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Abstract

In the present paper we reassess the taxonomy of the Pareas margaritophorus-macularius species complex based on an integrative ap-
proach including morphological and molecular data from type, historical, and newly collected specimens. The name Pareas anderso-
nii Boulenger, 1888 is revalidated for the populations of Myanmar (Kachin, Chin, Shan states and Sagaing, Mandalay divisions), India
(Mizoram and Nagaland states), and China (Yunnan Province). The name Pareas modestus Theobald, 1868 is revalidated for populations
in southern Myanmar (Yangon Division) and India (Mizoram State). Molecular and morphological data further re-confirm the full spe-
cies status of P macularius Theobald, 1868. We provide an identification key to the species of the Pareas margaritophorus-macularius
complex. Our results further underline that the taxonomy of the genus Pareas species has not yet been fully assessed, especially in widely
distributed taxa often representing complexes of cryptic or morphologically similar species. Our work brings the total number of species
recognized within the genus Pareas to 19.
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Introduction

The taxonomy of the Asian snail-eating snake genus Par-
eas remains in a state of flux and has been frequently
revised with several new species being described or res-
urrected in several recent morphological and molecular
studies (e.g. Guo et al., 2011; You et al., 2015; VOGEL,
2015, WANG et al., 2020). Species complexes with wide
distributions and several lineages with an unclear taxo-
nomic status like the Pareas hamptoni-formosensis com-
plex or the P. carinatus-nuchalis complex remain espe-
cially challenging (Guo ef al., 2011; You et al., 2015).
One of the groups which has received comparatively
little attention from the taxonomists is the Pareas mar-

garitophorus-macularius species complex widely distrib-
uted from Sumatra, Singapore, and Malaysia Peninsular
to Indochina, Thailand, Myanmar, northeast India and
southern China (see HAUSER, 2017; NGUYEN et al., 2020).
Until recently, this species complex was either regarded
as a single species, Pareas margaritophorus (JaN, 1866)
(see You et al., 2015), or as two species, P. margarito-
phorus and P. macularius Theobald, 1868 (see HAUSER,
2017). However, morphological and molecular differen-
tiation, as well as the extent of distribution of the line-
ages comprising this complex remains unclear; further
progress in clarifying it is hampered by common mis-
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identifications of the complex members in a number of
recent molecular works (e.g. ZAHER et al., 2019; Li et al.,
2020). In the present paper we provide a reassessment of
this species complex, examining morphological and mo-
lecular differentiation of snakes previously referred to as
Pareas margaritophorus or P. macularius. This species
complex is characterized by the following morphological
attributes: purplish-gray or brownish-gray coloration of
dorsum with or without numerous bicolored black-and-
white spots; loreal not contacting eye; vertebral scales not
enlarged; subocular and postocular scales regularly fused
forming a crescent-shaped scale; and elongated temporal
scales (BOULENGER, 1896; HAUSER, 2017; this study).

Pareas margaritophorus was the first species to be
described in this group by Jan in Bocourt (1866) from
“Siam” (now Bangkok Capital, Thailand) under the name
Leptognathus margaritophorus. Two years later P. mac-
ularius was described from Tenasserim in Burma (now
Tanintharyi Divison, Myanmar) by THEOBALD in 1868.
The type specimens of both species were characterized
by the presence of bicolored black-and-white spots. Sub-
sequently three additional morphologically similar slug-
eating snakes were described, and all of them were con-
sidered as valid species in BOULENGER’s review (1896):
Pareas modestus Theobald, 1868 from ‘“Rangun” [sic],
Pegu, Burma (now Yangon Division, Myanmar), Pareas
moellendorffi Bottger, 1885 from Guangdong Province,
southeastern China, and Pareas andersonii Boulenger,
1888 from Kachin State, northern Myanmar. In 1935
Amblycephalus tamdaoensis Bourret, 1935 — another
slug snake with bicolored spots was described from Tam
Dao Mountain in Vinh Phuc Province, northern Vietnam
(Bocourt, 1866; BOULENGER 1888, 1896; BOURRET, 1935;
THEOBALD, 1868). BOURRET (1936) recognized 5 full spe-
cies in this complex and used the characters of the size
of the frontal scale and the loreal scale and the keeling of
the scales to separate them in his key. He did not mention
P. modestus and likely just overlooked this name. WALL
(1922) synonymized P. modestus and P. andersonii with
P. macularius but accepted P. moellendorffi as valid spe-
cies (BOURRET, 1936; WaLL, 1922).

Smith (1943) followed WALL in this taxonomy but also
synonymized A. moellendorffi with P. margaritophorus,
and also put A. famdaoensis in synonymy of P. macular-
ius, however without providing morphological justifica-
tion or any comments for these decisions. After the work
of SmiTH (1943) of the six previously recognized species
of spotted slug snakes only two were regarded as valid
species. Sixty years later the situation has become even
more confusing when HuanG (2004) regarded P. macu-
larius as a junior synonym of P. margaritophorus based
on a review of data from previous studies, but without
proper morphological justification or examination of any
type specimens or additional materials. After the work
of HuanG (2004) only one species of spotted slug snakes
remained valid (P. margaritophorus). Recently, HAUSER
(2017) reviewed morphological variation of this com-
plex in Thailand and demonstrated that P. macularius
and P. margaritophorus represent distinct valid species,
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which are separated both by morphological characters,
coloration and natural history. More recently, the species-
level differentiation between P. macularius and P. mar-
garitophorus was assumed based on molecular analyses
of a limited material from China (WANG et al., 2020) and
Thailand (SUNTRARACHUN et al., 2020). However, a care-
ful comprehensive taxonomic analysis of the status of
the lineages within this group, integrating data from both
morphology and DNA, is still lacking. Taxonomically the
most important is that all recent reviews of the P. mar-
garitophorus-macularius complex were based on a small
number of specimens originating from a certain region
(southern China or Thailand), and without examination
of type materials and the specimens from the whole of the
distribution area. Thus, an integrative taxonomic review
of the complex has never been done.

In the present paper, based on an examination of col-
lection material and newly collected specimens of the
P. margaritophorus-macularius complex we present a
review of morphological variation within the group sup-
ported by the data on molecular differentiation from the
analyses of cytochrome » mtDNA gene sequences. Here-
in we confirm the species level differentiation of P. mac-
ularius and P. margaritophorus, and also resurrect the
full species status for Pareas andersonii Boulenger, 1888
and P. modestus Theobald, 1868.

Materials and Methods

Specimens examined

For this study, a total 92 preserved specimens were ex-
amined for their external morphological characters [in-
cluding: 15 specimens of P. andersonii (except for lecto-
type and paralectotype which were only photo recorded),
9 specimens of P. modestus (except for holotype, data
given in reference to WALL, 1909), 15 specimens of
P. macularius, 51 specimens of P. margaritophorus, 2
specimens of P. cf. macularius (see Table 1); geographic
location of examined populations presented in Fig. 1] and
on several photographed specimens. A total of 40 mor-
phological characters were recorded for each specimen
(following VoGEL, 2015). Measurements were taken with
a slide-caliper to the nearest 0.1 mm, except body and
tail lengths, which were measured to the nearest of one
millimeter with a measuring tape. The number of ventral
scales was counted according to DowLing (1951). Half
ventrals were counted as one. The first enlarged shield
anterior to the ventrals was regarded as a preventral and
was present in all examined specimens. The first scale
under the tail meeting its opposite was regarded as the
first subcaudal, and the terminal scute was not includ-
ed in the number of subcaudals. The dorsal scale rows
were counted at one head length behind head, at mid-
body, and at one head length before vent. In the num-
ber of supralabials touching the subocular, those only
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touching the presubocular were not included. Infrala-
bials were considered being those shields that were
completely below a supralabial and bordering the
mouth gap. Usually the last supralabial shield was a
very large shield, much larger than other supralabi-
als. Smaller shields behind this enlarged shield do not
border the mouth gap (only the connecting muscle)
and were excluded in the sublabial scales count, de-
spite the fact that they were covered by the supralabi-
als. The first sublabial was defined as the scale that
starts between the posterior chin shield and the in-
fralabials and that borders the infralabials. Values for
paired head characters were recorded on both sides of
the head, and were reported in a left / right order. The
sex was determined by dissection of the ventral tail
base. Morphological measurements (all in mm) and
counts included: SVL: Snout-vent length; TaL: Tail
length; TL: Total length; TaL/TL: Relative tail length;
VEN: Ventral scales; SC: Subcaudal scales; SL: Su-
pralabials; IL: Infralabials; KMD: Number of keeled
dorsal scale rows at midbody; At: Anterior temporal;
Pt: Posterior temporal. Other abbreviations: N.P.: Na-
tional Park; a.s.l.: above sea level; SoO: Suboculars
PoO: Postocular.

