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ABSTRACT

In thisfirst paper of aseries of three, the taxonomy of the Asian pitvipers of the genus Tropidolaemus is re-evaluated on
the basis of morphological analyses. Variation in morphological characters was investigated on the basis of specimens
from the whole range of the pitviper currently known as Tropidolaemus wagleri (Boie, 1827). Our results, based on mor-
phological univariate and multivariate analyses, define three clusters of populations that are morphologically diagnos-
able and which are here considered to represent distinct species following the Biological Species Concept and the
Phylogenetic Species Concept. After a review of available names among the list of synonyms created during the con-
fused taxonomical history of the genus Tropidolaemus, it appears that Tropidolaemus wagleri (Boie, 1827) is the valid
name of the first cluster which includes populations inhabiting Southern Thailand, West Malaysia, Sumatra, Nias, Men-
tawel Archipelago and Bangka Island (but not Belitung). In order to stabilize the binomen, we select and describe a neo-
type for Tropidolaemus wagleri. A second cluster, for which the binomen Tropidolaemus subannulatus (Gray, 1842) is
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available, includesin this preliminary step populations from Borneo, Sulawesi, Sulu Archipelago and the Philippines. Its
detailed taxonomy will be addressed in the second paper of the series. Lastly, the third cluster includes specimens from
Mindanao Island, Philippines, recognized here as Tropidolaemus philippensis (Gray, 1842).

KEY WORDS: Indonesia, Thailand, West Malaysia, Sumatra, Borneo, Sulawesi, Philippines, Serpentes, Viperidae,
Tropidolaemus, Tropidolaemus wagleri, Tropidolaemus subannulatus, Tropidolaemus philippensis, Tropidolaemus
laticinctus, Tropidolaemus huttoni, taxonomy, neotype

INTRODUCTION

Among pitvipers of tropical Asia, members of the genus Tropidolaemus Wagler, 1830 are anong the most
widespread and often commonly encountered venomous snakes in many islands of the Indo-Malayan Archi-
pelago. Long regarded as a synonym or a subgenus of Trimeresurus (see, for example, Brattstrom, 1964), the
genus Tropidolaemus was resurrected by Burger (1971) to then accommodate the sole species formerly called
Trimeresurus wagleri. The validity of the genus is accepted by al recent authors. This genusis characterized
by the absence of a nasal pore, upper surfaces of the snout and head covered with distinctly keeled small
scales, strongly keeled gular scales, second supralabial not bordering the anterior margin of the loreal pit and
topped by a prefoveal, and a green coloration in juveniles which may or may not change with growth. For
long, Tropidolaemus wagleri was the sole species included in the monotypic genus, but David & Vogel (1998)
showed that the Indian species Trimeresurus huttoni Smith, 1949 was clearly a member of this genus.

In thisfirst paper of aseries of three, we address the rather confused nomenclatural history and taxonomy
of Tropidolaemus wagleri (Boie, 1827) sensu auctorum (see, for example, David & Ineich, 1999; McDiarmid
et al., 1999; Gumprecht et al., 2004). Members of this species complex are widespread throughout the Indo-
Malayan part of Asia, with an isolated population in Southern Vietnam. Besides this latter country, it is dis-
tributed from southern Thailand to the Philippines and Sulawesi I1dand, including West Malaysia, and the
isands of Sumatra, Borneo, Bangka, Nias, the Mentawai Archipelago, and Belitung. Although acommon and
conspicuous, very variable species, few authors tried to investigate its taxonomy, most probably following
Boulenger (1896) who synonymised the various hames under the sole specific name Lachesis wagleri. Never-
theless, Taylor (1917, 1922) examined Philippine populations and recognized three subspecies, of which two
were considered endemic to the Philippine islands, Tropidolaemus wagleri alboviridis (Taylor, 1917) and T.
wagleri subannulatus (Gray, 1842). This position was not accepted by Leviton (1964), who investigated the
taxonomy of the Philippine populations and considered again Tropidolaemus wagleri to be monotypic. How-
ever, Leviton added: “ The exact status of the nominal species and subspecies | have placed into the synonymy
of T. wagleri cannot be settled until the type specimens and additional material from scattered localities can be
examined.”

The monotypic status of Tropidolaemus wagleri was accepted by subsequent authors (Harding & Welch,
1980; Hoge & Romano-Hoge, 1981; Alcala, 1986; Welch, 1988; Golay et al., 1993; David & Vogel, 1996,
Manthey & Grossmann, 1997; McDiarmid et al., 1999), although some noted that the taxonomy of the species
was unsatisfactory (David & Ineich, 1999). David & Vogel (1998) discussed the taxon described as Trimesu-
rus philippensis Gray, 1842, regarded as valid by Taylor (1922) and Maslin (1942) as Trimeresur us philippin-
ensis, but placed in the synonymy of Tropidolaemus wagleri by Leviton (1964), who, however, seemingly did
not examine its holotype. David & Vogel (1998) examined two specimens, namely the holotypes of Trim-
eresurus philippensis Gray, 1842 and Tropidolaemus hombronii Jacquinot & Guichenot, 1848, clearly a syn-
onym of the former one. David & Vogd (1998) and David & Ineich (1999) noted that both specimens
displayed notable morphological differences (scalation of head and body and col oration) with Tropidolaemus
wagleri.
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Nevertheless, the taxonomy of Tropidolaemus wagleri had yet to be investigated, in spite of obvious posi-
tive relationships between colour morphs and geographical ranges. Iskandar & Colijn (2001: 160-161) intro-
duced a new taxonomy based only on verbal communications with U. Kuch & N. Vidal. Without further
explanation, they divided Tropidolaemus wagleri auctorum into five subspecies. Tropidolaemus w. wagleri
Wagler, 1830 (Thailand, Peninsular Malaysia, Sumatra, Nias, Mentawel Islands, Riau Islands Bangka and
Belitung), T. w. alboviridis (Philippines: Negros Island), T. w. celebensis (Sulawesi, Buton and Sangihe
Islands), T. w. philippensis (Philippine Islands: Sibutu, Basilan, Jolo, Leyte, Samar, Dinagat, Luzon and Min-
danao) and T. w. schlegelii Bleeker, 1857 (Borneo, Natuna and Karinata I slands, and the Philippine islands of
Palawan and Balabac). This taxonomy was adopted by Aulya (2006). However, it clearly resulted from very
early and partial results and was not based on any serious analysis of morphological variation.

During the frame of our investigations on Asian pitvipers, we undertook a thorough analysis of morpho-
logical variation of the “wagleri complex”. First, preliminary results were mentioned in Vogel (2006), who
accepted three full species, T. wagleri, T. subannulatus (Gray, 1842) and T. philippensis. Within T. subannula-
tus, Vogd (2006) differentiated four populations. Lastly, Kuch et al. (2007) briefly described as Tropidolae-
mus laticinctus one of these populations from Sulawes island (already identified in Vogel [2006] as
“celebensis morph 2"), but merely copied the taxa boundaries suggested by Vogel (2006) and failed to men-
tion some major differences between the taxa that they “recognized” in their paper.

In thisfirst paper, we firstly address the nomenclatural history and ascertain the validity of specific names
proposed since Boie (1827). We redefine the general taxonomy of Tropidolaemus wagleri sensu lato, based
only on morphological characters. In order to stabilize the binomen, we select and describe a neotype for
Tropidolaemus wagleri. We will not discuss furthermore the validity of Tropidolaemus huttoni, although
information then not available to David & Vogel (1998), such as a bright red snout in both living specimens,
reinforces the distinct specific status of this taxon (Hutton & David, in prep.). This paper is afirst stepin a
general revision of the genus Tropidolaemus.

