
tigrinus (Nakamura, 1935). The organs are
embedded in the dermis of the neck region as
a series of paired glands and are considered to
have defensive function that is reflected in
their unique chemical and behavioral features
(Mori et al,, 2012). Nuchal glands and the
homologous nucho-dorsal glands (which
extend the full length of the body; Smith,
1938) have been found in 17 species of Rhab-
dophis (which now includes the nominal
genera Balanophis and Macropisthodon)
(Mori et al., 2012, 2016a, b, c; Takeuchi et al.,
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2018). Rhabdophis guangdongensis is a
member of this monophyletic group, but it
was not known whether it possesses nuchal or
nucho-dorsal glands.

Here we report data from five additional
specimens that confirm the validity of R.
guangdongensis as a member of the “nuchal
gland clade” described by Takeuchi et al.
(2018). Moreover, we dissected two specimens
of R. guangdongensis to determine whether
this species possesses nuchal or nucho-dorsal
glands. Finally, we present supplementary
data on the size and scalation of this species,
as well as the first description of the hemipenis.

MATERIALS AND METHODS

Sampling

This study is based on five specimens of R.
guangdongensis collected in Wutongshan,
Shenzhen, Guangdong Province (SICAU
20160801-91 and SICAU201509013-305),
Nankunshan, Huizhou, Guangdong Province
(ZL-RG-2018-0421; Fig. 1A), Yinpingshan,
Dongguan, Guangdong Province (ZL-RG-
2014-4-10; Fig. 1B), and Tianjingshan,
Shaoguan, Guangdong Province (ZL-RG-
2017-0423; Fig. 1C). The sample number
shows the exact date of collection. Skin glands
were examined in two of those specimens
(SICAU201509013-305 and ZL-RG-2017-
0423). The hemipenes were examined in one
specimen (SICAU20160801-91). Identifica-
tion of these five individuals was based on the
description by Zhu et al. (2014) and
confirmed by our molecular analysis. Fresh
liver tissue was collected from all specimens
and immediately preserved in 95% ethanol.
The specimens were then fixed in 10%
buffered formalin and later transferred to
70% ethanol.

Phylogenetic analyses

The phylogeny was generated from the
concatenated sequences of cytochrome b (cyt
b) and c-mos. Sequences are aligned by Mega
5.0 (Tamura et al., 2011). We analyzed 37
sequences from species in the genus Rhabdo-

phis, and used Pseudagkistrodon rudis (three
sequences) and Hebius atemporale (one
sequence) as outgroups. The sequences used
for constructing a phylogenetic tree are shown
in Appendix I. We analyzed the molecular
data using both Bayesian inference (BI) and
maximum likelihood (ML). The best-fitting
model of sequence evolution for BI was
obtained using PartitionFinder 2.1.1 (Lanfear
et al., 2017), according to the Bayesian infor-
mation criterion (Schwarz, 1978), using
MrBayes 3.1.2 (Huelsenbeck and Ronquist,
2001). For the BI analysis, posterior distribu-
tions were obtained by Markov Chain Monte
Carlo (MCMC) analysis, with four chains for
10 million generations and sampled every
100th generation. The first 25% of the trees
were discarded (burn-in). Maximum likeli-
hood analyses were performed with RAXML
8.2.10 (Stamatakis, 2014) wunder the
GTRGAMMA model and included 1000
bootstrap replicates.

Examination of morphology, integumentary
glands, and hemipenes

We peeled the skin to expose the skin
glands as described by Mori et al. (2016a).
The length and width of the first five, last five
and every 25th intervening glands were meas-
ured as in Mori et al. (2016a). Moreover, we
calculated the area of the gland as
length Xwidth; length was measured parallel
to the longitudinal body axis, and width was
measured along the transverse axis. The posi-
tion of the glands in relation to dorsal scale
rows was recorded as follows: the middorsal
scale row, along the vertebral line, was defined
as row zero, and the number of scale rows was
counted in the ventrolateral direction on each
side until reaching the scale under which the
glands were positioned.

The following morphological characters
were measured with a ruler to the nearest
millimeter: snout-vent length (SVL) and tail
length (TaL). The following scale counts were
recorded: number of supraoculars (SPO),
preoculars (PRO), postoculars (PTO), loreals
(LR), temporals (TEM), supralabials (SL),
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F1G. 1. Photos of Rhabdophis guangdongensis. A: Z1L-RG-2018-0421; B: ZL-RG-2014-4-10; C: ZL-

RG-2017-0423. Photos by Liang Zhang.

infralabials (IL), ventrals (VEN), dorsal scale
rows (DSR), and subcaudals (SC). Character
definitions and counting methods followed
Zhao (2006). Identification of sex was
performed by dissection. The method of
everting and fixing the hemipenis followed
Jiang (2010), and hemipenial morphology
follows Dowling and Savage (1960) and
Zhang et al. (1984).