Museum abbreviations

AUP: School of Agriculture and Natural Resources,
University of Phayao, Phayao, Thailand; NHM(UK):
The Natural History Museum, London, UK; BNHS:
Bombay Natural History Society, Mumbai, India;
CAS: California Academy of Sciences Museum,
California, USA; CIB: Chengdu Institute of Biol-
ogy, Chengdu, People’s Republic of China; DTU:
Duy Tan University, Da Nang, Vietnam; DL: Ding
Lee’s private collection, Chengdu, China; FMNH:
Field Museum of Natural History, Chicago, USA;
HS: Song Huang’s private collection, College of Life
Sciences, Anhui Normal University, Wuhu, Anhui,
China; LSUHC: La Sierra University Herpetological
Collection, La Sierra University, Riverside, Califor-
nia, USA; KIZ: Museum of the Kunming Institute of
Zoology, Yunnan, China; MNHN: Muséum national
d’Histoire naturelle, Paris, France; MSNG: Museo
Civico di Storia Naturale “Giacomo Doria,” Geno-
va, Liguria, Italy; MZMU: Departmental Museum
of Zoology, Mizoram University, Mizoram, India;
NMNS: National Museum of Natural Science, Tai-
chung, Taiwan; NMW: Naturhistorisches Museum
Wien, Vienna, Austria; SMF: Naturmuseum Senck-
enberg, Frankfurt am Main, Germany; ZFMK: Zo-
ologisches Forschungsmuseum Alexander Koenig,
Bonn, Germany; ZMB: Zoologisches Museum fiir
Naturkunde der Humboldt-Universitit zu Berlin,
Berlin, Germany; ZMMU: Zoological Museum of
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sia; ZSM: Zoologische Staatssammlung, Miinchen,
Germany.
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For those specimens for which
tissue samples were available,
we performed molecular phylo-
genetic analyses to test for cor-
relation with the morphological
data (summarized in Table 2; see
Fig. 1, 2). For molecular analy-
ses, total genomic DNA was ex-
tracted from ethanol-preserved
liver or muscle tissue using stand-
ard  phenol-chloroform-protei-
nase K extraction procedures with
consequent isopropanol precipi-

etal., 1996; SamBRrROOK & Rus-
SEL, 2001). The isolated total
in agarose electrophoresis in the
presence of ethidium bromide.
puL. We amplified 1127 bp long

DNA concentration was meas-
ured in 1 pl using NanoDrop

2000 (Thermo Scientific), and
adjusted it to ca. 100 ng DNA/

tation (protocols followed HiLLis
genomic DNA was visualized

fragment of mtDNA cytochrome
b (cyt b), which was widely ap-
plied in biodiversity surveys

in snakes, including the fam-

ily Pareidae (e.g. LawsoN et al.,
2005; Guo et al., 2011; Lorepo

ing ca. 50 ng genomic DNA,

etal., 2013; You etal., 2015;
DEeeprak et al., 2020; L1 et al.,
2020). DNA amplification was
performed in 20 pl reactions us-
10 nmol of each primer, 15 nmol
of each ANTP, 50 nmol additional
MgCl2, Taq PCR buffer (10 mM

Tris-HCI, pH 8.3, 50 mM KCl,

[ = R
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e &T535<
—< 2000
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SRg S m
o 0 =
ES22ER
QWM%)G
@) Vo)
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54872
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TGAAAAACCAYCGTTGT-3")

and H16064 (5’-CTTTGGTTT-
ACAAGAACAATGCTTTA-3%)

(DE QuEIrROZ et al., 2002). The
PCR conditions followed YOU
et al., (2015) and included dena-
turation at 94°C for 3 min, fol-
lowed by 35 cycles at 94°C for

30 s, 52°C for 40 s and 72°C for
90 s, with a final extension at
72°C for 10 min using an iCy-
cler Thermal Cycler (Bio-Rad).
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Fig. 1. Map showing distribution of Pareas margaritophorus-macularius species complex and location of studied populations. Circles
denote localities for which both DNA and morphological data were examined; diamonds denote localities for which only morphological
data were available; triangles denote populations for which only DNA data were available; dot in the center of an icon indicate type local-
ity. Localities. Pareas andersonii: INp1A: 1 — Khonoma, Kohima Dist., Nagaland; 2 — Mission Vengthlang, Aizawl, Mizoram; MYANMAR:
3 — Laung Nguk, Lahe, Khandi , Sagaing; 4 — Indawgyi N.R., Myitkyina , Kachin; 5 — Bhamo, Kachin (type locality of Pareas andersonii
Boulenger, 1888); 6 — Shweli, Mongmit, Shan; 7 — Mogok, Mandalay; 8 — Kyatpyin, Mandalay; 9 — Hakha, Chin; 10 — Mindat, Chin;
11 — Kalaw, Taunggyi, Shan; CHiNA: 12 — Longchuan, Yunnan; Pareas modestus: MyanMARr: 13 — “Rangun” (Yangon) (type locality of
Pareas modestus Theobald, 1868); INpiA: 14 — Mizoram (three localities); Pareas macularius: Myanmar: 15 — Yebyu, Dewei, Tanintharyi,
16 — “Martaban” (Mottama), Mon (type locality of Pareas macularius Theobald, 1868); 17 — Bago; 18 — Bago Yoma, Bago; 19 — Banmauk,
Sagaing; THAILAND: 20 — Doi Inthanon, Chiang Mai; 21 — Dansai, Loei; Laos: 22 — Longcheng, Xaisomboun; 23 — Long Nai, Phongsaly;
CHINA: 24 — Jiangcheng, Yunnan; 25 — Jingdong, Yunnan; 26 — Daoyaoshan, Guangxi; 27 — Jianfengling, Hainan; ViETnAM: 28 — Ngan Son,
Bac Kan; 29 — Tam Dao N.P., Vinh Phuc (type locality of Amblycephalus tamdaoensis Bourret, 1935); 30 — Ba Vi N.P., Hanoi; 31 — Nghe
An; 32 — Phong Nha-Ke Bang N.P., Quang Binh; 33 — Kon Ka Kinh N.P., Gia Lai; 34 — Lam Dong; Pareas margaritophorus: INDONESIA:
35 — Gunung Leuser N.P., Bukit Lawang, North Sumatra (see NGUYEN ef al., 2020); MaLaysia: 36 — Pahang; 37 — Kuala Lumpur; 38 —
Perak; 39 — Nahe Ibok, Terengganu; THAILAND: 40 — Pattani; 41 — Bangkok (type locality of Leptognathus margaritophorus Jan, 1866);
42 — Nadi Bu Phram, Prachin Buri; 43 — Nakhon Ratchasima; 44 — Chiang Mai; 45 — Mae Sa, Chiang Mai; CamBoDIA: 46 — Areng Chum
Noab, Koh Kong; 47 — Phnom Kulen, Siem Reap; 48 — Siem Pang, Stung Treng; Laos: 49 — Xe Kong; ViETNam: 50 — Bu Gia Map N.P,,
Binh Phuoc; 51 — Da Lat, Lam Dong; 52 — Kon Ka Kinh N.P. and An Khe Dist., Gia Lai; 53 — Kon Chu Rang N.P., Gia Lai; 54 — Phuoc
Son, Quang Nam; 55 — Phong Nha-Ke Bang N.P., Quang Binh; 56 — Thanh Thach, Tuyen Hoa, Quang Binh; 57 — Ke Go, Ha Tinh; 58 — Pu
Mat N.P., Nghe An; 59 — Cuc Phuong N.P., Ninh Binh; 60 — Bai Tu Long N.P., Quang Ninh; Cama: 61 — Cangwu, Guangxi; 62 — Heishid-
ing, Guangdong; 63 — Lo Fou Shan, Guangzhou, Guangdong (type locality of Pareas moellendorffi Bottger, 1885); 64 — Hong Kong; 65 —
“Hainan”; 66 — Haikou, Hainan; 67 — Wuzhi Shan, Hainan; 68 — Diaoluo Shan, Hainan; 69 — Yulin, Hainan.
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MK201480 Pareas margaritophorus - Guangdong, China
MK135097 Pareas margaritophorus - Guangxi, China
0.64/51 | MK135100 Pareas margaritophorus - Guangxi, China
KJ642197 Pareas margaritophorus - Hainan, China

