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Abstract. We describe a new species of karst-dwelling pitviper from Chumphon Province of Peninsular
Thailand, in the Isthmus of Kra, based on morphological and molecular data (2427 bp from cyt b, ND4 and
16S rRNA mitochondrial DNA genes). Morphologically, Trimeresurus kraensis sp. nov. is distinguished
from other congeners by the following combination of morphological characters: a dark/bottle-green
dorsum with reddish-brown or purple crossbands; pale green venter lacking dark dots; stripes present on
the lateral sides of the ventrals; internasals generally in contact; one large supraocular scale on each side
of the head; iris pale copper; tail brown with dark purplish-brown crossbars; dorsal scales in 21-21-15
rows; ventral scales 167 in a single male, 169—171 in females; subcaudal scales 62 in a single male,
52-54 in females, all paired. White vertebral spots present in males, located on approximately every two
or four dorsal scales; dark brown spots forming discontinuous pattern present on 1-3 lateral dorsal scale
rows; males with reddish-brown postocular stripe with jagged edges. The new species differs from the
morphologically similar species Trimeresurus venustus s. str. by a notable divergence in cytochrome b
mitochondrial DNA gene sequences (p = 5.9%).

Keywords. Crotalinae, 7. kanburiensis complex, Peninsular Thailand, karst, taxonomy.
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Introduction

The genus Trimeresurus Lacépede, 1804 currently comprises 47 species of Asian pitvipers after the recent
description of Trimeresurus ciliaris by Idiiatullina et al. (2023). This latter species belongs to the complex
of species of Trimeresurus kanburiensis Smith, 1943, which currently includes four species from Southeast
Asia, namely: 7. ciliaris ldiiatullina, Pawangkhanant, Tawan, Worranuch, Dechochai, Suwannapoom,
Nguyen, Chanhome & Poyarkov, 2023, T. kanburiensis, T. kuiburi Sumontha, Suntrarachun, Pauwels,
Pawangkhanant, Chomngam, lamwiriyakul & Chanhome, 2021, and 7. venustus Vogel, 1991. Based on
molecular phylogenies, the recent papers by Mirza et al. (2023) and Idiiatullina ez al. (2023) demonstrated
that the complex of 7. kanburiensis forms a distinct clade in the subgenus Trimeresurus together with
the complex of Trimeresurus macrops, which currently includes four species, namely: 7. cardamomensis
(Malhotra, Thorpe, Mrinalini & Stuart, 2011), 7" honsonensis (Grismer, Ngo & Grismer, 2008), 7. macrops
Kramer, 1977 and T. rubeus (Malhotra, Thorpe, Mrinalini & Stuart, 2011). The systematic status of this
clade will be discussed elsewhere in the frame of a revision of the whole complex of Trimeresurus s. lat.,
namely in including other subgenera recognized by Mirza et al. (2023) and Idiiatullina ef al. (2023).

The subgenus Trimeresurus is distinguished from other members of the genus Trimeresurus by the
combination of a long papillose or calyculate hemipenis and a (partially) fused first supralabial and
nasal scales (Malhotra & Thorpe 2004a; Sumontha et al. 2021). Molecular data suggests the presence
of numerous cryptic species which are very similar morphologically and are often hard to distinguish
in the wild (Mrinalini et al. 2015; Vogel et al. 2023). Consequently, molecular methods have helped to
resolve some particularly problematic taxonomic issues among such complexes of cryptic pitviper species,
with new taxa being described every year such as in the 7. albolabris complex (e.g., Mirza et al. 2020;
Chen et al. 2020, 2021), T. kanburiensis complex (e.g., Sumontha et al. 2021; Idiiatullina et al. 2023),
T. popeiorum complex (e.g., Mirza et al. 2023), and T. stejnegeri complex (e.g., Rathee ef al. 2022).
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In the frame of the revision of several complexes of species and the identification of cryptic species in
the subgenus Trimeresurus, in the present study, we focus on the Trimeresurus kanburiensis species
complex. This group comprises relatively small, brightly coloured and patterned, karst-dwelling pitvipers
distributed across the limestone karst formations of western and southern Thailand, and northwestern
Peninsular Malaysia. Following Idiiatullina et al. (2023), this complex currently includes the four species
listed above, the ranges of which are as follows, from north to south (see Fig. 1):
o T kanburiensis: western Thailand, endemic to Kanchanaburi Province;
* T kuiburi: northern Peninsular Thailand, endemic to Prachuap Khiri Khan Province;
» T venustus: southern part of Peninsular Thailand, namely in the Thai-Malay Peninsula, southern
Thailand, in the provinces of Krabi, Nakhon Si Thammarat, Phang-Nga, Surat Thani, and Trang.
This species was also reported from the Langkawi Island off extreme northwestern Peninsular
Malaysia, in Kedah State, but its status is not resolved (see below);
» T ciliaris: extreme southern part of the Thai-Malay Peninsula, from Trang and Satun provinces
to the extreme northwestern Peninsular Malaysia, in Perlis State.

We refer to Fig. 1 for a map showing the distribution ranges of these four species, based on Chanhome
etal. (2011), Grismer et al. (2006), Chan-ard et al. (2015), Sumontha et al. (2021), and Idiiatullina et al.
(2023).

However, our investigation of the Trimeresurus kanburiensis species complex suggests that the status of
two populations is problematical and has to be re-assessed. The first one inhabits the island of Langkawi,
off the west coast of West Malaysia. This population was first reported by Grismer et al. (2006) and
identified in Idiiatullina et al. (2023) as Trimeresurus cf. venustus 2; its status will not be addressed here.

The second problematical population was initially recorded as Trimeresurus venustus from Chumphon
Province, in the central part of Peninsular Thailand, by Pauwels ez al. (2013). It was further discussed by
Sumontha et al. (2021), and identified in Idiiatullina et al. (2023) as Trimeresurus cf. venustus 1. These
latter authors demonstrated that specimens of the population from Chumphon differ in colouration and
pattern from the typical specimens of the south Thailand, namely 7. venustus s. str., and pointed out that
its taxonomic status required further investigation. During our recent field surveys in Chumphon Province,
we collected four specimens of this population. Although they are superficially similar to 7. venustus s. str.
in overall morphological habitus and body colouration, they differ in a number of other taxonomically
significant morphological characters. Furthermore, we demonstrate that they also distinctly differ by a
notable divergence in mitochondrial DNA (hereafter mtDNA) gene sequences. Subsequent phylogenetic
analyses of three mtDNA genes (cyt b, ND4, and 16S) by Idiiatullina et al. (2023), and the present paper
confirm the placement of the population of Trimeresurus sp. from Chumphon within the 7. kanburiensis
species complex, but in which it forms a divergent lineage, sister to 7. kuiburi and distantly related to
T venustus s. str., T. ciliaris, and T. kanburiensis. Consequently, based on our new data, we herein describe
the Trimeresurus cf. venustus 1 population from Chumphon Province as a new species, and discuss the
taxonomy and distribution of the 7. kanburiensis species complex.