MATERIAL AND METHODS

The present paper is based on 107 preserved specimens examined by us from the entire range of Tropidolae-
mus wagleri sensu lato. We could not examine specimens of the taxon subsequently described as Tropidolae-
mus laticinctus, as specimens deposited in major collections were on loan for several years. We also
considered specimens depicted in the literature, and many specimens of the complex alive at the time of writ-
ing this paper. Preserved specimens examined are listed under each relevant taxon. Living specimens used for
this paper will be deposited in the collections of the MNHN and ZFMK upon their death.

Selection of morphological characters—We retained standard morphological characters previously used
by David & Voge (1998), Vogel et a. (2004) and David et al. (2006), including morphometrical characters
adapted from How et al. (1996). A total of 98 morphological characters or values were recorded for each spec-
imen, but only 52 morphometrical and meristic characters were retained in our analyses, either standing on
their own or derived from the raw characters. Others proved to be of no value for this group of pitvipers. Char-
acters retained for this study are listed in Table 1. Not all variables listed in this table proved to be useful to
separate at least one population of the Tropidolaemus wagleri complex from the others, but all were investi-
gated and used in combinations of characters and/or were used in univariate and multivariate analyses. Special
attention was given to the ontogenetic and sexually related variation in coloration and pattern of the head and
body. Obviously some populations do have several colour phases during their live span. The colour of the
eyesis not adiagnostic character in thisfirst analysis.

Measurements, except body and tail lengths, were taken with a slide-caliper to the nearest 0.1 mm; all
measures on body were taken to the nearest millimetre. Ventral scales were counted according to Dowling
(1951). The terminal scute is excluded from the number of subcaudals. The numbers of dorsal scale rows are
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given at one head length behind head, at midbody (i.e. at the level of the ventral plate corresponding to half of
the total number of ventrals) and at one head length before vent respectively. Values for symmetric head char-
actersaregiven in left / right order. The real coloration of body and eyes were observed only on living animals
or very freshly preserved specimens.

TABLE 1. List of morphological characters and variables used in this study and their abbreviations.

Number Abbreviation Character
Mor phometry
1 SVL Snout-vent length
2 TalL Tail length
3 TL Total length
4 HL Head length
5 SnL Snout length (from the tip of rostral to aline connecting the anterior eye
margins)
6 ED Eye diameter (vertical)
7 DEL Distance lower eye margin—edge of thelip
8 D E-nostril Distance between the anterior eye margin and the nostril
9 D E-pit Distance between the anterior eye margin and the loreal pit
10 W-In Width of internasals (means)
11 L-SpOc Length of supraoculars
12 W-SpOc Width of supraoculars
13 L-3SL Length of 3" supralabial
14 H-3SL Height of 3" supralabial
15 H-4SL Height of 4" supralabial
16 TalL/TL Ratio tail length/Total length
17 SnL/HL Ratio snout length/head length
18 HL/SVL Ratio head length / snout-vent length
19 D E-pit/HL Ratio distance eye—pit/head length
20 D E-nostril/HL Ratio distance eye—nostril/head length
21 D E-pit/D E-nostril  Ratio distance eye—pit/distance eye—nostril
22 SnL/ED Ratio snout length / eye diameter
23 W-In/W-SpOc Ratio width of internasal s/'width of supraoculars
24 L-3SL/HL Ratio length of 3" supralabial/head length
25 L-3SL/H-3SL Ratio length of 3rd supralabial / height of 3rd supralabial
26 H-4SL/H-3SL Ratio height of 4th supralabial / heigth of 3rd supralabial
27 ED/DEL Ratio: vertical eye diameter/distance eye margin—edge of thelip
28 L-SpOc/W-SpOc  Ratio of the length of supraocular/width of the supraoculars
Scalation
29 ASR Dorsal scale rows at neck
30 DSR Dorsal scale rows at midbody
...... continued
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TABLE 1 (continued)

Number Abbreviation Character

31 MSR Dorsal scale rows at midbody

32 VEN Ventral plates

33 SC Subcaudal plates

34 SL Supralabial scales

35 HeSc Head scales (scales on alongitudinal row between the internasals and the
limit of the neck)

36 SnSc Snout scales (scales on aline between the internasals and a line connect-
ing the anterior margin of eye)

37 NIi Number of linguals (scales between IL and preventrals, on one side)

38 Cep Cephalic scales (scales on aline between the middle of supraoculars)

39 K-Tem Keeling of temporal scales

40 IL Infralabias

41 KSR Keeling of dorsal scale rows at midbody

42 C3SL/SsubOc Number of scales between 3rd SL and subocular

43 C4SL/SubOc Number of scales between 4th SL and subocular

44 C45SL/SubOc Number of scales between 4th and 5th SL and subocular

45 K-Occ Keeling of the occipital scales

46 IN-sep Number of scale(s) between the internasals

47 SC/SpOc Number of scales directly in contact with supraocular

48 N-SupOC Number of supraoculars

Pattern

49 Body colour Body colour

50 Dor-bands Colour of dorsal bands

51 COLPOCcStr Colour of postocular streak

52 Col Venter Colour of the belly

Selection of analytical units. —According to the morphology of specimens and their origin and following
the method adopted by Wuster & Thorpe (1992), we divided the genera distribution of Tropidolaemus
wagleri sensu lato into 9 OTUs (Operational taxonomic units), based both on geographical distribution and a
preliminary analysis of their coloration and pattern in adult specimens. A preliminary investigation showed
morphological homogeneity between members of some of these populations, but constant differences with
others. These OTUs are defined as follows: OTU 1 (6 &, 21 ?): Sumatra Island. - OTU 2 (1 &, 5 ?): West-
Malaysia and Singapore. — OTU 3 (4 2): southern Thailand. — OTU 4 (1 2): Belitung Island. — OTU 5 (9 o,
15 ?): Borneo Island, from both West Malaysia and Indonesia. — OTU 6 (2 &, 8 ?): Sulawesi and adjacent
idands. —OTU 7 (3 &, 22 ¢): Philippines, all islands including Palawan. —OTU 8 (1 &): Natuna Island. —
OTU 9 (4 &, 1 ?): Philippines (Mindanao Island; for conspicuously, distinctly patterned, blotched speci-
mens).

Analyses of morphological data. —Data were analysed in using both univariate and multivariate analy-
ses. All ratios involving measures of any part of head were considered only in adult specimens in order to
cope with ontogenetic variation. On the basis of mean values of TL observed in our sample, we arbitrarily
fixed as 300 mm in males and 400 mm in females (TL) the lower size limit to regard examined specimens as
adult.

REVISION OF THE TROPIDOLAEMUS WAGLERI-COMPLEX. |. Zootaxa 1644 © 2007 Magnolia Press - 5



Abbreviations are: n: number of specimens. —x: mean value. — s standard deviation. — P: probability of
occurrence of avalue as extreme as or more extreme than the observed value. —

Multivariate analyses—A multivariate ANCOVA (Maxwell & Delaney, 1990; Norusis & SPSS, 1993)
was performed to select those quantitative characters that showed significant overall differences between the
OTU’s. OTU and sex were included as factors and SVL was included as covariate. The relevance of the qual-
itative characters was determined by means of Chi-sguare. Subsequent multivariate analyses were restricted to
the selected characters.

Growth-stage related characters were adjusted to a common SVL (e.g. Thorpe, 1975, 1983; Turan, 1999)
to correct for potential ontogenetic variation between the various samples. Whether a character was related to
growth-stage was determined by establishing the correlation with SVL. The following allometric equation
was applied: X, = X - B(SVL - SVL,,) where X ; is the adjusted value of the morphometric variable; X is
the original value; SVL isthe snout-vent length; SVL, ., isthe overall mean snout-vent length; B is the coeffi-
cient of the linear regression of X against SVL. The adequacy of the procedure was assessed by testing the
significance of the correlation between the adjusted variables and SVL (e.g. Turan, 1999).