C11 Pareas margaritophorus - Hainan, China

MK135099 Pareas margaritophorus - Guangxi, China

ZMMU R-16418 Pareas margaritophorus - Nghe An, Vietnam
ZMMU R-16431 Pareas margaritophorus - Nghe An, Vietnam
ZMMU R-14790 Pareas margaritophorus - Quang Binh, Vietnam
MK201376 Pareas margaritophorus - Hainan, China

JF827675 Pareas margaritophorus - Hainan, China
AY425805 Pareas margaritophorus - Xe Kong, Laos
KJ642196 Pareas margaritophorus - Binh Phuoc, Vietnam
KJ642195 Pareas margaritophorus - Binh Phuoc, Vietnam

4/91

P areas maCUIar us V12 Pareas margaritophorus - Binh Phuoc, Vietnam

ZMMU NAP-02893 Pareas margaritophorus - Binh Phuoc, Vietnam
ZMMU R-16646 Pareas margaritophorus - Gia Lai, Vietnam

ZMMU R-16645 Pareas margaritophorus - Gia Lai, Vietnam

ZMMU R-16197 Pareas margaritophorus - Gia Lai, Vietnam

ZMMU R-16146 Pareas margaritophorus - Pahang, Malaysia
MK557848 Pareas margaritophorus - Nakhon Ratchasima, Thailand
MK135102 Pareas macularius - Hainan, C

MK135103 Pareas macularius - H;
MK135101 Pareas macularius - H

Pareas andersonii

1/100
—— 1
Pareas margaritophorus
species complex

ZMMU R-16627 Pareas macularius
AUP-00175 Pareas macularius - C!
1/985 MK135105 Pareas macularius - Yun
MK135106 Pareas macularius - Yun|
MK557847 Pareas macularius - Chi
ZMMU R-16628 Pareas macularius
MK201500 Pareas macularius - Gi
L———— AF471082 Pareas macularius - Bag:
ZMMU R-16629 Pareas macularius
CAS235359 Pareas andersonii ;

MK201238 Pareas andersonii- Yt
MN970039 Pareas andersoni
MZMU1487 Pareas modestus = Miz
% MZMU1665 Pareas modestus - Miz(
MZMU1293 Pareas modestus - Mi:

0.97/92, MK135079 Pareas mengziensis
ﬂE CAS221489 Pareas hamptoni
KJ642151 Pareas formosensis

0.97/84, KJ642122 Pareas atayal
ﬂEﬂMﬂGo Pareas iwasakii
KJ642182 Pareas komaii

CAS248147 Pareas vindumi

MK201455 Pareas nigriceps

1/100 JF827678 Pareas boulengeri
_{ E JF827691 Pareas chinensis
0.99/78 JIN230704 Pareas stanleyi
MN970038 Pareas monticola
CAS247982 Pareas carinatus
JF827677 Pareas carinatus
MK135113 Pareas menglaensis
JF827673 Aplopeltura boa
AY425807 Asthenodipsas vertebralis
AY425808 Asthenodipsas tropidonotus
L Kco16755 Asthenodipsas lasgalenensis
1/100 KX660469 Asthenodipsas bor
———— KX660468 Asthenodipsas laevis

0.97/81
—4

96/75

0.52/57
1/100

Pareas modestus

0.87/60 | 0.53/-

1/89

0.96/64

0.52/48

1/100

1/98

0.97/66

0.90/84
1/100

0.60/47

1/100 1/100

1/100

0.65/-

MK340914 Xylophis captaini
0.09

Fig. 2. Bayesian inference tree of Pareas margaritophorus-macularius species complex derived from the analysis of 1127 bp of cyt b gene
fragment. For voucher specimen information and GenBank accession numbers see Table 2. Red, light blue, dark blue, and green color
denotes Pareas macularius, P. margaritophorus, P. modestus, and P. andersonii, respectively (see Figure 1). Numbers at tree nodes cor-
respond to PP/BS support values, respectively. Photos on thumbnails by N. A. Poyarkov (Pareas macularius and P. margaritophorus), V.
Hrima (P. modestus), and by R. Hmar (P. andersonii).

PCR products were loaded onto 1.5% agarose gels in the
presence of ethidium bromide and visualized in agarose
electrophoresis. Successful targeted PCR products were
outsourced to Evrogen® (Moscow, Russia) for PCR pu-
rification and sequencing; sequence data collection and

SENCKENBERG

visualization was performed on an ABI 3730x] Auto-
mated Sequencer (Applied Biosystems). The newly ob-
tained sequences were deposited in GenBank under the
accession numbers MT968756-MT968778 (see Table 2
for details).
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Phylogenetic analyses

To estimate the matrilineal genealogy of the ge-
nus Pareas, we used the newly obtained cyt b
sequences together with previously published
sequences of Pareas margaritophorus, P. macu-
larius and P. andersonii, as well as representative
sequences of 14 other species of Pareas, five spe-
cies of Asthenodipsas and Aplopeltura boa; the
sequence of Xylophis captaini was used to root
the tree following the results of DEepaK et al.
(2019) (see Table 2). In total, cyt b sequences for
65 Pareidae specimens were included in the final
analysis, including sequences of all currently rec-
ognized Pareas species except P. nuchalis, and
43 sequences of Pareas margaritophorus-macu-
larius complex members representing all nominal
species within the group.

Nucleotide sequences were initially aligned in
MAFFT v.6 (KaTOH ef al., 2002) with default param-
eters, and subsequently checked by eye in BIOEDIT
7.0.5.2 (HALL, 1999) and adjusted. The mean un-
corrected genetic p-distances between sequences
were determined with MEGA 6.0 (TamuRrA ef al.,
2013). The optimal evolutionary models for the
data set were estimated in MODELTEST v.3.6 (Po-
sapa & CRANDALL, 1998). The best-fitting models
of DNA evolution for both BI and ML analyses
were HKY +1+G for the 1% and 2™ codon-parti-
tions, and GTR+1+G for the 3™ codon-partition
as suggested by the Akaike Information Criterion
(AIC).