Material and methods

Sampling

Fieldwork was carried out in the area of Sanook Cave, Muang District, Chumphon Province, Peninsular
Thailand, by P. Pawangkhanant, C. Suwannapoom, and N.A. Poyarkov in January 2022, and by
P. Pawangkhanant and S. Idiiatullina in July 2023 (Fig. 1, locality 5). Geographic coordinates and altitude
were obtained using a Garmin GPSMAP 60CSx GPS receiver (USA) and recorded in datum WGS 84.

Specimens were collected in the field by means of snake hooks, photographed in life, and euthanized using
a benzocaine solution within 24 h of capture. Specimens were fixated in 4% buffered formalin for 24 h
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Fig. 1. Distribution of members of the Trimeresurus kanburiensis species complex in Thai-Malay
Peninsula. Localities: Thailand: 7. kanburiensis Smith, 1943 (yellow): 1 = Kanchanaburi Prov., Sai Yok
Dist., Wat Tham, Phom Lo Khao Yai; 7" kuiburi Sumontha et al., 2021 (blue): 2 = Prachuap Khiri Khan
Prov., Kuiburi Dist., Wat Khao Daeng; 3 = Prachuap Khiri Khan Prov., Kuiburi Dist., Khao Daeng Beach;
4 = Prachuap Khiri Khan Prov., Kuiburi Dist., Khao Daeng, near Ban Thung Noi; Trimeresurus kraensis
sp. nov. (green): 5 = Chumphon Prov., Wat Tham Sanook; 7' venustus Vogel, 1991 (pink): 6 = Krabi Prov.,
Mueang Krabi Dist., Tiger Cave viewpoint; 7 = Nakhon Si Thammarat Prov., Khao Luang; 8 = Nakhon
Si Thammarat Prov., Thung Song; 9 = Surat Thani Prov.; Trimeresurus ciliaris Idiiatullina et al., 2023
(red): 10 = Trang Prov., Pa Lian Dist., Thum Khao Ting; 11 = Tha Le Ban NP., Khuan Don Dist., Satun
Prov.; Malaysia: 12 = Perlis State National Park, Perlis State; 7. cf. venustus (purple): 13 = Langkawi
Island, Kedah State. Stars denote type localities (except for 7. kanburiensis for which the type locality
was not sampled). Abbreviations: MY = Myanmar; MA = Malaysia; Prov. = Province; Dist. = District.
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and later stored in 70% ethanol. Specimens were subsequently deposited in the herpetological collection
of the School of Agriculture and Natural Resources, University of Phayao (AUP, Phayao, Thailand), and
the Zoological Museum of Moscow State University (ZMMU, Moscow, Russia). Tissues for genetic
analyses were taken from liver or heart prior to preservation of specimens, and stored in 96% ethanol.

Specimen collection and animal use protocols were approved by the Institutional Ethical Committee
of Animal Experimentation of the University of Phayao, Phayao, Thailand (certificate number UP-
AE64-02-04-005, issued to Chatmongkon Suwannapoom) and were strictly complacent with the ethical
conditions of the Thailand Animal Welfare Act. Field work, including collection of animals in the field,
was authorized by the Institute of Animals for Scientific Purpose Development (IAD), Bangkok, Thailand
(permit numbers U1-01205-2558 and UP-AE59-01-04-0022, issued to Chatmongkon Suwannapoom).

DNA isolation and sequencing

We extracted the total genomic DNA from ethanol-preserved muscle or liver tissues using standard
phenol-chloroform extraction procedures (Sambrook et al. 1989), followed by isopropanol precipitation
as described in Idiiatullina ef al. (2023). We used the polymerase chain reaction (PCR) to amplify three
mtDNA fragments: complete sequences of cytochrome b (cyt ») and NADH dehydrogenase subunit 4
(ND4) genes and a fragment of 16S rRNA gene. PCR conditions and primers used for both PCR and
sequencing are described in detail in Idiiatullina ef al. (2023).

All amplifications were run using a T100 Thermal Cycler (Bio-Rad). PCR products were loaded onto
1% agarose gels in the presence of ethidium bromide and visualized in electrophoresis. The successfully
targeted PCR products were purified by Diatom DNA PCR Clean-Up kit and outsourced to Evrogen®
(Moscow, Russia) for sequencing; sequence data collection and visualization was performed on an ABI
3730x1 Automated Sequencer (Applied Biosystems).

Molecular phylogeny

The matrilineal genealogy of the genus Trimeresurus was assessed using the Bayesian Inference (BI) and
Maximum Likelihood (ML) approaches. The newly obtained cyt b, ND4, and 16S rRNA sequences were
aligned together with all available sequences of T ciliaris, T. kanburiensis, T. kuiburi, and T. venustus
obtained from GenBank, as well as the sequences of 29 species of Trimeresurus representing all major
lineages within the genus, and five species of the genus Craspedocephalus Kuhl & Hasselt, 1822. The
sequence of Azemiops feae Boulenger, 1888 was used as an outgroup to root the tree. The data on voucher
and locality information, and GenBank accession numbers is summarized in Table 1.

The nucleotide sequences were initially aligned using MAFFT ver. 6 online webserver (Katoh ef al.
2019) with default parameters, and subsequently checked by eye in BioEdit ver. 7.0.5.2 (Hall 1999). The
genetic divergence among the members of the subgenus Trimeresurus was assessed by calculating the
mean uncorrected genetic p-distances between the cyt b sequences using MEGA ver. 6.0. (Tamura ef al.
2013). The best-fit DNA evolution models for the data set were estimated for genes and codon positions
in Partitionfinder ver. 2.1.1 (Lanfear ez a/. 2012) using Akaike information criterion (AIC). The optimal
estimated models of DNA evolution included: GTR+I+G model for 16S rRNA and the second codon
position of ND4, GTR+G model for the first codon position of cyt b, HKY+I+G model for the second
codon position of cyt b and the first and the third codon positions of ND4, and HKY+I model for the third
codon position of cyt . When the same model was suggested for different codon partitions of a given
gene, they were treated as a single partition, what resulted in four partitions in total.

Phylogenetic trees were estimated for the concatenated alignment including fragments of cyt b, ND4,
and 16S rRNA gene sequences. The ML-tree was generated using IQ-TREE webserver (Nguyen et al.
2015); the confidence in tree topology was assessed by 1000 ultrafast-bootstrap replications (ML UFBS).
The BI analysis was conducted in MrBayes ver. 3.1.2 (Huelsenbeck & Ronquist 2001). Metropolis-
coupled Markov chain Monte Carlo (MCMCMC) analyses were run with one cold chain and three heated
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chains for one million generations and sampled every 1000 generations; the run was checked to ensure
the effective sample sizes (ESS) were all above 200 by exploring the likelihood plots using TRACER
ver. 1.7 (Rambaut et al. 2018). The initial 1000 trees were discarded as burn-in. The confidence in tree
topology was assessed by calculating the posterior probability (BI PP) (Huelsenbeck & Ronquist 2001).
We a priori regarded the tree nodes with ML UFBS values of 95% or higher and PP values over 0.95 as
strongly supported; ML UFBS values between 95% and 90% and PP values between 0.95 and 0.90 were
regarded as moderate support, while lower values were regarded as a lack of node support (Huelsenbeck &
Hillis 1993).