A linear PCA (e.g. Cramer, 2003) was carried out to check the homogeneity of the initial OTU’s (e.g.
Wister & Thorpe, 1992; Turan, 1999; Wster et al., 2001). Only quantitative morphologica characters were
included.

Following validation of the initial OTU’s, discriminant analyses were performed. Nonlinear discriminant
analysis was used to analyse quantitative and qualitative characters simultaneously. This technique uses opti-
mal scaling (e.g. De Geer, 1988; Shen and Lai, 1998) to quantify the categories of qualitative characters.
Thus, characters pertaining to coloration and degree of keeling of the dorsal scales were included. Nonlinear
discriminant analysis was carried out with OVERALS (e.g. Meulman et al., 1999; Michailidis & De Leeuw,
1998). Quadlitative variables regarding degree of keeling of the dorsal scales were specified as ordinal vari-
ables, qualitative variables regarding coloration were specified as single nominal variables and quantitative
variables regarding various aspects of morphology were specified as numeric. Linear discriminant analysis
(e.g. Cramer, 2003) was used to analyse quantitative characters, which pertained solely to morphology. Both
nonlinear and linear discriminant analyses were primarily used as exploratory tools by plotting the resulting
object scores to visualize the separation between the OTU’s. However, linear discriminant analysis is capable
of establishing multivariate significance-levels and was thus also used for this purpose.

All statistical analyses were carried out with the software SPSS (2003; SPSS for Windows. Release
11.5.2.1. Standard Version. SPSS Inc., Chicago).

Museum abbreviations. —BMNH: The Natural History Museum, London, UK. —CAS: California

Academy of Sciences, San Francisco, USA. —FMNH: Field Museum of Natural History, Chicago, USA. —
MHLCLFE: Muséum d'Histoire Naturelle Henri Lecog, Clermont-Ferrand, France. - MNHN: Muséum
national d Histoire naturelle, Paris, France.—RMNH: Nationaal Natuurhistorisch Museum (Naturalis),
Leiden, The Netherlands. —ZIH: Zoologisches Institut der Universitét Heidelberg, Heidelberg, Germany. —
ZMA: Zoological Museum, University of Amsterdam, Amsterdam, the Netherlands. —ZMH: Zoologisches
Institut und Museum, Universitét Hamburg, Hamburg, Germany.

HISTORICAL ANALYSIS

As a prelude to any revision, we consider that the nomenclatural evaluation and definition of all specific
names which appeared in the literature is mandatory. Tropidolaemus wagleri (Boie, 1827) was one of the first
described Asian pitvipers, so it is understandabl e that such awide ranging and morphologically variable com-
plex of populations incited ancient authors to name a good number of “new” taxa. Others, such as Boulenger,
went into the rightly opposed direction in regarding these new taxa as synonyms. The problem is further intri-

6 - Zootaxa 1644 © 2007 Magnolia Press VOGEL ET AL.



cate by the fact that many taxa were named well before the establishment of rulesin zoological taxonomy. The
best example is given by the name-bearing types of Tropidolaemus wagleri itself, which are discussed below.

All names of specific level related to Tropidolaemus wagleri sensu lato (but excluding Tropidolaemus huttoni)
are discussed in chronological order. Only synonyms are considered, not chresonyms.

“Trigonocephalus wagleri” Schlegel, 1826
Trigonocephalus wagleri Schlegel, 1826: 239.—Type locality. None mentioned.

Comments. Schlegel credited the specific nomen to H. Boie, most probably on the basis of the unpublished
manuscript of this latter author “Erpétologie de Java’.

Status. A nomen nudum, as Schlegel cited the specific nomen in the list of species of the genus Trigonoceph-
alus and did not provide any description.

“Cophiaswagleri” Schlegel, 1827
Trigonocephalus wagleri Schlegel, 1827: col. 293. —Type locality. None mentioned.

Comments. Schlegel again credited the specific nomen to H. Boie.
Satus. A nomen nudum, as Schlegel cited the specific nomen in the list of species of the genus Cophias and
did not provide any description.

Cophiaswagleri Boie, 1827

Cophias wagleri Boie, 1827: col. 561. —Type locdity. Not given. —Types. Two secondary syntypes, both unlocated,
can be inferred from the original text, see below.

Comments. F. Boie, who published the notes of his |ate brother H. Boie, did not provide any description, but
based this taxon upon three sources:

(1) “H. Boie Erp. de Java”. Here F. Boie (1827) referred to the unpublished manuscript of his brother H. Boie
(Boie, n.d.). This manuscript does not constitute a publication in the meaning of the International Code of
Zoological Nomenclature (ICZN, 1999). Nevertheless, at least two specimens were described in this
manuscript (Boie, n.d.). They were described as: “a bright green postorbital streak, body and tail above
with black and yellow, black-edged, parallel crossbars, below yellowish-green, sides dotted with green.”
Although their locality was not indicated by Boie, by all evidence they belong to the western populations
(defined above as OTU 1 to OTU 3). This pattern of yellow crossbars separated by dark green of black
crossbars with light green or yellow dots is known only in adult females from Thailand, West Malaysia
and Sumatra (and adjacent islands). Asthese specimens appeared in an invalid publication, we do not con-
sider them syntypes.

(2) “Col. sumatranus Raffles’. For some reason, Boie confused his Cophias wagleri with Coluber sumatranus
Raffles, 1822, a totally different taxon, still valid and now known as Trimeresurus sumatranus or Parias
sumatranus depending on authors' classification of Asian pitvipers (see, for example Mahotra & Thorpe,
2004; Vogel, 2006). Such confusion between these two species occurred as late as Ouwens (1916: Figs. 22
& 224), as explained in David (2007). Raffles (1822) based his description on a single specimen, which
also becomes a secondary syntype of Tropidolaemus wagleri (see Dubois & Ohler, 1996).

(3) “Seba T. Il tab. 68 fig. 4”. Boie here referred to a specimen depicted on a plate of Seba (1735: Pl. 68).
Although the drawing is rather fair, the depicted snake is indeed either a juvenile or amale of Tropidolae-
mus wagleri sensu lato, and definitely not a Coluber sumatranus Raffles, 1822. His banded pattern sug-
gests a juvenile member of the genus Tropidolaemus, although it is unclear whether it belongs to the
western populations of T. wagleri. This specimen is regarded as the second syntype of Cophias wagleri
Boie, 1827.
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As a consequence, we here designate the specimen depicted in Seba (1735: Fig. 68), the sole correctly
identified valid syntype of Cophias wagleri, as the lectotype of Cophias wagleri Boie, 1827. This speci-
men being now untraced, we describe below a neotype of Cophiaswagleri Boie, 1827.

Status. A valid taxon, as Tropidolaemus wagleri. Indeed, although Boie (1827) did not provide any descrip-
tion, the binomen Cophias wagleri Boie, 1827 is valid on the basis of Art. 12.1 and 12.2 of the Code,
which allow a description by “indication” for names published before 1931. Art. 12.2.1 states that a bib-
liographic reference to a previously published description or definition (...) constitutes such an indication.
Boie's (1827) description should hence considered valid. As pointed in McDiarmid et a. (1999), thisis
due only to the existence of the indication referring to Seba's plate. This fact was overlooked by David &
Vogel (1996) who erroneously credited the first valid description to Wagler (1830), also on the basis of an
indication. Wagler gave a short description of the genus that included the single species Cophias wagleri
H. Boie, 1827. Of course, all these authors who credited the authorship of the taxon to Schlegel (1837)
(for example Hoge & Romano Hoge, 1981; Golay et al., 1993) or to Boie in Schlegel (1837) (Leviton,
1964), also overlooked the validity of Cophiaswagleri Boie, 1827.