RESULTS

Phylogenetic analysis

The topological structure of the ML and BI
trees are nearly identical (data not shown).
The five recently collected specimens reported
in this study are grouped with the holotype of
R. guangdongensis (SYS r000018), with high
support (Fig. 2). These phylogenetic results,
combined with the distinctive coloration and

morphological characteristics of these speci-
mens, are consistent with the original descrip-
tion of R. guangdongensis (Zhu et al., 2014;
see below), confirming the identity of these
new specimens.

Morphological supplementary descriptions
of Rhabdophis guangdongensis

The coloration of the new specimens in life
closely resembled that of the holotype (Fig. 1;
also see figures of Zhu et al., 2014). Following
preservation in ethanol, the colors faded from
grey-brown to gray and from orange to
yellowish-white.

The scalation and measurements of the five
new specimens is shown in Table 1 and are
compared with values for the holotype. All six
of those specimens share these characteristics:
DSR 15 throughout; dorsal scales feebly
keeled except the outermost rows, which are
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FiG. 2. Bayesian inference and maximum likelihood phylogenetic tree based on concatenated
cytochrome b and c-mos gene sequences. The phylogenetic tree shown is based on the Bayesian tree
topology, adding the posterior probability (PP) and bootstrap (BS) values of the nodes (PP/BS). Hyphen
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smooth; SPO, PRO, and LR single; SL six.
However, PTO vary from 2-3 and IL vary
from 7-8 in the new specimens. The maxillary
dentition is similar to that of other Rhabdo-
Dphis species, with the last two teeth enlarged.

SICAU20160801-91 is the only male speci-
men and has the shortest SVL (341 mm) and
the longest TaL (94 mm) of any other speci-
men. This result is consistent with the longer
tail of males in most other snake species.
VEN and SC in this male specimen are 123
and 44, respectively. By comparison, the mean
VEN and SC of the five known females
(including the holotype) are 125.2 and 41.2,
respectively.

Nucho-dorsal glands

In each of the two dissected specimens, two
longitudinal rows of the nucho-dorsal glands
were found. The nucho-dorsal glands occur
throughout the entire length of the body (Fig.
3), except for a diastema of approximately 10
body segments between the glands of the neck
and body (Fig., 3Al, 3BI). For SICAU
201509013-305, nine pairs of glands were

found in the neck region (the first one on the
left is not shown due to an error in peeling the
skin, but it was present; see Fig. 3A1). Here-
after, this series of glands is referred to as the
nuchal glands. ZL.-RG-2017-0423 has 10 pairs
of nuchal glands (Fig. 3B1). The nuchal
glands start at the posterior margin of the
parietals and extend under the dorsal scales to
the level of the eighth ventral scale. These
nine or ten nuchal glands gradually become
larger and are located between the first and
second dorsal scale row from the midline.

The trunk series, referred to as the dorsal
glands, are noticeably smaller than the nuchal
glands (Fig. 3Al). They are essentially
symmetrical and total 118 and 116 pairs in
SICAU201509013-305 and ZL-RG-2017-
0423, respectively. Approximately one pair of
dorsal glands is associated with each ventral
scale. The dorsal glands are located between
the second and third dorsal scale rows from
the midline. The dorsal glands tended to be
larger in the midbody than in the anterior or
posterior trunk (Fig. 4, Appendix II).
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Hemipenes

The retracted hemipenis extends to the
twelfth subcaudal, and the fork is at the level
of the tenth subcaudal. The everted hemipe-
nis is bilobed (Fig. 5). The organ measures
17.16 mm and the lobes measure 2.05 mm
(12% of hemipenial length). The entire ever-
ted hemipenis bears spines, which gradually
increase in size toward the base of the organ.
There is a large basal spine located opposite
to the base of the sulcus spermaticus. The
sulcus extends up the center of the base and
along the proximal three-quarters each lobe.
The edges of the sulcus are smooth.

DiscussioN

This report of nucho-dorsal glands in R.
guangdongensis raises the number of species
that possess nuchal glands or nucho-dorsal
glands to 18. Rhabdophis guangdongensis
was the only species included in the molecular
phylogeny of Takeuchi et al. (2018) for which
the condition of the nuchal glands was not
known (Other six species of Rhabdophis
lacked both information on their defensive
glands and sequence data, and thus were not
included in that phylogenetic analysis or
ours). Our phylogenetic tree is similar in a
number of respects to that of Takeuchi et al.
(2018), although there are also several impor-
tant differences. The similarities include a
monophyletic “nuchal gland clade” (NGC;
sensu Takeuchi et al., 2018), which includes
all those species of Asian natricines for which
either nuchal or nucho-dorsal glands are
known, as well as three species for which data
on the presence of the glands is either ambig-
uous or reflects intraspecific variation. As in
the phylogeny of Takeuchi et al. (2018), our
analysis places R. conspicillatus and R.
chrysargos outside the NGC, and we recover
R. plumbicolor as the most basal member of
the NGC. Our analysis also finds that R.
flaviceps and R. murudensis form a sister-
species pair, as do R. ceylonicus and R. hima-
layanus. These results support the synonymy
of Macropisthodon (formerly including R.