Morphological differentiation

Morphological examination, including measurements and meristic counts, followed Idiiatullina et al.
(2023). Paired meristic characters were given in the left/right order. The following measurements were
taken with a Mitutoyo digital caliper to the nearest 0.1 mm. Abbreviations used were as follows:

ED = horizontal eye diameter

HD = maximum head depth

HL = head length (from the tip of rostral to the posterior end of the jaw)
HW = maximum head width

SnL = snout length (from the tip of rostral to the anterior eye margin)
SOL = supraocular length

SOW = supraocular width

SVL = snout-vent length

TalL = tail length

TL = total length

VED = vertical eye diameter

Meristic characters examined include:

ASR = anterior number of dorsal scale rows (at one HL behind the head)

CP = cloacal plate(s)

DSR = dorsal scale rows

IL = number of infralabial scales

InN sep= internasal scales in contact (1) or not (0)

IOS = interorbital scales, counted along a row between the middle of supraocular scales

MSR = number of dorsal scale rows at midbody (at the level of the ventral plate corresponding to
the half of the total number of ventrals)

PosOc = number of postocular scale(s)

PreV = number of preventrals (scales directly preceding the ventrals, unpaired, wider than long but

not in contact on each side with the 1% dorsal scale row)
PSR = posterior number of dorsal scale rows (at one HL before anal plate)

SC = number of subcaudal scales, not including the terminal pointed scute
SL = number of supralabial scales

SRR = dorsal scale rows reduction (counted following Dowling 1951a)
VEN = number of ventral scales (counted following Dowling 1951b)

We also counted the number of maxillary teeth for each specimen. The sex was determined by examination
of the hemipenes that were forcedly everted by water injection in the tail base prior to the preservation of
the specimen. Morphological data for the additional examined specimens are presented in Appendix 1.

Museum and other acronyms:
AUP = Agriculture University of Phayao, Phayao, Thailand
NHMUK = The Natural History Museum, London, UK (formely BMNH)
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PSUZC = Prince of Songkhla University Zoological Collection, Songkhla, Thailand

QSMI = Queen Saovabha Memorial Institute, Bangkok, Thailand

ZMB = Zoologisches Museum fiir Naturkunde der Humbolt-Universitit zu Berlin, Berlin, Germany
ZMMU = Zoological Museum of Moscow State University, Moscow, Russia

Results

Sequence characteristics

The final alignment of the three examined mtDNA fragments comprised 2427 base pairs, including:
1104 bp of cyt b, 803 bp of ND4, and 520 bp of 16S rRNA genes. Protein-coding sequences were
translated into amino acids in order to confirm that no pseudogenes have been amplified. The GenBank
accession numbers of the obtained sequences and specimen information are summarized in Table 1.

Phylogenetic relationships

The ML and BI phylogenetic analyses recovered trees with essentially identical topologies; the only minor
topological differences were associated with several nodes with low values of nodal support, which are
not relevant to the analysis of the focal group (Fig. 2). Monophyly of the genus Craspedocephalus is not
supported in our tree: it consists of two deeply-divergent mtDNA clades corresponding to the Southeast-
Asian subgenus Craspedocephalus (95/1.0, hereafter node support values are given for ML UFBS/
BI PP, respectively), and to the Indian and Sri-Lankan subgenus Peltopelor Giinther, 1864 (100/1.0);
however, this topology lacks significant nodal support (56/0.74; Fig. 2). The matrilineal genealogy
strongly supported the monophyly of the genus Trimeresurus (100/1.0) with respect to its sister genus
Craspedocephalus; however, the phylogenetic relationships among the main groups of Trimeresurus
remained unresolved. The subgenus Trimeresurus was recovered as paraphyletic in our analysis with the
T albolabris species group (100/1.0; which included: 7. albolabris Gray, 1842, T. guoi Chen, Shi, Vogel &
Ding, 2021, T. septentrionalis Kramer, 1977, T. cantori (Blyth, 1846), T. erythrurus (Cantor, 1839), and
T purpureomaculatus (Gray, 1832)) which was suggested as a sister group to all other members of the
genus, though with ambiguous topological support values (93/0.98; Fig. 2).

The remaining members of the subgenus Trimeresurus included the 7. macrops species complex and
the 7. kanburiensis species complex, which formed a strongly supported monophyletic group (100/1.0)
(Fig. 2). The genealogical relationships within this clade were generally sufficiently resolved and strongly
suggested that Trimeresurus sp. from Chumphon Province belongs to one clade with 7. honsonensis,
T macrops, and T. kuiburi (100/1.0; Clade 2 in Fig. 2). The matrilineal genealogy recovered Trimeresurus sp.
from Chumphon as a monophyletic group (1.0/100), and suggested that it represents a sister species of
T. kuiburi, though this topology was not supported in ML ananlysis and received only moderate support
in BI analysis (66/0.95; Fig. 2). The phylogenetic position of 7. ciliaris from southernmost Thailand
and 7. rubeus from Vietnam remained unresolved in our tree. Trimeresurus kanburiensis was strongly
suggested as a sister species to the remaining members of the species complex with exception of T. ciliaris
and 7. rubeus (99/1.0; Fig. 2), while T. cardamomensis was recovered as a sister species of 7. venustus
s. str. with ambiguous support (92/1.0; Fig. 2)

Genetic distances

The uncorrected p-distances for the cyt b gene fragment among examined members of the subgenus
Trimeresurus are presented in Table 2. Interspecific distances among the members of the subgenus
Trimeresurus varied from p = 3.0% (between T venustus s. str. and 7. honsonensis) to p = 15.1% (between
T kuiburi, T. erythrurus, and T. albolabris). The Trimeresurus sp. lineage from Chumphon Province is
highly divergent from other congeners in cyt » mtDNA gene sequences with genetic distance varying
from p = 4.1% (with 7. honsonensis) to p = 14.0% (with T. erythrurus).
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In summary, our phylogenetic analyses demonstrated that 7rimeresurus sp. from Chumphon Province
clearly represents a highly divergent lineage of pitvipers, which is most closely related to 7. honsonensis,
T. macrops, and T. kuriburi, with more distant genealogical relationships to 7. venustus s. str. and
T. cardamomensis (Fig. 2).