Description of Neotype. Schlegel (1837: 542) had at hand two adult and six juvenile specimens, all from
Sumatra. Possibly the adults were those seen by Boie and described in his unpublished manuscript. Golay
et a. (1993) stated that six (or seven) specimens deposited in the RMNH (Leyden) were syntypes of Trig-
onocephalus wagleri Schlegel, 1837. This combination is merely a chresonym of Cophias wagleri Boie,
1827, so these specimens are by no means syntypes of Cophias wagleri. Furthermore, the two adults
described in Boie's manuscript cannot be regarded as syntypes, as the source in which they were cited
does not constitute a publication in the sense of the Code. Lastly, the citation of specimens from Sumatra
by Schlegel (1837) cannot be regarded as a type locality restriction, in contrast to the opinion of some
authors (see, for example, Orlov et al., 2002).

The sole valid syntype is the specimen depicted on Seba's plate. As the whereabouts of this specimen are
unknown, in order to stabilize the specific nomen wagleri and in agreement with Dubois & Ohler (1996),
we here design a neotype for Cophiaswagleri Boie, 1827. As, by al available evidence, (1) possibly Seba
(1735) but definitely Boie (n.d.) had at hand specimens from the western populations, and (2) the subspe-
cific nomen wagleri has ever been attached to western populations, for purpose of stability, we select and
describe a neotype from the western populations, as follows:

Neotype (Figs. 4-7): MNHN 1879.0708 (ex MNHN 5784), an adult female from “Deli: riviére de Bedag-
neh (Est de Sumatra)”, now Bedagai River (about 3°30'N, 99°13'E), Sumatera Barat Province, Sumatra,
Indonesia. Collected by Mr. Rochet.

Body moderately stout, laterally compressed; head distinctly triangular, wide at its base, clearly distinct
from the neck (at least twice as broad as the neck), thick when seen from the side, average, 1.2 times as
long as wide and amounting for 6.5 % of SVL; snout obliquely truncated when seen from the side, with a
distinct canthus rostralis, rounded seen from above, rather long, amounting for 25.6 % of HL or 2.3 times
aslong as diameter of eye; nostrils small, piercing in the middle of the nasal; eye small, amounting for 0.7
time of the distance eyeip; tail average, tapering and strongly prehensile.

SVL: 591 mm; Tal: 112 mm; TL: 703 mm; HL: 38.7 mm; ratio TaL/TL: 0.159.

VEN: 137 (+ 2 preventrals); SC: 51, paired, plus oneterminal scale; anal shield entire.

DSR: 27 — 25 — 21 scales, rhomboid, strongly keeled.

Rostral visible from above, about 1.2 times broader than high, triangular; nasals subrectangular, entire; no
nasal pore; 1 internasal on each side, elongated, narrow, slightly bent, 2 times as long as wide; internasals
in contact; 5/ 5 canthal scales, not larger than adjacent snout scales, bordering the canthus rostralis; 1
elongate triangular loreal scale between upper preocular and the nasal; 2 elongate upper preoculars above
the loreal pit; lower preocular forming the lower margin of loreal pit; 2/ 2 small postoculars; 1 small, nar-
row, flat supraocular on each side, 2.7 times as long as wide on both sides, 0.5 time as wide as the interna-
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sals, irregularly bordered on their inner margins by the upper head scales; 7 dlightly enlarged scales on
upper snout surface on a line between the scales separating the internasals and a line connecting the ante-
rior margins of eyes, strongly keeled, imbricate, rhomboid; 14 cephalic scales on a line between the
supraoculars, small, strongly keeled, flat and imbricate; occipital scales not larger than cephalic scales,
strongly keeled; temporal scales small, irregular in size, in 3 rows, all strongly kedled; 2 / 1 small, thin,
elongated, suboculars; 10/ 10 SL; 1% SL rather short, entirely separated from nasal; 2™ SL short, not bor-
dering the anterior margin of the loreal pit, topped by a prefoveal scale which borders the pit and is sepa-
rated from the nasal by 4 / 4 minute scales; 3“ SL longest and highest, 1.5 / 1.6 times as long as high,
separated from the subocular by 1/ 1 small scale; 4" SL 1.0/ 0.9 times aslong as high, 0.7 time as high as
3" SL, separated from the subocular by 2 scales on each side; 5™ SL smaller than 4" one, separated from
subocular by 2 scale rows of similar size; 13/ 12 IL, showing some kedling; scales of the 1% pair longitu-
dinally in contact, first 3 or 4 pairsin contact with anterior chin shields; 8/ 8 rows of strongly keeled gular
scales.

In preservative, this specimen shows the typical complex “speckled” coloration of females of the western
population. Body deep black, with 26 irregular bright yellow crossbars, on the body 2 or 3 scale wide, sep-
arated by 5-7 scales; many scales of black areas with a yellow or yellowish green centre, this colour
becoming broader and more green on the lower side of the sides; tail also deep black, irregularly marked
with very irregular bright yellow blotches, the first ones forming incomplete crossbands, the others
reduced to elongated blotches; tip of tail black.

The dorsal head surface is deep black with small irregular yellow blotches; awide, bright yellow postocu-
lar streak, narrowly edged below with white, extending from eye to behind the corner of the mouth in wid-
ening posteriorly; lower half of rostral and supralabials ochre yellow, narrowly edged with black; area
between the posterior supralabials and the postocular streak deep black, the lower half of this area speck-
led with pale yellowish green, the upper part more or less entirely black, producing a distinct black stripe
bordering below the postocular streak.

Venter yellow, the posterior edge of ventrals black; chin and throat yellow, the infralabials narrowly edged
with black; some greenish-yellow, black edged blotches on the chin near the posterior infralabials.

Trimesurus maculatus Gray, 1842

Trimesurus maculatus Gray, 1842: 48. —Type locality. “Singapore”. - Syntypes. Not indicated. Lectotype (implicitly
designated by Boulenger, 1896: 563): BMNH 1946.1.17.69, from “ Singapore”. Coll. by General Hardwicke.

Gray recognized a“Var. 1", unnamed but stated as inhabiting the Philippine Islands. Such specimens mentioned as vari-
ety are not regarded as syntypes according to the Code.

Comments. The description of Gray is confusing. This author indeed described this new species from speci-
men(s) from Singapore, but also recognized a“Variety 1" inhabiting the Philippine Idands. This variety
has no specific name, and has hence no nomenclatural status. Trimesurus maculatus Gray, 1842 was syn-
onymised with Trimeresurus wagleri by Glnther (1864: 388).

Status. A subjective synonym of Tropidolaemus wagleri (Boie, 1827).

Trimesurus subannulatus Gray, 1842

Trimesurus subannulatus Gray, 1842: 48. —Type locality. “The Philippines’. - Syntypes. BMNH 1946.1.19.32-33
(female and young). Coll. by H. Cuming.

Comments. Trimesurus subannulatus Gray, 1842 was synonymised with Trimeresurus wagleri by Ginther
(1864 388). It is however the oldest available name for populations of the Philippines and conspecific
populations.