The matrilineal genealogy of the Pareidae was
inferred using Bayesian inference (BI) and Maxi-
mum Likelihood (ML) approaches. BI was con-
ducted in MRBAYES 3.1.2 (RonqQuisT & HUELSEN-
BECK, 2003); Metropolis-coupled Markov chain
Monte Carlo (MCMCMC) analyses were run
with one cold chain and three heated chains for 50
million generations and sampled every 1000 gen-
erations. Two independent MCMCMC runs were
performed and checked to be sure the effective
samplesizes (ESS) were all above 200 by exploring
the likelihood plots using TRACER v1.6 (RAmMBAUT
et al.,2007). We excluded the first 25% of trees as
burn-in before the loglikelihood scores stabilized.
The confidence in tree topology was assessed by
the posterior probability (PP) (HUELSENBECK &
RonquisT, 2001). The ML tree was generated us-
ing the 1Q-TREE webserver (NGUYEN et al., 2015);
preceded by the selection of substitution models
using the Bayesian Information Criterion (BIC)
in MODELFINDER (KALYAANAMOORTHY ef al., 2017),
which supported TrN+1+G for cyt b codon po-
sitions 1 and 2, and GTR+F+1+G for position
3. Confidence in tree topology for ML analysis
was assessed by 1000 bootstrap replications (BS).
We a priori regarded the tree nodes with BS val-
ues 75% or above and PP values over 0.95 as
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Table 3. Uncorrected p-distance (percentage) between the sequences of cyt b mtDNA fragment (below the diagonal), estimate error (above the diagonal), and intraspecific genetic p-distance (on the diagonal,

in bold) of the Pareas species included in phylogenetic analyses.

18
1.9
1.9

2.0

1.9
1.8
2.2

1.9
1.7
1.8
1.8
1.8
1.9
2.0

2.1

2.2
2.0
1.7

17
2.0

1.9
2.0
2.1

1.9
1.9
1.8
1.8
1.9
1.8
2.0

1.9
2.0
1.9

1.9

2.0
6.5
13.7

16
1.9
1.8
1.8
1.8
1.5
1.6
1.5
1.7
1.7
1.7
1.7
1.6

1.8

1.8

1.9
21.6
229

15
1.8
1.6
1.6
1.8
1.7
1.8
1.6
1.7
1.7
1.7
1.8
1.8

1.6

1.6
19.8
24.4
25.8

14
1.5
1.5
1.5
1.6
1.6
1.7
1.6
1.8
1.8
1.8
1.8
1.6
1.3

14.2
17.1
22.5
23.4

13
1.8
1.7
1.7
1.7
1.7
1.8
1.4
1.7
1.7
1.9
1.8
1.8

8.9
14.2
19.0
21.6
22.9

12
1.6
1.5
1.6
1.5
1.3
1.5
1.3
1.6
1.6
1.5
1.4

16.9
16.2
19.0
19.2
23.0
23.3

11

1.5
1.5
1.7
1.6
1.3
1.5
1.3
1.6
1.6
1.6

12.3

17.4
17.1
19.5
19.3
23.5
23.6

10
1.7
1.5
1.6
1.5
1.6
1.9
1.6
1.3
1.3

16.8

16.2

17.6
18.3
17.4
20.2
24.6
24.1

1.9
1.7
1.6
1.7
1.6
1.8
1.5
1.1

10.8

16.6

16.1

16.9
18.3
19.2
20.7
24.5
234

1.8
1.6
1.7
1.7
1.7
1.7
1.5

8.0
10.4

16.6

15.7

17.8
18.5
19.2
20.7
234
233

1.6
1.5
1.6
1.6
0.9

1.2

16.4

15.9

15.9

12.0

12.7

14.5
15.7
19.3
18.5
22.2
23.9

1.8
1.6
1.8
1.8
1.2

9.4

17.1

16.4

18.8

13.2

13.2

16.4
18.3
19.7
20.0
23.6
24.4

1.7
1.6
1.7
1.7

8.4
7.0
16.4

15.9

17.1

12.1

12.7

16.9
16.4
19.8
19.2
23.1
23.6

1.5
1.1

1.3
0.2

19.2

20.4

19.0

17.8

19.9

17.1

19.5

16.4

17.3
17.0
18.3
19.4
24.3
23.0

1.6
1.3

9.0
12.5

20.8

21.7

20.2

21.1

20.7

19.5

21.8

18.6

19.2
18.4
19.2
21.1
24.0
23.7

1.3
7.6

15.1

11.6
20.1

20.5

18.7
20.0

20.7

18.6

19.5

18.4

17.5
16.9
18.3
19.8
23.0
23.0

3.7

14.8

17.2

14.9

20.7

22.0

19.2

20.2

20.7

20.0

19.8

18.6

18.9
18.4
19.4
222
24.5
249

Species

P. margaritophorus

P. macularius

P. andersonii

P. modestus

P. mengziensis

P. hamptoni

P. formosensis

P. atayal

P. iwasakii

P. komaii

P. vindumi

P. nigriceps

P. boulengeri
P. chinensis

P. stanleyi

P. monticola
P. carinatus
P. menglaensis

No.

1
2
3
4
5
6
7
8

9
10

11
12

14
5
1
17
18
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sufficiently resolved; BS values between 75% and 50%
and PP values between 0.95 and 0.90 were regarded as
tendencies; while lower values were regarded as lack of
node support (HUELSENBECK & HiLLIs, 1993).

Results

Sequence variation

Among the 1127 bp of the final cyt b alignment, 458
sites were conserved and 668 sites exhibited variation,
of which 558 were found to be parsimony-informa-
tive. The transition-transversion bias (R) was estimat-
ed as 4.16. Nucleotide frequencies were A=29.77%,
T=26.69%, C=31.20%, and G=12.34% (data given for
ingroup only).

MtDNA genealogy

Bayesian inference (BI) and maximum likelithood (ML)
analyses resulted in essentially identical topologies,
differing only in two poorly supported nodes (Fig. 2).
Our phylogenetic analyses were generally concordant
with the earlier phylogenies of the group by Guo et al.
(2011) and You et al. (2015), and suggest monophyly of
the genus Pareas with respect to other Pareinae genera
(0.97/66; hereafter nodal support values given for PP/BS,
respectively); monophyly of the genus Asthenodipsas re-
ceived no support (0.65/-, see Fig. 2).

Within the genus Pareas, P. carinatus and P. men-
glaensis formed a sister lineage to all other species in-
cluded in the analysis with strong support (1.0/98). With-
in the remaining species of Pareas, P. monticola formed
a distant lineage sister to all other species with moderate
values of node support (0.96/64). The remaining species
of Pareas clustered in three well-supported monophyl-
etic groups; however, the order of branching between
them was not fully resolved. The first clade (P. chinensis
group; 0.99/78) included P. chinensis, its sister species
P. boulengeri (1.0/100), and a more distant P. stanleyi.
The second clade (P. hamptoni group; 1.0/100) included
P. hamptoni, its sister species P. mengziensis (0.97/92),
and a more distant P. formosensis (1.0/99), a clade of
East Asian island species P. atayal, P. iwasakii, and P. ko-
maii (1.0/100); and P. vindumi with P. nigriceps; phy-
logenetic relationships between the two clades and the
remaining species of P. hamptoni group remain unre-
solved (Fig. 2). Finally, the third clade joined the mem-
bers of P. margaritophorus-macularius species complex
(1.0/100), and was represented by four strongly sup-
ported species-level subclades, representing P. macula-
rius (0.96/75), P. andersonii (1.0/100), P. modestus (1.0/
100), and P. margaritophorus (1.0/100) (Fig. 2). Pareas
andersonii and P. modestus were suggested as sister
species with strong support (1.0/89), phylogenetic rela-
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tionships between these species, plus P. macularius and
P. margaritophorus were essentially unresolved.