Taxonomy

Sumontha et al. (2021) and Idiiatullina et al. (2023) suggested that the population of Trimeresurus sp.
occurring in Chumphon Province, in the Isthmus of Kra, was distinct from Trimeresurus venustus s. str.
Molecular analyses clearly demonstrate that this population forms a distinct clade in the phylogeny of
the Trimeresurus kanburiensis species complex (Fig. 2), which is also significantly divergent from other
members of the complex in cyt » mtDNA gene sequences (Table 2). Based on examination of our new
material, morphological analyses also recovered a number of important diagnostic characters allowing
us to distinguish the Chumphon population of Trimeresurus sp. from T. venustus s. str., with which it was
previously confused, as well as from all other members of the genus Trimeresurus (summarized below in
Table 3). Based on these results, we regard the population from Chumphon Province as a distinct species,
which we formally describe below.

Taxonomic account

A249 - Thailand, Nakhon Si Thammarat (7)
A75 - Thailand, Nakhon Si Thammarat (7)
100 A74 - Thailand, Nakhon Si Thammarat (7)
B29 - Thailand, Surat Thani (9) :
A241 - Thailand, Nakhon Si Thammarat (8) T’”"eresur"s
100/1.07  A237 - Thailand, Nakhon Si Thammarat (8) venustus
ZMMU Re-17212 - Thailand, Krabi (6)
ZMMU Re-17213 - Thailand, Krabi (6)
Clad 1 | ZMMU Re-17214 - Thailand, Krabi (6)
i ‘QSMI TV07 - Thailand, Krabi (6) - -
Trimeresurus cardamomensis T. kanburiensis -
Clade 2 .1 ZMMU Re-17664 - Thailand, Chumphon (5) Trim T
ade 10011.08  ZMMU Re-17666 - Thailand, Chumphon (5) .m iq
ZMMU Re-17665 - Thailand, Chumphon (5) kraens acrops
ZMMU Re-17231 - Thailand, Prachuap Khiri Khan (2) H
ZMMU Re-17095 - Thailand, Prachuap Khiri Khan (3) T”me{es",'us co m p I exes
QSMI 1500 - Thailand, Prachuap Khiri Khan (4) kuiburi
X ¥ 931 Trimeresurus honsonensis
a8 Ai A Trimeresurus macrops
SR ZMMU Re-17667 - Thailand, ™) Trip us kanburiensi:
100/1.0} Trimeresurus rubeus
Trimeresurus 780,99y AUP-02011 - Thailand, Trang (10)
6710851 ZMMU Re-17663 - Thailand, Trang (10)
kmensis Sp. nov. 10011.04  ZMMU Re-17662 - Thailand, Trang (10)
ZMMU Re-17661- Thailand, Trang (10)
92/1.0, Trimeresurus cf. vogeli
100/1.0f . . " . .
L ———  Trimeresurus vogeli Virido vipera
_93/0.98] of. ; ;
I Sinovipera
i malcolmi i
. Trimeresurus schultzei Parias
genus Trimeresurus s. |. Trimerosurus hageni
s s s | Himalayophis
100/1.0] 8010 Trimeresurus fucatus
Trimeresurus cf. popeiorum 1 ;
Trimeresurus nobularis Popeia
Trimeresurus cf. popeiorum 2
Trimeresurus phuketensis
56/0.74 10011.00~ Trimeresurus purpureomaculatus .
sor1. Trimeresurus erythrurus Trimeresurus s. str.
99/0.95] Trimeresurus cantori -
10010 Trimeresurus aibolabris (T. albolabris complex)
99/1.0! Trimeresurus guoi
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88/0.77 i
soo.g T e
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i} s ) (Peltop
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puniceus
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Fig. 2. Maximum Likelihood (ML) tree of the genus Trimeresurus Lacépede, 1804 derived from the
analysis of 2427 bp of cyt b, ND4, and 16S rRNA mitochondrial DNA gene sequences. For voucher
specimen information and GenBank accession numbers see Table 1. Numbers at tree nodes correspond
to ML UFBS/BI PP support values, respectively. Colours of clades and locality numbers correspond
to those on the map in Fig. 1. Photograph showing the new species Trimeresurus kraensis sp. nov. by
P. Pawangkhanant.
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Table 2. Uncorrected p-distances (percentage) between the sequences of cyt b mtDNA gene of species of
the subgenus Trimeresurus Lacépéde, 1804 included in the phylogenetic analyses; genetic differentiation
of the new species Trimeresurus kraensis sp. nov. is shown in bold.

No. Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 T. ciliaris

2 T. venustus 12.5

3 T. kraensis sp. nov. 122 59

4 T. kuiburi 121 95 6.6

5 T. kanburiensis 8.0 68 76 72

6 1. honsonensis 77 30 41 74 -

7 T macrops 109 56 59 53 60 438

8 T. cantori 134 129 130 134 122 - 124

9 T. erythrurus 170 174 140 151 133 13.7 139 52

10 T. septentrionalis 14.1 179 133 149 132 48 131 7.6 8.1

11 T purpureomaculatus  14.0 182 133 14.0 128 56 12,6 50 1.7 8.1

12 T. albolabris 173 14.0 139 151 13.6 133 141 70 64 80 72

13 T. cardamomensis 77 93 60 56 48 - 49 108 135 132 129 124

14 T. guoi 14.1 105 108 125 85 122 99 35 34 41 31 35 8.1

Class Reptilia Laurenti, 1768
Order Squamata Oppel, 1811
Suborder Serpentes Linnaeus, 1758
Family Viperidae Oppel, 1811
Subfamily Crotalinae Oppel, 1811
Genus Trimeresurus Lacépede, 1804

Trimeresurus kraensis sp. nov.
urn:lsid:zoobank.org:act: AF38FFC5-F4E0-48CE-A897-8C350982625F
Figs 24, 5C, 6A-B; Tables 3—4

Trimeresurus venustus (partim) — Pauwels ef al. 2013: 280. — Sumontha et al. 2021: 320.
Trimeresurus cf. venustus — Sumontha ef al. 2021: 321, fig. 9B.
Trimeresurus cf. venustus 1 — Idiiatullina et al. 2023: 699, 704.

Diagnosis

The new species is assigned to the subgenus 7rimeresurus based on the following morphological attributes:
a long papillose hemipenis and partially fused first supralabial and nasal scales (Malhotra & Thorpe
2004a; Idiiatullina et al. 2023). The new species Trimeresurus kraensis sp. nov. is distinguished from all
other species of the subgenus Trimeresurus by the following combination of morphological characters:
(1) a dark olive-green or bottle green dorsum; (2) dorsal pattern consisting of about 60 reddish-brown
or purple blotches, transversally elongate but not reaching the lower part of the flanks, two or three
series of dark brown spots forming a discontinuous pattern on the 1* to 3™ dorsal scale rows and white
vertebral spots present in males, located approximately on every two or four dorsal scales; (3) venter
creamish-green with some dark brown spots; (4) tips of the ventral plates both cream and dark brown,
forming a discontinuous, alternating pale and dark, ventrolateral stripe; (5) males with a reddish-brown
postocular stripe; (6) internasals generally in contact behind the posteror tip of the rostral; (7) single large
supraocular scale; (8) iris pale copper, (9) tail brown with dark purplish-brown crossbars; (10) dorsal
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scales in 21-21-15 rows; (11) ventral scales 167 in a single male, 169—171 in females; (12) subcaudal
scales 62 in a single male, 52—54 in females, all paired.