Status. A valid name; recognized here as Tropidolaemus subannulatus, the valid specific name of Philippine
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populations (at the possible exception of Negros, and excluding those referred to Tropidolaemus philip-
pensis) and populations of Borneo, Sulawesi and adjacent islands (excepted the form referred to Tropidol-
aemus laticinctus Kuch, Gumprecht & Melaun, 2007) if these latter ones proved to be conspecific with
Philippine populations. The specific taxon subannulatus is the oldest available name for the orienta clade
of the Tropidolaemus wagleri complex.

Trimesurus philippensis Gray, 1842

Trimesurus philippensis Gray, 1842: 48. —Type locality. “ The Philippines’. —Syntypes. BMNH 1946.1.17.67 (female).
Coall. by H. Cuming.

Comments. Trimeresurus philippensis (Gray, 1842) was synonymised with Lachesis wagleri by Boulenger
(1896: 562). It was regarded as valid by Taylor (1922), Madin (1942) as Trimeresurus philippinensis and
David & Ineich (1999), but placed in the synonymy of Tropidolaemus wagleri by Leviton (1964). It is
here regarded as a valid species.

Peters (1861: 691) cited this species as Tropidolaemus philippinensis Gray, an unjustified emendation.

Status. Recognized here as adistinct, valid species, Tropidolaemus philippensis.

Tropidolaemus hombronii Jacquinot & Guichenot, 1848

Tropidolaemus hombronii Jacquinot & Guichenot, 1848: Pl. 2 (Reptiles Ophidiens): Fig. 2; Text (dated 1853): 23. —
Type locality. “Samboangan, fle Mindanao (archipel des Philippines)”, now Zamboanga, Mindanao Island,
Philippines. —Holotype. MNHN 4064.

Comments. Plate 2 of the section “Reptiles Ophidiens’ is dated of 1848, whereas the volume of the text did
not appear before 1853. This taxon was synonymised with Lachesis wagleri by Boulenger (1896: 562).
Status. A subjective synonym of Tropidolaemus philippensis (Gray, 1842).

Trigonocephalus wagleri var. celebensis Gray, 1849

Trigonocephalus wagleri, var. celebensis Gray, 1849: 9. Name appearing in the synonymy of Trimesurus subannulatus
Gray, 1842, as a name provided or written on a label by the Leyden Museum. —Type locality. “Celebes’, now
Sulawesi. —Holotype. BMNH 49.3.2.38 (female).

Comments. Gray (1849) cited this taxon in the list of available material of Trimesurus subannulatus Gray,
1842, stating that the relevant specimen or name, or both originating from the Leyden Museum. Was this
binomen regarded by Gray as a valid subspecies or a synonym of Trimeresurus subannulatus? Both inter-
pretations are possible, but the sole fact that Gray (1849) cited this taxon under the genus Trigonoceph-
alus, and not under the genus Trimesurus, makes clear that Gray merely copied the name as received from
Leyden and regarded it at once as a synonym of Trimesurus subannulatus.

The combination Trigonocephalus wagleri, var. celebensis was mentioned for specimen “d.”, as the name
attached to this specimen that was sent to the collections of the British Museum of Natural History by the
Museum of Leyden. Whether the binomen was written on the label or on any other document is unclear to
us. The catalogue of the BMNH includes only one specimen from Sulawesi donated by the Leyden
Museum, which should be the specimen cited by Gray (1849).

According to Art. 11.6.1 of the Code, a name described as a junior synonym should be considered to be
availableif it was subsequently but before 1961 treated as an avail able name and adopted as the name of a
taxon. Thiswasthe casein, at least, Peters (1872b: 584), who cited Tropidolaemus subannulatus Gray var.
celebensis and thus made the name available.

Status. Taxon here regarded as a subjective synonym of Tropidolaemus subannulatus (Gray, 1842), but avail-
able, as Tropidolaemus (subannulatus) celebensis, for populations inhabiting Sulawes which would prove
to be distinct from both Tropidolaemus subannulatus and Tropidolaemus laticinctus.

10 - Zootaxa 1644 © 2007 Magnolia Press VOGEL ET AL.



“Trigonocephalus wagleri var. sumatrenis Gray, 1849”

Trigonocephalus wagleri, var. Sumatrenis Gray, 1849: 9. Name appearing in the synonymy of Trimesurus subannulatus
Gray, 1842, as aname provided or written on alabel by the Leyden Museum. —Type locality. Sumatra. —Holotype.
BMNH 1.2.6.e (femae).

Comments. As for Trigonocephalus wagleri, var. celebensis, Gray (1849) cited this taxon in the list of avail-
able material of Trimesurus subannulatus Gray, 1842. It thus should also be considered a synonym of Tri-
mesurus subannulatus.

Gray used the spelling “sumatrenis’, and not sumatrensis as cited by McDiarmid et a. (1999).

The combination Trigonocephalus wagleri, var. Sumatrenis was mentioned for specimen “e.”. The cata-
logue of the BMNH includes only one specimen from Sumatra donated by the Leyden Museum, which
should be the specimen cited by Gray (1849).

However, we could not locate any instance in which this combination was regarded as valid before 1961.
Therefore, according to Art. 11.6.1 of the Code, this name, although resulting from a valid description,
was not made available. According to Dubois (2000), it is here considered to be an anoplonym.

Status. An unavailable name; subjective synonym of Tropidolaemus wagleri (Boie, 1827).

“Tropidolaemus schlegelii Bleeker, 1857”

Tropidolaemus schlegelii Bleeker, 1857: 6. No description. —Type locality. “ Sinkawang”, now Singkawang, Kalimantan
Barat (West Kalimantan), Indonesia. —Holotype. BMNH 63.12.4.128. Coll. by Dr. Bleeker.

Comments. This combination appeared in a list of snakes known from Borneo. It was mentioned also by
Bleeker (1859: 436, 440-441), who synonymised it with Trimesurus subannulatus Gray, 1842. Glinther
(1864 389) synonymised Tropidolaemus schlegelii Bleeker, 1857 with Trimeresurus wagleri Schlegel.

Status. A nhomen nudum; subjective synonym of Tropidolaemus subannulatus (Gray, 1842).

Trimeresurus subannulatusimmaculatus Peter s, 1872

Trimeresurus subannulatus Gray var. immaculatus Peters, 1872a: 42.—Type locality. Not explicitly given,
“Sarawack auf Borneo”, by implication based on thetitle of the paper, now State of Sarawak, Borneo, Federa-
tion of Malaysia. —Syntypesin Genova Museum.

Comments. This taxon was synonymised with Lachesis wagleri by Boulenger (1896: 562).

Status. Taxon here regarded as a subjective synonym of Tropidolaemus subannulatus (Gray, 1842), but avail-
able, as Tropidolaemus (subannulatus) immaculatus, for any population inhabiting Borneo which would
prove to be potentially distinct from Tropidolaemus subannulatus.

Trimeresurus wagleri alboviridis Taylor, 1917

Trimeresurus wagleri alboviridis Taylor, 1917: 366. - Type locality. “Isabela, Occidental Negros’, now |sabela, Negros
Occidental Province, Negros Island, Philippines. - Holotype. CM R2433, Coll. by E. H. Taylor, September 12, 1915.

Comments. Thistaxon was synonymised with Trimeresurus wagleri by Leviton (1964).

Status. Taxon here regarded as a subjective synonym of Tropidolaemus subannulatus (Gray, 1842), but avail-
able, as Tropidolaemus (subannulatus) alboviridis for a potentially distinct population inhabiting Negros
Island and adjacent islands which would prove to be distinct from Tropidolaemus subannulatus.

Tropidolaemus laticinctus Kuch, Gumprecht & Melaun, 2007

Tropidolaemus laticinctus Kuch, Gumprecht & Melaun, 2007: 3, Figs. 1-6, 7A-B, 8A-B, 9-10, 11A-B. —Type locality.
“Between L. Posso and Tomini Bay, Celebes’, now between Lake Poso and Tomini Bay, Province of Sulawes Ten-
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gah, Indonesia—Holotype. BMNH 96.12.9.80 (subadult or adult male). Coll. by P. & F. Sarasin.