Downloaded From: https://complete.bioone.org/journals/Current-Herpetology on 15 Jul 2025

Terms of Use: https://complete.bioone.org/terms-of-use



ZHU ET AL.—NUCHO-DORSAL GLANDS OF RHABDOPHIS GUANGDONGENSIS 113

R
>
>
>
>
>
>
>
>

AAAAAAAA

Yy
Y Y Y¥vyyy
AAAA K ARRL

Fi1G. 3. Nucho-dorsal glands of Rhabdophis guangdongensis (A: SICAU201509013-305; B: ZL-
RG-2017-0423). (1) The glands in the neck and anterior part of the body; (2) in the middle part of the
body; (3) in the posterior part of the body. Black arrowhead indicates nuchal gland, red arrowhead
represents dorsal gland; (4) no gland on the tail. Photo by Yuqi Cheng and Guang-Xiang Zhu.

plumbicolor and R. flaviceps) and Balano-
phis (formerly including R. ceylonicus) in
Rhabdophis, as proposed by Takeuchi et al.
(2018). Our results also support the mono-
phyly of the three species of the R. tigrinus
group, with R. formosanus sister to R. tigri-
nus+R. lateralis (Takeuchi et al., 2011, 2014,
2018). Finally, we agree with Takeuchi et al.
(2018) in recovering a derived clade that
includes R. nuchalis, R. pentasupralabialis,
and R. leonardi, known as the R. nuchalis
group (Yoshida et al., 2020). Furthermore,
both Takeuchi et al. (2018) and we find that
R. guangdongensis and R. swinhonis are
more closely related to the R. nuchalis group
than to other Rhabdophis. However, our
analysis places R. swinhonis closer to that

group than is R. guangdongensis, whereas
Takeuchi et al. (2018) consider R. guangdon-
gensis closer to the R. nuchalis group than is
R. swinhonis. Importantly, all three species of
the R. nuchalis group possess nucho-dorsal,
rather than nuchal, glands, as does R. guang-
dongensis (Mori et al., 2012). The condition
of the nuchal glands in R. swinhonis is uncer-
tain and may vary intraspecifically (Takeuchi
et al., 2018).

In addition to the relative order of R.
guangdongensis and R. swinhonis as succes-
sive sister taxa to the R. nuchalis group, there
are several other differences between the
phylogeny of Takeuchi et al. (2018) and ours.
Those authors recognize R. adleri as sister to
R. callichromis, and those two as sister to R.
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FiG. 4. Sizes of the dorsal glands (A: SICAU201509013-305; B: ZL-RG-2017-0423). The nuchal series
of glands is not included. See Appendix II for measurements.

nigrocinctus. Our phylogeny, in contrast,
places R. adleri as sister to R. guangdongen-
sis+R. swinhonis+R. nuchalis group. We
recover R. nigrocinctus as sister to R. submi-
niatus, and the position of R. callichromis is
not fully resolved in our phylogeny. Further-
more, Takeuchi et al. (2018) placed R. submi-
niatus considerably closer to the base of the
NGC than does our phylogeny. Of the 41
molecular samples included in our analysis, 19
(46%; Appendix I) are not represented in the
phylogeny of Takeuchi et al. (2018). Taken
together, these results suggest a reasonable
level of agreement on the phylogeny of this
genus, although a number of taxa remain to
be placed with confidence on the tree.

Takeuchi et al. (2018) found evidence of
substantial variation within several nominal
species, so it is possible that differences in
population sampling could explain some of
the inconsistencies between our trees.

The pattern of variation in the size of
dorsal glands along the trunk in R. guangdon-
gensis is similar to that observed in R. nucha-
lis, R. pentasupralabialis, and R. adleri, with
the largest glands occurring in the middle part
of the trunk (Mori et al., 2016a, ¢). Moreover,
R. guangdongensis, along with R. nuchalis
and R. pentasupralabialis, possesses a
diastema between the nuchal and dorsal
glands (Mori et al., 2016c). However, arrange-
ment of nucho-dorsal glands is highly variable
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Fic. 5. The of  Rhabdophis

hemipenis
guangdongensis (SICAU20160801-91). Drawing
by Shijun Yang.

among species, and the number of glands and
the length of the diastema also vary inter- and
intraspecifically (Smith, 1938; Mori et al.,
2016¢). It is not yet known whether this varia-
tion reflects differences between populations
or only between individuals (Mori et al.,
2016¢).

This is the first description of the hemipe-
nis of R. guangdongensis, and the organ is
similar to that of most other Rhabdophis,
such as R. nuchalis, R. adleri, and R.
leonardi (Zhu et al., 2013).
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