Etymology

The species name is the modern Latin adjective ‘kraensis’ in the nominative singular, masculine gender,
combining the noun ‘Kra’, from the name of the Kra Isthmus in Peninsular Thailand where the type locality
of the species is located, and the Latin suffix ‘-ensis’ (-is, -¢), meaning ‘from’. The species name therefore
means, ‘from Kra’. We suggest the following common names for the new species: y#19LaNYNWS (Ngu
Hang Ham Chumphorn) (in Thai), and Kra Isthmus Pitviper (English).

Type material

Holotype
THAILAND ¢ @ adult; Chumphon Province, Muang District, Banna Subdistrict, Wat [= Temple] Tham
Sanook and its cave Tham Sanook; 10.48089° N, 99.07323° E; 65 m a.s.1.; 27 Jul. 2022; P. Pawangkhanant,
N.A. Poyarkov and C. Suwannapoom leg.; AUP-02036.

Paratypes
THAILAND ¢ 1 & adult; same collection data as for holotype; 27 Jul. 2022; ZMMU Re-17664 (field
label NAP-11581) ¢ 1 Q adult; same collection data as for holotype; 27 Jul. 2022; ZMMU Re-17666 (field
label NAP-11582) « 1 Q@ subadult; same collection data as for holotype; 15 Jan. 2023; P. Pawangkhanant
and S.S. Idiiatullina leg.; ZMMU Re-17665 (field label ISS-004).

Description (holotype)

Adult female specimen (Fig. 3) in good state of preservation; measurements of holotype presented in
Table 4. Body cylindrical, long and thin (SVL 459 mm, TaL 83 mm, TL 542 mm, TaL/TL 0.153) (Fig. 3).
Head triangular in dorsal view (Fig. 3E), elongate, clearly distinct from neck (HL 21.7 mm, HW 17.3 mm,
HW/HL 0.80). Snout elongate, flattened, and rounded in dorsal view (Fig. 3E), rather rectangular in lateral
view (Fig. 3D), with very distinct and sharp canthus rostralis (SnL/HL 0.31, SnL/ED 2.31). Rostral barely
visible in dorsal aspect, triangular (Fig. 3E). One pair of enlarged internasals, in contact with each other
behind posteror tip of rostral (Fig. 3E). Pupil vertically elliptical, loreal pit present, and triangular in
shape (Fig. 3D). Nostril completely enclosed in entire nasal scale, nasal scale partially fused with first
supralabial (Fig. 3D). Shield bordering anterior edge of loreal pit fused with second supralabial (Fig. 3D).
One subocular long, thin, crescent-like, separated from 4™ and 5™ supralabials by one row of scales;
single posterior subocular small (Fig. 3D). Three preoculars on each side of head; two upper preoculars
located above loreal pit, elongated, in contact with single scale formed by fused second supralabial and
loreal, which separates them from nasal; lower preoculars elongated, rectangular, forming lower margin
of loreal pit, lower preocular in contact with third supralabial (Fig. 3D). Supralabials 12/12, fourth one
largest (Fig. 3D); 12/12 infralabials, those of first pair in contact with each other behind mental (Fig. 3F);
first three pairs of infralabials in contact with single pair of chin shields (Fig. 3F). Seven pairs of gulars
aligned between chin shields and single preventral (Fig. 3F). One supraocular on each side, enlarged,
slightly indented on its inner margin by upper head scales (Fig. 3E). Scales on snout and in interorbital
region smooth, irregular, subimbricate; temporal and occipital scales moderately keeled (Fig. 3D-E).
Dorsal scales in 21-21-15 rows. Dorsal scales all keeled, except first row, which is smooth. Single
preventral + 171 ventrals. Cloacal plate single; 54 subcaudals, all divided.

Colouration of holotype in life (Fig. 3)

The background dorsal colour is bright olive-green above, slightly paler bluish-green on the lower part of
each side; many dorsal scales heavily stippled with minute reddish-brown dots, especially on the lower
part of the sides; a dorsal series of about 60 dorsal blotches, dark reddish-brown, transversally elongate,
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rather short, wider than long, not extending downwards on the flanks beyond the 5" dorsal scale row and
not forming true crossbands; these dorsal blotches are much irregular in shape, often constricted in their
middle or partially divided into two lateral blotches, united or alternating with one another along the
vertebral row; white, elongate narrow spots or dashes aligned on the vertebral row, located approximately
every two or four dorsal scales; one or two series of dark brown spots, about one-scale long, scattered on
the 1° to 3™ dorsal scale rows, irregularly spaced, usually forming pair obliquely arranged; some scales
of the 1* dorsal row cream as the tips of dorsals. The tail is coloured and patterned like the dorsum, with
about 15 dorsal blotches, turning to dark brown on a pink background on the posterior quarter of the tail.

Fig. 3. The holotype of Trimeresurus kraensis sp. nov. in life (AUP-02036, adult female) from Wat Tham
Sanook, Chumphon Province, Thailand. A. Dorsolateral view. B. Ventrolateral view. C. Close-up of dorsal
scales. D. Left side of the head. E. Dorsal view of the head. F. Ventral view of the head. Photographs
by P. Pawangkhanant.
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The head is bright olive-green like the body above, largely covered with dark reddish-brown areas, of
the same colour as the dorsal blotches, so extensively that the head appears reddish-brown above with
narrow olive-green lines; rostral olive-green on its lower part, dark reddish-brown on its upper part;
internasals and the canthal scales more extensively green than reddish-brown; side of the head pale green;
paler than the upper head surface; nasal, loreal and preoculars with dark reddish-brown spots or blotches;
supralabials dotted with pale blue; two broad vertical streaks, dark reddish brown covering the parts of the
supralabials located below the loreal pit and the eye, respectively; a broad, dark reddish-brown postocular
streak, edged above with a narrow area of bright olive-green, extends from the eye to the corner of the
mouth. The infralabials, chin and throat are cream with dark brown spots, more numerous on the mental
scale and the supralabials.