Comments. Thistaxon, briefly described while the present paper was in preparation, was named to accommo-
date populations identified either as Lachesis wagleri variety E by Boulenger (1896), Tropidolaemus
wagleri, “red form” by de Lang & Vogel (2005), or Tropidolaemus subannulatus (celebensis morph 2) by
Vogel (2006).

Status. A valid species, which includes populations from Sulawesi not conspecific with Tropidolaemus suban-
nulatus.

Besides these specific names, several chresonyms resulting from misidentifications were applied to mem-
bers of the Tropidolaemus wagleri complex:

Trimesurus sumatranus (nec Coluber sumatranus Raffles, 1822, now Trimeresurus sumatranus or Parias
sumatranus, avalid species): Gray (1842: 48; 1849: 10).

Trigonocephalus formosus (nec Trigonocephalus formosus Miller & Schlegel, 1842; see Leviton [1964: 267]): Gray
(1849: 10).

To summarize, the available specific epithets currently available are as follows:

- Tropidolaemus wagleri (Boie, 1827): valid combination for western populations, namely Thailand, West
Malaysia, Sumatra, Bangka and Mentawei Archipelago.

- Tropidolaemus subannulatus (Gray, 1842): valid combination for populations of the Philippine Islands and
any, or al of the eastern populations which might be conspecific with Philippine populations, at the
exception of Tropidolaemus philippensis and Tropidolaemus laticinctus Kuch, Gumprecht and Melaun,
2007.

- Tropidolaemus philippensis (Gray, 1842): valid combination for some popul ations of southern and western
Mindanao Island, Philippines.

- Tropidolaemus celebensis (Gray, 1849): available name for any population inhabiting Sulawesi which
would prove to be distinct from Tropidolaemus subannulatus as defined here and from Tropidolaemus
laticinctus.

- Tropidolaemus immaculatus (Peters, 1872): available name for any population inhabiting Borneo which
would prove to be distinct from Tropidolaemus subannulatus as defined here.

- Tropidolaemus alboviridis (Taylor, 1917): available name for any population inhabiting Negros and adja-
cent islands, which would prove to be distinct from Tropidolaemus subannulatus as defined here.

- Tropidolaemus laticinctus Kuch, Gumprecht & Melaun, 2007: valid combination for some populations of
Sulawesi, not conspecific with Tropidolaemus subannulatus as defined here.

The splitting of Tropidolaemus wagleri into five subspecies proposed by Iskandar & Collijn (2001) was both
premature and unsupported, and partly based on unavailable names. The taxonomy of the Tropidolaemus
wagleri complex is now addressed.

TAXONOMIC RESULTS

Multivariate ANCOVA demonstrated the existence of highly significant overall differences between OTU’s
(p<0.0000001). Characters exhibiting significant overall differences between OTU’swere selected for further
multivariate analyses. Growth stage related characters were adjusted to a common SVL of 458 mm. In PCA,
the maximum number of characters was included, thus eliminating specimens with many missing values. A
plot of the object scores corresponding to the first two principal components is shown in Figure 1. A strong
sexual dimorphism is demonstrated but phenetic subclusters suggesting taxonomic heterogeneity of theinitial
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OTU’s are not in evidence. Noticeable is the strong separation of OTU 9 which overlaps geographically with
OTU 7. Thisresult underlines the usefulness of PCA as a means to check the homogeneity of initial OTU'’s.

2
1.5 1 + OTU 1, males
14 -OTU 1, fermales
= o OTU 2, females
% 021 - OTU 3, females
g' 0 - o OTU 4, female
8 = QT 5, males
s 027 x OTU 5, females
E -1 7 « OTU B, males
‘_g. 15 o OTU 6, ferales
S 4 OTU 7 males
o 21 4 OTU 7, females
? 25 - = OTU 9, males
; o OTU 9, females
35 T .
-4 -2 0 2
first principal component

FIGURE 1. Ordination of the OTU’s along the first two principal components based on PCA of quantitative morpholog-
ical characters.

In nonlinear discriminant analysis, variables with many missing values were excluded in order to maxi-
mize the number of specimens in the analysis. Each OTU was included as separate a priori group. A plot of
the object scores corresponding to the first two canonical variates is shown in Figure 2 and correlations
between characters and the first two canonical variates are given in Table 2. The plot demonstrates the exist-
ence of three clearly defined clusters of the original OTU’s, which are grouped into three distinct, higher-order
OTUs (see Wuster and Thorpe, 1992), named hereas OTU | to OTU Il1. OTU | comprises the populations of
Thailand, West Malaysia + Singapore, Sumatra and Natuna Island. The second OTU comprises the popula
tions of Borneo, Bditung, Sulawesi and the Philippines (OTU I1). Lastly, the third OTU consists only of the
population occurring in southern Mindanao, Philippines, composed of conspicuously distinctly patterned
specimens (OTU I11).

Subsequently, alinear discriminant analysis was performed. The three clusters, defined on the basis of fig-
ure 2, were used as a priori groups. The maximum number of quantitative morphological characters was
included, thus eliminating specimens with many missing values. A plot of the object scores corresponding to
the first two canonical variates is shown in Figure 3 and correlations between characters and the first two
canonical variates are given in Table 3. Both canonical variates were highly significant based on Wilk's
lambda (P<0.0000001).
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TABLE 2. Correlations between characters and the first two canonical variates (1).

Characters Correlation with first canonical variate Correlation with second canonical variate
Body colour 0.44 0.83
Dor-bands 0.81 -0.42
COLPQOCcStr -0.14 0.44
Col Venter 0.54 -0.34
K-Occ -0.13 -0.55
KSR -0.42 -0.43
Ven -0.30 -0.30
Sc -0.46 -0.28
IN-sep 0.91 -0.20
Sn-SC -0.44 -0.37
Tal -0.28 -0.17
MSR -0.39 -0.49
DSR -0.30 -0.43
¥ SL 0.12 -0.60
CEP -0.58 -0.38
445
LI - + OTU 1, males
.5 - . - OTU 1,females
« OTU 2 males
o 7 o OTU 2, females
-E 25 - OTU 3, females
z 0 OTU 4, female
g 727 « OTU 5§, males
E 1.9 1 = OTU 5, females
a 1. «OTU & males
£ & OTU 6, females
S 0.5 1 £ OTU 7, males
" g 4 OTU 7 females
= 0OTU 3, male
0.3 7 = OTU 9, males
-1 o OTU 9, females
-1.4 . . . . .
-2 -148 -1 048 1] 05 1.8
first canonical variate

FIGURE 2. Ordination of the OTU’s along the first two canonical variates based on nonlinear discriminant analysis of
morphological and coloration characters.

14 . Zootaxa 1644 © 2007 Magnolia Press VOGEL ET AL.



second canonical variate

« OTl's 1,238, males
< QOTl's 1,2 3.8, females
4 OTU's 4567, males
& 2JT's 4 5087, females
o TS, males

o QT Y, females

-f .

-f-6B-5-4-3-2-101 2 3 4 58

first canonical variate

FIGURE 3. Ordination of the three clusters along the first two canonical variates based on linear discriminant analysis
of morphological characters.

TABLE 3. Correlations between each character and the first two canonical variates (I1).