The four species of P. margaritophorus-macularius
complex demonstrated different levels of internal sub-
structuring. Within P. macularius our analysis revealed
a deep geographic structure: the sample from northern
Myanmar (Sagaing) was found to be the most divergent
forming a sister lineage with respect to all other samples
(0.97/81), which included lineages from southern Myan-
mar (Bago), Laos + Guangxi, China (1.0/100), Thailand +
Yunnan, China (1.0/99), central Vietnam and Hainan,
China (1.0/83) (Fig. 2). Pareas andersonii, which was
found to be strongly separated from genetically uniform
P. modestus, was represented in our analysis by three
populations from Myanmar (Chin), India (Nagaland) and
China (Yunnan), each of them deeply divergent from an-
other (Fig. 2). Finally, within P. margaritophorus a more
shallow structure was observed, with the basal position
occupied by a single specimen from Thailand forming
a sister lineage to all remaining populations (0.98/67),
which included the southern lineage (southern to central
Vietnam + Peninsular Malaysia; 1.0/99), northern lineage
(China + northern to central Vietnam; 1.0/100), and an
orphaned sample from southern Laos (see Fig. 2).

Genetic distances

The uncorrected p-distances for the cyt b gene are shown
in the Table 3. The interspecific distances within Pareas
varied from p =8.0% (between P. iwasakii and P. atayal)
to p=25.8% (between P. menglaensis and P. stanleyi).
The interspecific differences among the members of
P. margaritophorus-macularius species complex varied
from p =11.6% (between P. macularius and P. modestus)
to p=17.2% (between P. andersonii and P. margarito-
phorus). Intraspecific genetic differentiation was high in
P. andersonii (p =9.0%) and P. macularius (p =6.6%),
but was notably lower for P. margaritophorus (p =3.8%)
and P. modestus (p =0.2%) (see Table 3).

Taxonomy

On the basis of morphological analysis, we could iden-
tify a major level of separation between the four taxa
of the P. margaritophorus-macularius species complex
both in morphology and mtDNA cyt b gene sequences.
Species in this group can be consistently distinguished
from each other by the characteristics of pholidosis, body
shape and color, namely by the number of keeled dor-
sal scale rows, numbers of ventral and subcaudal scales,
coloration of the nuchal collar, presence or absence of
cross-bands consisting of bicolored spots, and belly pat-
tern (see below).

At the same time, the molecular phylogenetic analyses
demonstrated the presence of four well-supported clades
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within P. margaritophorus-macularius species complex,
fully coinciding with the recognized morphospecies in
this group. Our integrative data confirm the distinctive-
ness of P. macularius from P. margaritophorus in con-
cordance with the molecular data, which was previously
demonstrated only from morphological line of evidence
(HAUSER, 2017). Furthermore, phylogeny clearly indi-
cates that a specimen of P. andersonii from Myanmar is
distinct from both P. macularius from P. margaritopho-
rus, and is grouped together with two more specimens
of P. andersonii from Nagaland (India) and Yunnan (Chi-
na), originally misidentified as P. macularius (see DEEPAK
et al.,2020) and P. margaritophorus (see LI et al., 2020),
respectively. These data strongly suggest that P. anderso-
nii is a valid species and clarifies its distribution. P. ander-
sonii seems to occur through Myanmar, northeast India
and the westernmost part of Yunnan Province of China.
Finally, our molecular phylogenetic analyses confirmed
the species-level divergence of the uniform dark-colored
Pareas from Mizoram State of India, identified herein as
P. modestus. Phylogenetically P. modestus is suggested
as the sister species of P. andersonii, the stable morpho-
logical differences in coloration and body scalation con-
firm its distinctiveness from the three remaining mem-
bers of the species complex. Hence, based on integrative
analysis of morphological and molecular characters, we
demonstrate that the P.margaritophorus-macularius
complex is comprised of four distinct species, including
P. andersonii and P. modestus resurrected herein. Below
we provide detailed taxonomic accounts and revised di-
agnoses for these two poorly known species of Pareas.

Taxonomic accounts

Pareas andersonii Boulenger, 1888
Anderson’s slug snake

Figures 3, 4A-F, 7A, 8A-B.

Chresonymy.

Pareas macularius — (in part) SMiTH (1943).

Pareas macularius — (in part) WoGan et al. (2008).

Pareas macularius — (in part) WALLACH et al. (2014).

Pareas margaritophorus — BiakzuaLa & LALREMSANGA (2019).
Pareas macularius — (in part) DEepaK et al. (2020).

Pareas margaritophorus — (in part) Li et al. (2020).

Lectotype. MSNG 30861, Paralectotype. MSNG 30860,
designated by Capocaccia (1961).

Type locality. Bhamo and Kakhinen Hills, Burma (now
Kachin State, Myanmar).

Taxonomic comment. Biakzuara & LALREMSANGA (2019)
recorded Pareas margaritophorus from Mizoram, India
based on specimen number MZMU 916 however lacking
detailed morphological description. Re-examination of
this specimen demonstrated that it belongs to P. ander-
sonii resurrected herein (Fig. 4e, f).
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Material examined. Males (n=6). Myanmar: NHM(UK)
1904.4.26.14 in Mandalay Division, NHM(UK) 1925.12.22.1
in Shweli Town, Mongmit Township, Shan State; NHM(UK)
1926.3.17.9 (elevation ca. 1680 m a.s.l.) in Kalaw Township,
Taunggyi District, Shan State; CAS 235359 collected on 8 Jun
2004 by A.K. Shein and T. Nyo in Tin Myo’s house, near Natna-
taung NP. office, Old Kanpetlet township, Mindat District, Chin
State (21.204639°N, 94.035528°E; elevation ca. 1810 m a.s.l.);
CAS 245296 collected on 15 May 2009 by M. Hlaing, S.L. Oo,
Z.H. Aung, and Y.M. Win in Luang Nguk Village, Lahe Township,
Khandi Distinct, Sagaing Division (26.156222°N, 95.533278°E;
elevation ca. 830 m a.s.l.), and CAS 245377 collected on 21 May
2009 by M. Hlaing, S.L. Oo, Z.H. Aung and Y.M. Win in Luang
Nguk Village, Lahe Township, Khandi Distinct, Sagaing Divi-
sion (26.154944°N, 95.521472°E; elevation ca. 1110 m a.s.l.).
Females (n=7). Myanmar: NHM(UK) 1901.9.14.11 (elevation
ca. 1340 m a.s.l.), and NHM(UK) 1904.4.26.13 in Mandalay Divi-
sion; CAS 235218 collected on 14 May 2006 by A.K. Shein and
L. Shein in Ke Har Stream, Kanpatlat Town, Mindat District, Chin
State (21.205611°N; 94.050306°E; elevation ca. 1310 m a.s.l.),
CAS 233330 collected on 12 August 2003 by K.S. Lwin, A.K.
Shein and H. Tun in Haka Township, Chin State (22.798333°N,
93.563222°E; elevation ca. 1600 m a.s.l.); CAS 241270 collected
on 20 July 2008 by J.A. Wilkinson, J.V. Vindum, S.L. Oo, K.T.
Kyaw and M. Win in vicinity Kyang Kyar Village, Indawgyi
Lake Wildlife Sanctuary, Moenyin Township, Myitkyina District,
Kachin State (25.303472°N, 96.354167°E; elevation ca. 260 m
a.s.l.); NHM(UK) 1908.6.23.94 (specific locations not available);
India: MZMU 916 collected on 5 October 2016 by S. Lallianzela
in south Vanlaiphai, Lunglei District, Mizoram State (22.80351°N,
92.99543%E; elevation ca. 1231 m a.s.l.).