Fig. 4. Habitat of Trimeresurus kraensis sp. nov. A. Macrohabitat of the new species near the Wat Tham
Sanook, Chumphon Province, Thailand. B. Photos in life in situ, adult male (uncollected). C. Subadult
female (paratype, ZMMU Re-17665). Photographs by P. Pawangkhanant (A), Rupert Grassby-Lewis
(B), and N.A. Poyarkov (C).
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The venter is pale creamish-green, mostly uniform but with some scattered dark brown spots; tips and
outer parts of most ventral plates both cream and dark brown, forming a discontinuous, pale and dark,
ventrolateral stripe extending from the neck to the vent. The ventral surface of the tail is cream heavily
blotched with dark brown, becoming entirely dark brown posteriorly.

Colouration of holotype in preservative

In preservative, the background dorsal colour fades to dark grey, but the pattern remains generally
unchanged.

Fig. 5. Comparison of body colouration between members of the Trimeresurus kanburiensis species
complex (males). A. Trimeresurus ciliaris ldiiatullina et al., 2023 from Trang Province, Thailand.
B. T kanburiensis Smith, 1943 from Kanchanaburi Province, Thailand. C. Trimeresurus kraensis
sp. nov. from Chumphon Province, Thailand. D. 7. cf. venustus Vogel, 1991 from Langkawi Island,
Kedah State, Malaysia. E. 7. kuiburi Sumontha et al., 2021 from Prachuap Khiri Khan Province, Thailand.
F. T. venustus from Krabi Province, Thailand. Photographs by P. Pawangkhanant (A—C, F), T. Chalton
(D), and T. Woranuch (E).
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Fig. 6. Comparison of head colouration (left profile and dorsal view of the head) between members of the
Trimeresurus kanburiensis species complex (males). A—B. Trimeresurus kraensis sp. nov. C-D. T. ciliaris
Idiiatullina et al., 2023. E-F. T. kanburiensis Smith, 1943. G-H. T. kuiburi Sumontha et al., 2021.
I-J. T venustus Vogel, 1991. Photographs by P. Pawangkhanant (A-F), A. Kaosung (G-H, J) and
M. Naiduangchan (I).
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Table 4. Morphological data on the type series of Trimeresurus kraensis sp. nov. For abbreviations see
Material and methods section.

Specimen ID AUP-02036 ZMMU Re-17664 ZMMU Re-17665 ZMMU Re-17666
Type status Holotype Paratype Paratype Paratype
Sex F M F F
SVL (mm) 459 328 270 263
TaL (mm) 83 69 47 42
TL (mm) 542 397 317 305
HL (mm) 21.7 16.2 15.8 14.8
HW (mm) 17.3 11.5 11 10.5
HD (mm) 10.4 7.4 8.1 6.7
SnL (mm) 6.7 4.4 4.3 4
ED (mm) 2.9 3.1 2.9 2.9
VED (mm) 2.4 2.2 2.1 2.1
SOL (mm) 3.5 2.9 3.5 2.9
SOW (mm) 1.3 1.1 1.2 1.1
Internasals in contact  yes no yes yes
Contact nasal-1* SL partially fused partially fused partially fused partially fused
108 11 11 13 11
PosOc 2/2 2/2 2/2 2/2
SL 12/12 9/9 10/9 9/9
IL 12/12 11/10 12/13 11/11
ASR 21 21 21 21
MSR 21 21 21 21
PSR 15 15 15 15
SRR 21 to 19 (V) 112 112 111 108
SRR 19 to 17 (V) 122 122 121-122 117
SRR 17 to 15 (V) 131 131-132 131 125
PreV 1 2 2 1
VEN 171 167 169 171
Cp 1 1 1 1
SC 54 62 53 52
Variation

The main meristic and morphometric characters of the type series of Trimeresurus kraensis sp. nov. are
summarized in Table 4; photographs of paratype female ZMMU Re-17665 and an uncollected specimen
are presented in Fig. 4C and Fig. 4B, respectively. The holotype AUP-02036 represents the longest known
specimen and is 542 mm long. The longest known male is 397 mm long (SVL 328 mm, TaLL 69 mm,
ZMMU Re-17664). Ratio TaL/TL: 0.138-0.174 (male: 0.174, females: 0.138—0.153). Below, we will

summarize the variation among the sexes in several main morphological characters.

Body scalation

21-21-15 DSR; 167-171 VEN (male: 167, females: 169-171); 52—62 SC (male: 62, females: 52-53);
total number of VEN + SC: 222-229 (male: 229, females: 222-225).

Head scalation

The internasals in contact in all examined specimens but in the male paratype ZMMU Re-17664 they
are separated by a small scale; SL: 9-12; IL: 10-13.
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Main characters of colouration pattern
Reddish-brown dorsal blotches not forming true crossbands, not extending downwards below the 5%
dorsal scale rows; postocular streak always present, dark reddish-brown, broad and conspicuous in both
males and females; white ventrolateral stripe present in both sexes.

Distribution and natural history

Currently, Trimeresurus kraensis sp. nov. is known only from two small karst formations, namely the
Sanook Cave (environs of Wat Tham Sanook Monastery; Fig. 4A) and Chang Phueak Cave (environs of
Wat Tham Chang Phueak Monastery), both in Banna Subdistrict, Muang District, Chumphon Province,
Thailand (approximate coordinates: 10.446216° N, 99.035114° E; 87 m a.s.l.; Sumontha et al. 2021; our
data). The two localities are separated by a distance of 5.8 km from each other and are located on the
opposite sides of a low limestone hilly area spanning from north-east to south-west for ca 22 km in the
central part of the Chumphon Province of Thailand. It is highly likely that Trimeresurus kraensis sp. nov.
can be found at additional localities along this karst area; nevertheless, the estimated distribution range
of the new species seems to be restricted to this limestone landscape.

The new species appears to be a locally abundant species of snake. Adult individuals were recorded after
dusk (18:30-22:00) while foraging on large karst rocks and walls (Fig. 4A). Young snakes were generally
found while perching on small bushes growing among the limestone rocks; individuals in pre-shedding
phase were also recorded while perching on bushes. Trimeresurus kraensis sp. nov. is quite aggressive
when handled. Toxicological status of the new species remains unknown. Nothing is known about the diet
of the new species in the wild either, but it is most likely a generalist predator, as captive individuals ate
geckos, small frogs and mice, similar to 7. kuiburi as described by Sumontha ez al. (2021). Reproduction
of the new species was not observed.