Characters Correlation with first canonical variate | Correlation with second canonical variate
IN-sep 0.83 0.22
CEP -0.21 0.55
ASR 0.01 0.52
MSR -0.15 0.54
He-SC -0.08 0.54
DSR -0.14 0.52
NLI -0.07 0.57
W-SpOc 0.03 -0.37
TIL -0.12 0.51
C3SL/SubOc 0.08 0.51
¥ SL 0.04 0.51
Sn-SC -0.10 0.49
C4SL/SubOc -0.04 0.36
Ven -0.08 0.35
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FIGURE 4. Neotype of Tropidolaemus wagleri (MNHN 5784). Lateral view of the head, right side. Photograph by Ger-
not Vogel.
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FIGURE 5. Neotype of Tropidolaemus wagleri (MNHN 5784). Lateral view of the head, left side. Photograph by Ger-
not Vogel.
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FIGURE 7. Neotype of Tropidolaemuswagleri (MNHN 5784). General view. Photograph by Gernot Vogel.
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On the basis of our results, we consider these three OTUs as three different taxa deserving a specific level
according to the Phylogenetic Species Concept (PSC) (see Vogel et d., 2004, and David et al. (2006) for the
discussion and a summary of references on this concept). All three OTUs defined here are diagnosable by the
combination of alimited number of morphological characters. This fallsinto the basic definition of the PSC.

For these three species or complex, the following names are available:

OTU I: Tropidolaemus wagleri (Boie, 1827)

OTU II: Tropidolaemus subannulatus (Gray, 1842)

OTU IlI: Tropidolaemus philippensis (Gray, 1842)

OTU I, recognized here as a species, will probably be further split into other taxa in a forthcoming paper
based both on morphological and molecular analyses. We regard it as a complex of taxa, of which all of
them will differ from T. wagleri and T. philippensis at the species level. For the sake of convenience, we
merely nameit in this paper as Tropidolaemus subannulatus, the first available name.

Tropidolaemus wagleri (Boie, 1827)
(Figs. 8-11)

Diagnosis—A species of the genus Tropidolaemus, characterized by (1) internasals always in contact; (2) a
strong ontogenetic variation of the background body colour: black (never green) in adult females, whereas
males and juvenilesretain avividly green background colour; (3) a strong ontogenetic variation of the pattern:
yellow crosshands around the body in adult females, white spots in adult and juvenile males, white crossbars
in juvenile females; (4) a black postocular stripe in adult females and a white and red one in males and juve-
niles of both sexes; (5) a banded belly in adult females and a uniform belly in males and juveniles; (6) 21-23
DSR a midbody in males and 23-27 in females, usually feebly keeled in males and distinctly keeled in
females; (7) 143-152 VEN in males and 134-147 VEN in females; (8) 50-55 SC in males and 45-54 in
females. Other characters appear in the Description below.

FIGURE 8. Tropidolaemus wagleri. Living adult female from Jambi Province, Sumatra, Indonesia. Photograph by Ger-
not Vogel.
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FIGURE 9. Tropidolaemus wagleri. Living adult female from Pahang, West-Malaysia. Photograph by Dick Visser.

Description and variation.—The maximal total length among our sampleis 920 mm (SVL 770 mm, TaL
150 mm) for a female from Thailand (MNHN 1996.0291). Our largest mae is 522 mm long (SVL 435 mm,
Tal 87 mm; BMNH 95.5.1.56; Natuna |slands).

Body laterally compressed, slender in males, thick and stout in females. Head strongly triangular, wide at
its base, clearly distinct from the neck (at least twice as broad as the neck), average in length, amounting for
6.1-7.6% of SVL (x = 7.0 %) in males, 5.6-7.8% of SVL (x = 6.9 %) in females, wide at its base, a bit flat-
tened in males, very thick in females when seen from the side. Snout obliquely truncated when seen from the
side, with adistinct canthus rostralis, rather massive, rounded when seen from above, amounting for 25-30 %
(x =27 %) of HL in males and 21-30 % (x = 25 %) of HL in females, or 1.4-2.0 (x = 1.6) times as long as
diameter of eyein malesand 1.4-3.2 (x = 2.2) in females. Nostrils small, piercing in the middle of the nasal.
Eye small, amounting for 0.6-1.6 (x = 1.0) times in males and 0.6-1.5 (x = 0.8) times in females of the dis-
tance eye-lip. Tail tapering progressively and prehensile.

Ratio TaL/TL: 0.139-0.196, with a strong sexual dimorphism (see below).

This species exhibits quite an unusual ontogenetic variation in the ratio TaL/TL, a character that we had
not observed in any species of the other pitvipers. If we consider males and females with a SVL below 250
mm and above 300 mm respectively, we obtain the values givenin Table 4.

TABLE 4. Ontogenetic variation in ratio TaL/TL in Tropidolaemus wagleri.

SVL Ratio TaL/TL Males Females
< 250 mm 0.179-0.196 0.176-0.186
> 300 mm 0.167 0.139-0.163
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DSR: (21) 23-27 — 21-25 (27 in 1 specimen) — 17-21, weekly keeled or smooth in males, more or less
strongly keeled in females.

VEN: 134-152 (plus 1-2 preventrals); SC: 45-55, all paired. Anal shield entire.

Rostral visible from above, about 1.2—-1.3 times broader than high, triangular; nasals subrectangular,
entire; 1 (rarely 2, in only 3/38 specimens) internasals, elongated, narrow, dightly bent, about 2 times as long
aswide; internasalsin contact in all examined specimens; on each side, 4-5 canthal scales, not or barely larger
than adjacent snout scales, bordering the canthus rostralis; 1 elongate triangular loreal scale between upper
preocular and the nasal; 2 elongate upper preoculars above the loreal pit; lower preocular forming the lower
margin of loreal pit; 2 (rarely 3, in 2/76 occurrences)) postoculars; 1 (rarely 2, in only 2/76 occurrences) small,
narrow, flat supraocular on each side, 2.0-3.2 (x = 2.4) times as long as wide, 0.4-0.7 (x = 0.6) times as wide
as the internasals, irregularly bordered on their inner margins by the upper head scales; 59 (x = 6.8, s=0.9)
dlightly enlarged scales on upper snout surface on a line between the scales separating the internasals and a
line connecting the anterior margins of eyes, rhomboid, strongly keeled and imbricate; 1217 (x = 13.8; s =
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1.5) cephalic scales between the middle of the supraoculars, small, strongly keeled, flat and imbricate; occipi-
tal scales not larger than cephalic scales, strongly keeled; temporal scales small, irregular in size, in 3rows, al
strongly keeled; 1 or 2 small, thin, elongated, suboculars; 8-11 SL (x = 9.4; s=0.5) on each side, total number
16-21 (x = 18.9; s = 1.1); 1% SL rather short, entirely separated from nasal; 2™ SL short, not bordering the
anterior margin of the loreal pit, topped by a prefoveal scale which borders the pit and is separated from the
nasal by 2—4 minute scales; 3“ SL longest and usually highest, 1.2-1.9 (x = 1.65; s = 0.20) times as long as
high, either in contact (20 / 76 occurrences) with the subocular(s), or usualy separated by 1 (54 / 76 occur-
rences) or 2 (2/76) small scales(s), with asexual dimorphism; 4™ SL nearly aslong as high, 0.7-1.1 (x=0.9; s
= 0.1) times as high as 3 SL, either in contact (7 / 76 occurrences, all males) with the subocular(s), or sepa-
rated by 1 (23 / 76 occurrences), 2 (45/ 76) or 3 (1/ 76) small scales(s); 1013 IL (x = 11.4; s=1.0) on each
side, total number 20-28 (x = 23.1; s = 1.7), strongly keeled; scales of the 1% pair longitudinally in contact,
first four pairsin contact with anterior chin shields; 7-10 rows of strongly keeled gular scales.
Inlife and in preservative, this species shows both strong sexual and ontogenetic dimorphisms.

el e

i A4 3 '
FIGURE 11. Holotype of Trimesurus maculatus (BMNH 1.2.5a=BMNH 1946.1.17.69). Adult male, Singapore. Gen-
eral view. Photograph by Gernot Vogel.