Diagnosis. Pareas andersonii differs from all other
members of the genus by the combination of the follow-
ing characters: slender grayish body; medium size (total
length 278—481 mm); two anterior temporals, elongated;
frontal scale is hexagonal with shield-shaped with the
lateral sides converging posteriorly; anterior pair of chin
shields are longer than broad; loreal not contacting the
eye; prefrontal contacting the eye; one subocular elon-
gate, crescent and one postocular; median vertebrals not
enlarged; 7-8 infralabial scales; 15 dorsal scale rows with
5-9 rows slightly keeled at midbody; 141-162 ventrals;
3547 subcaudals, divided; body color grey to dark grey,
dorsal pattern consists of irregularly scattered black and
white bicolored spots not forming cross-bands; no mark-
ings on the head, no collar; belly with rows of squarish,
black blotches.

Description and variation. Medium sized (TL: 396.67+
68.74 mm, our longest specimen was a female of 481 mm
[CAS 233330]). Body stout, round. Head slight distinct
from neck, slightly rounded and thick, distinctly com-
pressed laterally and oval in dorsal view. Rostral scale
slightly visible from above; single nasals; two interna-
sals, widely in contact with each other with a diagonal
suture; two large irregular pentagonal prefrontals, much
larger than internasals and with a slightly diagonal su-
ture between; one frontal scale is hexagonal with shield-
shaped with the lateral sides converging posteriorly,
smaller than parietals; parietals very large, subequal in
length to its distance from internasals; presubocular ab-
sent; usually one subocular scale elongated and crescent-
shaped and one postocular (occasionally subocular and
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Annall del Museo Civico, Oer. z-~ Vol VI. [883.

Peter Smit del. et lith.

1. Stmotes torquadus.
5. Pareas andersonii.

2. Stmotes planiceps.

Fig. 3. Type series of Pareas andersonii Boulenger, 1888 (Kachin Sate, Myanmar). A. Original figure illustrated by Boulenger, 1988;
B, E: paralectotype MSNG 30860 general view and lateral view of head, respectively; C, D: lectotype MSNG 30861 general view and

lateral view of head, respectively. Photos by G. Vogel.

postocular fused into a scale); one loreal not contacting
the eye; prefrontal contacting the eye; temporals usu-
ally 2+3, crescent-shaped, elongated; supralabials usu-
ally 7, not touching eye; 7—8 infralabials, three pairs
of chin shields interlaced, no mental groove under chin
and throat, anterior pair of chin shields are longer than

SENCKENBERG

broad; dorsal scales in 15—-15—15 rows around body,
slightly keeled in 5—9 scale rows at midbody; ventrals
141-153 (149.33+5.39, n=06) in males and 155-162
(158.00+£2.71, n="7) in females, slight angulate later-
ally; preventrals usually 1; cloacal scale undivided; sub-
caudals 40—47 pairs (43.00+£2.83, n=6) in males and
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35—45 pairs (40.00+£3.56, n=7) in females; relative tail
length on 0.17040.009 in males (0.159-0.180, n=6) and
0.151£0.010 in females (0.134—0.166, n="7).

Colouration. In life dorsum and body sides with glossy-
grey background coloration with bluish tint (see Fig. 8A,
B), covered with numerous black spots of one scale in
size posteriorly edged with white; dorsal black and white
spots form few irregular rows anteriorly, and are scat-
tered randomly at midbody and posteriorly; head dark
grey, dorsally with numerous black spots and vermicu-
lations, light nuchal spot or collar absent, laterally head
with dense white mottling, labial scales white with dark
spots marking the edges; ventral surfaces of head white
with black spots; ventral surfaces of body and tail with
light beige background densely covered with numerous
rectangular spots on every ventral shield; dark spots form
a line on the ventralmost row of dorsals edging the lighter
coloration of ventrals. In preservative (based on MSNG
30860-30861) head and dorsal glossy blackish dorsum
with few bicolored spots, not clear; upper labials, loreal
region mottled white; ventral cream with rows of rectan-
gular, black blotches (Fig. 3).

Comparison. Pareas andersonii shares most morpho-
logical characters with the closely related species of the
P. margaritophorus-macularius complex (Table 4, Fig.
7, 8).

P. andersonii differs from P. macularius by having:
slightly smaller size (maximum to 481 mm vs. 517 mm),
lower number of subcaudals (41.38+3.48 vs. 46.20+4.33);
nuchal collar colour and pattern (indistinct vs. usually
distinct W or butterfly-shaped whitish or brown); few
cross-bands of bicolored spots (vs. many); body grey to
dark grey (vs. brownish-grey); belly with squarish black
blotches (vs. dense speckling); head thicker, rounded (vs.
compressed, oval); head slightly distinct from neck (vs.
clearly distinct); anterior temporal elongated and long
(vs. shorter).

P. andersonii differs from P. modestus (see below)
by having: a slight larger size (maximum to 482 mm vs.
357 mm); dorsals slightly keeled in 5—9 rows at mid-
body (vs. 3—5 rows), body grey to dark grey with few
bicolored spots (vs. uniform greyish black to blackish);
belly with squarish black blotches (vs. uniform whitish).

P. andersonii differs from P.margaritophorus by
having a larger size (391.08+68.74 mm vs. 310.18 561+
43.48 mm), a higher number of ventrals (158.33+6.24
vs. 144.67+6.63), 5—9 dorsal rows slightly keeled at
midbody (vs. all rows smooth), nuchal collar colour and
pattern (indistinct vs. usually cream or pinkish, speck-
les); without cross-bands of bicolored spots (vs. present);
body grey to dark grey (vs. brownish-grey); belly with
squarish black blotches (vs. sparse speckling).

Distribution. P. andersonii is presently known from
Myanmar (Kachin, Chin, Shan states and Sagaing, Man-
dalay divisions); India (Mizoram and Nagaland states)
and China (Longchuan, Yunnan Province) (see Fig. 1).

Phylogenetic position. A member of P. margaritopho-
rus-macularius species complex; sister species of P. mo-
destus Theobald, 1868 (genetic divergence in cyt b gene
p=12.5%). Significant genetic differentiation among the
samples of P. andersonii from Myanmar, India and Chi-
na requires further studies.

Natural history. Because this population was not recog-
nized as an independent taxon until now, little is known
about its natural history apart from knowledge pertain-
ing to the genus as a whole. WoGaN et al. (2008) report
P. andersonii sympatric with P. cf. monticola in Chin
State. New specimens in Myanmar (CAS) were found
between 9:00—22:13h in bush, 3 m above ground. The
air temperatures at the times of collection ranged from
20—-30°C and relative humidity from 65—-91%. This spe-
cies is distributed within the elevation ca. 260—1810 m
a.s.l. (see http://portal.vertnet.org/o/cas/herp?id=urn-cat
alog, accessed in May 2020).

Pareas modestus Theobald, 1868
Black slug snake

Figures 4G-H, 7B, 8C.

Chresonymy.

Pareas modestus — BOULENGER 1896.

Pareas macularius — WaLL (1909).

Pareas macularius — (in part) SmitH (1943).

Pareas macularius — (in part) Wallach et al. (2014).