At the type locality (the Sanook Cave), the habitat of the new species represents tropical secondary forest
with numerous lianas and bushes covering the limestone formations (Fig. 4A). The new species was found
in syntopy with snake species Ahaetulla prasina Boie, 1827 and Elaphe taeniura Cope, 1861 (Colubridae
Oppel, 1811), and Trimeresurus cf. albolabris Gray, 1842 (Viperidae), as well as with gecko species
Cyrtodactylus sanook Pauwels, Sumontha, Latinne & Grismer, 2013, C. cf. oldhami (Theobald, 1876),
Gehyra lacerata (Taylor, 1962), Dixonius siamensis (Boulenger, 1899), and Gekko gecko (Linnaeus,
1758) (Gekkonidae Oppel, 1811) (see Pauwels et al. 2013; our data). The syntopic species of amphibians
included: Microhyla tetrix Poyarkov, Pawangkhanant, Gorin, Juthong & Suwannapoom, 2020, M. butleri
Boulenger, 1900, M. heymonsi Vogt, 1911, M. mukhlesuri Hasan, Islam, Kuramoto, Kurabayashi &
Sumida, 2014, Micryletta cf. erythropoda (Tarkhnishvili, 1994), and Glyphoglossus guttulatus (Blyth,
1856) (Microhylidae Giinther, 1858 (1843)); Kurixalus sp. (Rhacophoridae Hoffman, 1932 (1858));
Occidozyga martensii (Peters, 1867) and Limnonectes hascheanus (Stoliczka, 1870) (Dicroglossidae
Anderson, 1871); and Ingerophrynus parvus (Boulenger, 1887) (Bufonidae Gray, 1825).

Comparisons

The new species is morphologically and phylogenetically placed within the subgenus Trimeresurus
(Malhotra & Thorpe 2004a; David et al. 2011) and is morphologically overall most similar to other
limestone-dwelling species of pitvipers belonging to the 7. kanburiensis complex, including: 7. ciliaris,
T kanburiensis, T. kuiburi, and T. venustus s. str.; therefore, the comparisons of the new species with these
four congeners appear to be the most pertinent. The main diagnostic characters separating Trimeresurus
kraensis sp. nov. from these four species are summarized in Table 3, additional morphological data are
presented in Appendix 1. The comparison of body colouration and head scalation of these species is
presented in Figs 5 and 6, respectively.
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Trimeresurus kraensis sp. nov. differs from 7. ciliaris by having lower total length in males (max TL
397 mm vs 432 mm); lower number of ventrals in males (VEN 167 vs 172—175 [avg. 173]); slightly lower
number of ventrals plus subcaudals in males (VEN+SC 229 vs 232-238 [avg. 234.0]); higher number
of anterior dorsal scale rows (ASR 21 vs 17); higher number of midbody scale rows (MSR 21 vs 17);
postocular stripe straight (vs concave); small scale between nasal and 2" supralabial absent (vs present);
single large supraocular scale (vs three or four small supraocular scales); white vertebral dots absent in
females (vs present, every 2—3 scales); ventral surface pale creamish-green (vs creamy white); pale and
dark ventrolateral stripe always present, discontinuous, reddish-brown (vs absent); and iris pale copper
(vs olive-green with faded brown horizontal stripe).

The new species differs from 7. kanburiensis by having lower total length in both sexes (max TL 397 mm
in male, 542 mm in female vs 500 mm in male, 667 mm in female, respectively); slightly lower number
of ventrals in males (VEN 167 vs 172); slightly higher number of subcaudals in females (SC 52—-54 [avg.
53.0] vs 4651 [avg. 48.3]); slightly lower anterior number of dorsal scale rows (ASR 21 vs 21-23 [avg.
22.2]); higher number of midbody scale rows (MSR 21 vs 19); higher number of interorbital scales (IOS
11-13 vs 7-9); internasals generally in contact (vs always separated); ventral surface pale creamish-green
(vs creamy white).

Trimeresurus kraensis sp. nov. further differs from 7. kuiburi by having lower total length in males (max
TL 397 mm vs 465 mm); higher number of midbody scale rows (MSR 21 vs 19); postocular streak straight
(vs concave); white vertebral dots present on every 2—4 scales in males (vs every 5—6 scales); and pale
and dark lateral stripe on ventrals always present, discontinuous, cream, and reddish-brown (vs absent).

Finally, Trimeresurus kraensis sp. nov. can be differentiated from 7 venustus s. str. by having lower total
length in both sexes (max TL 397 mm in male, 542 mm in female vs 580 mm in male, 530 mm in female,
respectively); slightly higher number of ventrals in females (VEN 169-171 [avg. 170.3] vs 173-181
[avg. 177.3]); slightly lower number of ventrals plus subcaudals in both sexes (VEN+SC 229 in male,
222-225 [avg. 223.3] in females vs 229-248 [avg. 238.7] in males, 224-236 [avg. 231.5] in females);
internasals always in contact (vs always separated); white vertebral dots present every 2—4 scales in males
(vs absent); dorsal pattern consisting of transversally elongate blotches, not extending downwards beyond
the 5™ dorsal scale row (vs true crossbands, narrow and reaching the 1% dorsal scale row).

Among the other species of the subgenus 7rimeresurus, the new species can be readily distinguished
from T_ albolabris Gray, 1842, T andersonii Theobald, 1868, T. cantori (Blyth, 1846), T. cardamomensis
(Malhotra, Thorpe, Mrinalini & Stuart, 2011), 7" caudornatus Chen, Ding, Vogel & Shi, 2020, T. davidi
Chandramouli, Campbell & Vogel, 2020, 7. erythrurus (Cantor, 1839), T. fasciatus (Boulenger, 1896),
T. guoi Chen, Shi, Vogel & Ding, 2021, T. honsonensis (Grismer, Ngo & Grismer, 2008), 1. insularis
Kramer, 1977, T. labialis (Fitzinger in Steindachner, 1867), T. macrops Kramer, 1977, T. mutabilis
Stoliczka, 1870, T. purpureomaculatus (Gray, 1832), T. rubeus (Malhotra, Thorpe, Mrinalini & Stuart,
2011), T. salazar Mirza, Bhosale, Phansalkar, Sawant, Gowande & Patel, 2020, and 7. septentrionalis
Kramer, 1977 by dorsal colouration and pattern (reddish-brown or purple dorsal blotches on olive-green
or bottle-green background in the new species vs uniform green or green colouration with no pattern
or pattern consisting of small brownish spots or speckles in other species, or straw-yellow background
with irregular, dark-brown transverse body bands in 7. honsonensis). Moreover, by having 21 MSR, the
new species can be further separated from 7. cantori (27, 29 or 31 MSR), T. erythrurus (23 rarely 21,
25 MSR), and T. purpureomaculatus (25 rarely 27, 29 MSR) (see Gumprecht et al. 2004; Grismer et al.
2008; Malhotra et al. 2011; Chandramouli et al. 2020; Chen et al. 2020, 2021; Mirza et al. 2020; our data).

Discussion

Our phylogenetic data are congruent with the results of Idiiatullina ef a/. (2023) and suggest a similar set
of genealogical relationships among the members of the T° kanburiensis species complex. Following the
description of Trimeresurus kraensis sp. nov., the subgenus Trimeresurus, as defined by Mirza et al. (2023)
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and Idiiatullina et al. (2023), currently includes 23 species namely, Trimeresurus albolabris, T. andersonii,
T cantori, T. cardamomensis, T. ciliaris, T. caudornatus, T. davidi, T. erythrurus, T. fasciatus, T. guoi,
T. honsonensis, T. insularis, T. kanburiensis, T. kraensis sp. nov., T. kuiburi, T. labialis, T. macrops,
T mutabilis, T. purpureomaculatus, T. rubeus, T. salazar, T. septentrionalis, and T. venustus (Sumontha
etal. 2021; Mirza et al. 2023; Poyarkov et al. 2023). Within this group, the members of the 7. kanburiensis
and 7. macrops species complexes do not form reciprocally monophyletic clades but form a strongly
supported monophylum with poorly resolved phylogenetic relationships within it. Comparable results
were reported by an earlier genome-wide analysis by Mrinalini ez a/. (2015) and mtDNA-based genealogy
by Idiiatullina et al. (2023). Overall, these results suggest a complicated evolutionary history in this group,
with the shifts between the limestone-associated and the forest-associated lifestyles likely happened
several times during the evolution of Trimeresururs pitvipers (see discussion in Sanders et al. 2006 and
Idiiatullina et al. 2023).

In the present study, we report on a previously undescribed lineage of limestone-associated pitvipers of
the subgenus Trimeresurus. According to our mtDNA-based phylogeny, the newly discovered species
Trimeresurus kraensis sp. nov. forms a highly divergent lineage of pitvipers, which is suggested as
a sister species of 7. kuiburi in our phylogenetic tree (Fig. 2). Both species occur in the Thai-Malay
Peninsula which suggests that the area around the Isthmus of Kra likely played an important role in the
differentiation of the 7. kanburiensis and T. macrops species complexes. The importance of the Isthmus
of Kra as an area of herpetofaunal turnover was demonstrated in numerous recent publications; this
narrow zone likely shaped radiation in many groups of reptiles (e.g., Chomdej et al. 2021; Grismer et al.
2020a, 2020b, 2022; Poyarkov et al. 2019, 2022, 2023) and amphibians (e.g., Chen et al. 2018; Gorin
et al. 2020; Matsui et al. 2005; Pawangkhanant et al. 2018; Poyarkov et al. 2020, 2021; Suwannapoom
etal 2018, 2020, 2021, 2022) inhabiting Southeast Asia. Furthermore, the new species is also separated
from its congeners by a significant divergence in cyt b gene sequences (with p = 4.1-14.0%), which
is slightly higher than the genetic distances between many other recognized species of the subgenus
Trimeresurus (Table 2). Therefore, the molecular and morphological evidence presented here confirm
the status of Trimeresurus kraensis sp. nov. as a previously undescribed new species of pitvipers which
warrants taxonomic recognition.

The Beautiful pitviper Trimeresurus venustus was described from southern Thailand in 1991. Subsequently,
for a long time its relationships with the Kanburi pitviper 7. kanburiensis remained controversial because
very few specimens of 7. kanburiensis were known at the time of its description (Vogel 1991). However,
based on molecular and morphological evidence, Malhotra & Thorpe (2004b) and David et al. (2004)
recognized 7. venustus as a valid species, and formerly reported this species to be distributed in Southern
Thailand and the Langkawi Island in northern West Malaysia (see Zimmerer 2004; Grismer ef al. 2006;
Chan-ard et al. 2015; Poyarkov et al. 2023). In the recent study of the 7. venustus complex by Idiiatullina
etal. (2023), anew species 1. ciliaris was described from Trang and Satun provinces in southwestern part
of Thailand, and from Perlis State of northern Peninsular Malaysia. At the same time, this work along with
Sumontha et al. (2021) also underlined the need to study populations of 7. cf. venustus from Chumphon
Province, Thailand, which we herein describe as Trimeresurus kraensis sp. nov. The taxonomic status of
the population of 7. cf. venustus from Langkawi Island, Kedah State, West Malaysia, originally reported
by Grismer et al. (2006), still remains controversial. In colouration, this population appears to be different
from all presently recognized members of the 7. kanburiensis species complex (see Fig. 5D). Therefore,
based on the results of Vogel (1991), Malhotra & Thorpe (2004b), David et al. (2004), Idiiatullina et al.
(2023), and our data, herein we propose to restrict the distribution of 7. venustus, as now defined, to the
central part of southern peninsular Thailand, in the provinces of Surat Thani, Phang-Nga, Trang, Nakhon
Si Thammarat, Surat Thani, and Krabi. Meanwhile, the status of the insular population of T cf. venustus
from Pulau Langkawi, Malaysia, remains unclear and will be addressed elsewhere.
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Trimeresurus kraensis sp. nov. is to date reliably recorded only from two small limestone caves in
Chumphon Province, Thailand. This is a highly secretive snake which appears to be a strict forest-dweller,
associated with limestone karst forests. Unfortunately, karst formations of Southeast Asia are being
destroyed at an unprecedented rate by limestone quarrying, which constitutes the primary threat (see
Grismer et al. 2021; Suwannapoom et al. 2018). These quarrying activities heavily affect the lowland
evergreen or semi-evergreen tropical forests growing at the foot of karst formations. Given the available
information, we suggest Trimeresurus kraensis sp. nov. to be considered Near Threatened (NT), following
the [IUCN’s Red List categories (IUCN Standards and Petitions Committee 2019).

The description of Trimeresurus kraensis sp. nov. makes Thailand the country with the richest diversity
of species of Trimeresurus in the world, with 17 species currently recorded, namely: 7. albolabris,
T. cardamomensis, T. gumprechti David, Vogel, Pauwels & Vidal, 2002, 7. guoi, T. hageni (Lidth De
Jeude, 1886), T. kanburiensis, T. kraensis sp. nov., T. kuiburi, T. macrops, T. cf. nebularis Vogel, David &
Pauwels, 2004, T phuketensis Sumontha, Kunya, Pauwels, Nitikul & Punnadee, 2011, 7. cf. popeiorum
Smith, 1937, T. purpureomaculatus, T. sabahi Regenass & Kramer, 1981, T sumatranus (Raffles, 1822),
T venustus, and T. vogeli David, Vidal & Pauwels, 2001 (Poyarkov et al. 2023; this study). Despite the recent
significant progress, our knowledge on molecular phylogeny, classification, distribution, and toxicology
of pitvipers of the genus 7rimeresurus in Thailand as well as Asia, is still far from being complete.
Therefore, we call for more research, especially for integrative studies of taxonomically controversial
species groups in Thailand, such as the members of the 7. albolabris, T. macrops, T. purpureomaculatus,
and 7. popeiorum-sabahi species complexes. Further multilocus studies are also required to achieve a
better phylogenetic resolution of evolutionary relationships within the 7. kanburiensis and T. macrops
complexes of the genus Trimeresurus, this would likely yield a better understanding of shifts between
different morphotypes and habitat preferences during the evolution of this radiation of pitvipers. Finally,
the medical importance of Trimeresurus pitvipers further underscores the need for future studies on the
diversity and evolutionary relationships of this genus of snakes.
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