Holotype. ZSI 8028 (lost, see below)

Type locality. Rangun [sic], Pegu, Burma (now Yangon
Division, Myanmar).

Taxonomic comment: The description of P. modestus
by Theobald, 1868 is not especially short for that time
period, but most basic characters are missing. Theobald
gave no length, no ventral and no subcaudals count for
his new species. The holotype was deposited in the “Mu-
seo Soc. Asiaticae Bengalensis”, today the collection of
the Zoological Survey of India in Kolkata. It is lost ac-
cording to Das (1998) who mentioned the register entry
from 13 May 1921 for the holotype, registered as ZSI
8028 as: “Stolen from almirah in lab”. So the type speci-
men is lost. However, a redescription of the holotype
was made by WaLL (1909). Despite the fact that the de-
scription is quite detailed, he did not give the length of

Fig. 4. Dorsolateral and ventral aspects of Pareas andersonii — A, B: NHM(UK) 1904.4.26.13 (Mandalay Division, Myanmar); C, D: CAS
245296 (Sagaing Division, Myanmar), E, F: MZMU 916 (Mizoram State, India); and Pareas modestus: G, H: MZMU 274 (Mizoram

State, India). Photos by G. Vogel (A-F) and HT. Lalremsanga (G, H).
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Table 4. Comparison of measurements and meristic characters in Pareas andersonii, P. modestus, P. macularius, and P. margaritophorus.

Characters P. andersonii P. modestus P. macularius P. margaritophorus
Min — Max 278 —481 226357 252-517 213-394
TL Mean + SD 387.92 +£66.80 304.25+40.86 406.12 +69.23 310.18 £43.48
n 13 8 15 49
Min — Max 0.13-0.18 0.13-0.19 0.15-0.20 0.14-0.22
TaL/TL Mean = SD 0.16 £0.01 0.17+0.02 0.17+0.01 0.18+0.03
n 13 8 15 49
Min — Max 6-7 7 7 6-9
SL Mean + SD 6.96+0.14 7.00+0.00 7.00+0.00 7.13+0.40
n 13 9 15 51
Min — Max 7-8 7 6-8 5-9
IL Mean + SD 7.42+0.45 7.00+0.00 7.40+0.54 7.23+0.50
n 13 8 15 51
Min — Max 141-162 151159 151-173 133 -160
VEN Mean + SD 154.00 +6.00 155.56 +£2.35 157.93 £6.06 144.67+6.63
n 13 9 14 51
Min — Max 35-47 35-46 39-53 35-54
SC Mean + SD 41.38+3.48 40.44£4.33 46.20+4.33 43.60+5.07
n 13 9 15 550
Min — Max 5-9 3-5 5-11 0
KMD Mean + SD 6.25+1.49 4,78 +0.67 7.46+1.85 0
n 8 9 14 52
Body shape Stout, round Slender, compressed Slender, compressed Slight stout, round
The ratio of head to neck Slight distinct Slight distinct Clearly distinct Clearly distinct
Coloration of the Indistinct None Wor bl&fﬁi}?hap ed Cream or pinkish, no
nuchal collar speckles
or brown
l?il:())slf)-rl::insdpso(t): Indistinct None Distinct Distinct
Body color Grey to dark grey Completely black Brownish-grey Brownish-grey
Pattern belly Sqlta]gtsélhzlack Unlform\illl%riltlé greyish- Dense speckling Sparse speckling
Southern China,
India, Southern China, | Thailand, Myanmar,
Distributions Myanmar, India, China Myanmar, India Myanmar, Thailand, Indochina, Malaysia,
Indochina Indonesia, Singapore
(introduced)

the specimens or the length of the tail, so these data are
unknown.

Material examined. Males (n=4). Mizoram, India: MZMU
274 collected on 12 August 2011 by T.B.C. Lalbiaknunmawia in
Sawleng Village, Aizawl District (23.981913°N, 92.931285°E; el-
evation ca. 1170 m a.s.l.); MZMU 1293 collected on 21 July 2018
by L. Rinsanga in Tanhril Village, Aizawl District (23.736575°N,
92.675996°E; elevation ca. 960 m a.s.l.); MZMU 1487 collected on
21 August 2019 by V. L. Hruaia in Selesih Village, Aizawl District
(23.802727°N, 92.732751°E; elevation ca. 1136 m a.s.l.); MZMU
1537 collected on 12 August 2011 by V. Hrima in Khawrihnim,
Mamit District (23.981913°N, 92.931285°E; elevation ca. 1170 m
a.s.l.). Females (n=4): Mizoram, India: MZMU 275 collected
on 27 June 2010 by T.B.C. Lalbiaknunmawia in Sawleng Village,
Aizawl District, India (23.979949°N, 92.924811°E; elevation ca.
1135 m a.s.l.); MZMU 1193 collected on 21 July 2018 by L. Rin-
sanga in Tanhril, Aizawl District (23.738443°N, 92.673363°E;
elevation ca. 950 m a.s.l.); MZMU 1604 collected on 4 October
2019 by J.C. Lalmuanawma in Suangpuilawn Village, Aizawl Dis-
trict (23.952506°N, 93.041164°E; elevation ca. 1060 m a.s.l.); and
MZMU 1665 collected on 14 June 2020 by HT Decemson at MZU
campus main gate, Aizawl District (23.440112°N, 92.400458°E;
elevation ca. 850 m a.s.l.).
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Diagnosis. Pareas modestus differs from all other mem-
bers of the genus Pareas by the combination of the follow-
ing morphological characters: slender black body, small
size (total length 226-357 mm); two anterior temporals,
elongated; frontal scale is hexagonal with shield-shaped
with the lateral sides converging posteriorly; anterior pair
of chin shields is longer than broad; loreal not contact-
ing the eye; prefrontal contacting the eye one subocular
and one postocular; not enlarged median vertebral; 7—8
infralabial scales; 15 dorsal scale rows slightly keeled in
35 scale rows at midbody; 151—159 ventrals; 35—-46
subcaudals, divided; body pattern uniform greyish black
to black dorsum lacking cross-bands of bicolored spots
and markings on the head; no collar; ventral surface uni-
form light greyish-white.

Description and variation. Small-sized (TL: 303.43+
44.06 mm, our longest specimen was a female with 402
mm [MZMU 274]). Body slender, notably flattened
laterally. Head distinct from neck narrowly elongated,
distinctly compressed laterally and oval in dorsal view.
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Fig. 5. Dorsal and ventral views of Pareas macularius — A, B: NHM(UK) 1946.1.20.8 (Holotype, Taninthary Divison, Myanmar), C, D:
MNHN 1938.148 (syntype of Amblycephalus tamdaoensis Bourret, 1935, Tam Dao N.P., Vinh Phuc Province, Vietnam); E, F: MNHN
1994.743 (north Laos); G, H: MNHN 2005.0232 (Long Nai, Phongsaly Province, Laos). Photos by G. Vogel.

Rostral scale slightly visible from above; single nasals;  frontals, much larger than internasals and with a slightly
two internasals, widely in contact with each other with  diagonal suture between; one frontal scale is hexagonal
a diagonal suture; two large irregular pentagonal pre-  with shield-shaped with the lateral sides converging
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Fig. 6. Dorsal and ventral view of Pareas margaritophorus — A, B: MNHN 599 (Holotype, Bangkok Capital, Thailand), C, D: SMF
20790 (Holotype of Pareas moellendorffi Bottger, 1885, Lo Fou Shan, Guangzhou Province, China). Photos by G. Vogel.

posteriorly, smaller than parietals; parietals very large,
subequal in length to its distance from internasals; pre-
subocular absent; one subocular scale elongated and
crescent-shaped and one postocular (occasionally sub-
ocular and postocular fused into a scale); one loreal not
contacting the eye; prefrontal contacting the eye; tempo-
rals usually 2+3 (occasionally 2+2), crescent—shaped,
elongated; supralabials 7, not touching eye; 7 infrala-
bials, three pairs of chin shields interlaced, no mental
groove under chin and throat, anterior pair of chin shields
are longer than broad; dorsal scales in 15—15—15 rows
around body, slightly keeled in 3—5 scale rows at mid-
body; ventrals 151-157 (155.00£2.35, n=>5) in males
and 153—-159 (156.25+2.50, n=4) in females, slight an-
gulate laterally; preventrals 1; cloacal scale undivided,
subcaudals 37—46 pairs (43.20+3.83, n=>5) in males and
35-38 pairs (37.00+£1.41, n=4) in females; relative tail
length on 0.143-0.195 in males (0.173+£0.023, n=4)
and 0.121-0.158 in females (0.139+0.017, n=4).

Colouration (in life base MZMU 275). Head and dorsal
uniformly greyish-black to blackish dorsum with upper
labials and temporals mottled in greyish-white; ventral
shields up to the tail tip in uniform light greyish-white
(Fig. 8C).

Distribution. Currently known from Yangon State, south
Myanmar and Mizoram State, northeast India, it may be
expected in neighboring states of Assam, Manipur and
Nagaland (India) (Fig. 1).
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Phylogenetic position. A member of P. margaritopho-
rus-macularius species complex; sister species of P. an-
dersonii Boulenger, 1888 (genetic divergence in cyt b
gene p=12.5%).

Natural history. In contrast to the sympatric congener
species P. monticola, P.modestus in Mizoram, India,
is likely a crepuscular species according to our obser-
vations in captivity, and due to the fact that all of the
specimens were collected during dawn and dusk. It is
also presumed to be a secretive, predominantly terrestrial
species since they were found on the ground and crevices
of rocks in the vicinity of damp forested areas and water
sources at an altitudinal range of ca. 850—1170 m a.s.1,
whilst the other member of the genus are mostly arbo-
real. A semi-digested slug was recovered from the gut of
one individual (MZMU 1604). The female MZMU 1665
contained 3 eggs (egg length 14.45-15.25 mm; width
6.54—6.75 mm).

Discussion

The mtDNA-based genealogy reported in the present
paper has the most complete taxon sampling among the
phylogenetic hypotheses published to date for Pareas
and includes 18 of the 19 recognized nominal species
of the genus. The only species which was not included

SENCKENBERG



VERTEBRATE ZOOLOGY — 70(4) 2020

*(g) e3ueswaire "LH pue (d D V) [980A ‘D £q soloyd (5881 “193n0g yliopuajjoou snaivg Jo adK1o1oy ‘06,07 ANS) ShLoydojrandivu svavg ( ‘02990T

SV snvpnovut svaavd D) ‘(L7 NINZIN) Shisapout svaivd g {(967StT SVD) HUOSIOPUD SDaIDJ 1Y "SIdQUISW Xo[dWO0 SHLIDNIDUL-SNL0YdOJIADSIDUL SD2IDJ U PBAY JO MIIA [BIJUSA PUE ‘[BId)E] ‘[eSIO(] L S

€d

€4

565

SENCKENBERG



VOGEL, G. et a/.: Taxonomic reassessment of the Pareas margaritophorus-macularius species complex

Fig. 8. Photos in life of Pareas margaritophorus-macularius complex members. A, B: Pareas andersonii in Mizoram State, India (not col-
lected); C: Pareas modestus in Mizoram State, India (MZMU 275); D: Pareas macularius in Sagaing Division, Myanmar (ZMMU NAP-
09631); E: Pareas macularius in Xaisomboun Province, Laos (ZMMU NAP-09279); F: Pareas macularius in Yunnan Province, China

(not collected); G: Pareas margaritophorus in Tak Province, Thailand (not collected), H: Pareas margaritophorus in Nghe An Province,
Vietnam (DTU 475). Photos by R. Hmar (A, B), V. Hrima (C), N. A. Poyarkov (D, E), G. Vogel (F, G), and T. V. Nguyen (H).
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due to the lack of comparative sequence data in Gen-
Bank is P. nuchalis of P. cariantus complex from Bor-
neo (Malaysia and Indonesia). Our results also indicated
a deep intraspecific divergence within P. andersonii and
P. macularius (p=7.6%-9.0% in cyt b gene), which is
comparable or even exceeds the interspecific distances
between some of the recognized species (e.g. p=8.0%
between P.iwasakii and P.atayal; p=8.9% between
P. boulengeri and P. chinensis in cyt b gene) (You et al.,
2015). This overlap might indicate that the taxonomy
of P. andersonii and P. macularius may be still incom-
plete and additional research on phylogeography and
geographic variation of these species is needed. Further
increased taxon and gene sampling is required to achieve
a better understanding of phylogenetic relationships and
diversity of Pareas snakes.

Based on examination of the type material, our study
provides strong support for Amblycephalus tamdaoensis
Bourret as a subjective junior synonym of P. macularius;
and Pareas moellendorffi Bottger as a subjective jun-
ior synonym of P. margaritophorus. Similar taxonomic
conclusions were already reported earlier in the classic
work of Smith (SmiTH, 1943), though without providing
specific morphological evidence and comparative data
confirming this taxonomy.

Two specimens of Pareas from Laos, MNHN
1994.743 (specific location not available) and MNHN
2005.0232 (from Long Nai, Phongsaly Province) shared
certain morphological characteristics typical for P. mac-
ularius (butterfly-shaped whitish nuchal blotch with dis-
tinct cross-bands consisting of bicolored spots on body)
and P. andersonii (body shape stout; head slightly dis-
tinct from neck; belly with rectangular black blotches).
Unfortunately, molecular data are not available for these
specimens, so we tentatively classify these specimens as
P. cf. macularius. Additional sampling from Laos and
other parts of Indo-Burma and molecular evidence are
needed to clarify the taxonomic status of lineages within
P. macularius.

We suggest that at present both newly revalidated
species P. andersonii and P. modestus should be catego-
rized as Data Deficient (DD) according to the IUCN Red
List criteria (2016). Though these two species of Pareas
are quite elusive, in northeast India they are often killed
by local population being mistaken for venomous snakes
like the black krait (Bungarus niger). Further research
is required to clarify the extent of their distribution and
conservation status.

Our work further underscores the western part of
Indo-Burma (Myanmar and northeast India) as a her-
petofaunal diversity hotspot, which remains still insuffi-
ciently studied compared to southwest China, Thailand,
and Vietnam (MuLcAHY et al., 2018; PLATT et al., 2018;
Zaw et al., 2019; Povarkov et al., 2019). Further inten-
sified field survey efforts along with integrative taxo-
nomic analyses with application of molecular taxonomy
techniques is required for further inventory and man-
agement of this poorly understood but diverse herpeto-
fauna.
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Updated key to the species of the Pareas margaritopho-
rus-macularius complex

1a. Dorsal scales all smooth .......... P. margaritophorus
1b. Dorsal scales slightly keeled in 3—9 rows at mid-
DOAY oot 2
2a. Body uniform greyish black to black, belly uniform-
ly colored .....oocvevvveieieieieeeeee P. modestus
2b. Body shades of grey with distinct bicolored spots,
belly with squarish black blotches or specklings ... 3
3a. Few cross-bands of bicolored spots, belly with squar-

ish black blotches .........cccccoevreenrnnee. P. andersonii
3b. Multiple cross-bands of bicolored spots, belly with
dense speckling .........ccoceevveriieiennnns P. macularius
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