Adult females: they display the typical and complex “speckled” black and yellow coloration. Body deep
glossy black, with 25-30 irregular bright yellow vertical crosshars, 2 or 3 scale wide, separated by 5-7 scales;
many scales of the black areas with yellow or yellowish green centre, this colour becoming broader and more
green on the lower side of the sides; tail also deep black, irregularly marked with very irregular bright yellow
blotches, the first ones forming incomplete crossbands, the others reduced to elongated blotches; tip of tail
entirely black.

The dorsal head surface is deep black with small irregular yellow blotches; awide, bright yellow postocu-
lar streak, narrowly edged below with white, extending from eye to behind the corner of the mouth in widen-
ing posteriorly; lower half of rostral and supralabials ochre yellow, narrowly edged with black; area between
the posterior supralabials and the postocular streak deep black, the lower half of this area speckled with pale
yellowish green, the upper part more or less entirely black, producing a distinct black stripe bordering below
the postocular streak.
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Venter yellow, the posterior edge of ventrals black; chin and throat yellow, the infralabial s narrowly edged
with black giving dark crossbands; some greenish-yellow, black edged blotches on the chin near the posterior
infralabials.

Adult and juvenile males: body bright or deep green, lateral a bit lighter, with small dorsolateral dots,
anterior red, posterior white. These continue to the tail, tip of the tail mottled with brown. A loreal streak run-
ning from the nasal to the ankle of the mouth, ventrally red and dorsally white coloured. Belly and underside
of the head light, uniform.

Juvenile females: asin males, but the white (cream or pink in life) and red rounded, dorsolateral, spots are
replaced by vertical crossbars of the same colour, reaching about the limit of the upper third of the sides.

Sexual dimor phism.—It isclearly marked in the total length, in theratio TaL/TL, the pattern, the keeling
of the dorsal rows and in other several other characters as listed below. Several scale values are higher for
femal es probably dueto their larger size.

The most important characters are as follows:

(1) Differenceintheratio TaL/TL:
0.157-0.196 (x = 0.183; s=0.010) in males, vs. 0.139-0.178 (x = 0.157; s= 0.011) in females.
(2) Differences in the mean number of ventrals:
143-152 (x = 146.9; s= 2.9) in malesvs. 134-147 (x = 139.5; s = 3.2) in females.
(3) Differencesin the number of number of scale-rows at midbody:
2123 (x=22.3; s=1.0) inmalesvs. 23— 27 (x = 24.9; s= 0.6) in females.
(4) Differencesin the total number of SL:
16-18 (x =16.7; s=1.2) inmaesvs. 1720 (x = 18.9; s= 1.1) in females.
(5) Differences in the number of cephalic scales:
12-13 (x =12.7; s=0.5) inmaesvs. 13-15 (x = 14.6; s= 1.3) in females.
(6) Differencesin the total number of infralabials:
19-28(x=23.1;s=1.7)inmaesvs. 17-20 (x=20.7; s= 1.5) in females.
(7) Differences in the number of scales between 3rd SL and subocular in males:
Oinall inmalesvs. 0-2 (x = 0.9) in females.
(8) Scale-rows at midbody less strongly kedled in males than in females.
(9) Pattern: see above. Males generally show no ontogenetic shift in colouration, whereas the colouration in
females strongly varies. This is evident for the pattern, the postocular streak, the ground colour and the
ventral colour. For details, see Table 5.

TABLE 5. Comparison of colouration characters in the Tropidolaemus wagleri group.

TAXON Ground colour Dorsal markings COLPOcSr Pattern of venter
Males Females Males Females Males Females Males Females
Tropidolaemus ~ green  black + yel- red dots yellow white and black uniform banded
wagleri low n=8 bands red
n=8 n=24 n=24 n=8 n=24 n=8 n=24
Tropidolaemus ~ green greenor  whitespotsor blue + whiteand variable uniformor uniform or
subannulatus green and blue+red white, red + red withred blotchedwith
blue white, blue dots blue or red
n=11 n=39 n=11 n=39 n=11 n=39 n=11 n=39
Tropidolaemus ~ tur-  moreorless  black net black net black or black  uniform uniform
philippensis quoise green n=4 n=2 white n=2 n=4 n=2
n=4 n=2 n=4
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Remar ks—only adult specimens are considered.

Range.—Vietnam. Known from the southern provinces of Minh Hai and Song Be (Orlov et a., 2003). —
Thailand. Known only from the South: it has been recorded from the provinces of Phang Nga, Pattani, Surat
Thani, Nakhon Si Tammarat, Narathiwat, and Yala (Nabhitabhata et al., 2004). —Federation of Malaysia.
West Malaysia. Probably distributed throughout the Peninsula. —Singapore. —Indonesia. Recorded from the
idands of Sumatra, Bangka, Mentawei Archipelago, Natuna Islands, Nias, and Riau Archipelago.

Materials (38 specimens). Indonesia. Natuna Islands. BMNH 95.5.1.56, “ Sirhassen, Natuna Idands’,
now Serasan Island, Natuna Archipelago. —Riau Archipelago. ZMA 17718, “Doeriam”, now Durian Island,
Province of Riau. —Sumatra. MHLCLFE 206-207, vicinity of Lubuksao, between Lubukbasung and Muko-
muko, on the northwestern shore of Lake Maninjau, Province of Sumatera Barat. - MNHN 1879.0708,
“Bedagneh River, Deli”, now Bedagai River, Province of Sumatera Utara; MNHN 4063, MNHN 7767,
MNHN 1880.0043, MNHN 1998.0479, “Sumatra’; MNHN 1998.0480, MNHN 1999.6577-6578, Jambi
Province; MNHN 2000.4274-84, Lake Maninjau, Province of Sumatera Barat. - ZIH No number (1)-(3),
“Sumatra’. - ZMH R-07440, Padang District, Province of Sumatera Barat; ZMH R-07448-450, Sungei Lalak
(0°27'S, 102°59'E), Province of Indragiri. - Federation of Malaysia. West Malaysia. MNHN 1884.0160-
0161, “Maaya’; MNHN 2006.0422, “West Maaysia (from the pet trade). —Thailand. MNHN 1990.4250,
MNHN 1990.4287, MNHN 1996.0291-0292, MNHN 2006.0417-0418, “Thailand” (from the pet trade).

Tropidolaemus subannulatus (Gray, 1842)
(Figs. 12-25)

Diagnosis. —A species of the genus Tropidolaemus, characterized by (1) the internasals separated by 2
(rarely 1) scales, never in contact; (2) abackground colour in the shades of green, namely green, blue or green
and blue ground in females, green (blue in some Negros populations) in males and juveniles; (3) crossbands
around the body blue and white, red and white, blue, blue and red or white in adult females, white parts can be
light blue in life, white spots or white and red spotsin males and juveniles; (4) a variable postocular stripe in
adult females and a white and red one in juveniles and males; (5) in adult females the belly is uniform or
blotched with blue or red, never banded, in males and juveniles the belly is uniform or with red dots; (6) 128—
148 VEN in males and 127-147 in females, SC: 45-53 in males and 40-54 in females; (7) 21-23 MSR in
males and 21-29 in females, keeling variable in both sexes; (9) 4-7 scales on the snout at malesand 5—-8in
females; (10) 3 SL nearly always (87 / 90 occurrences) separated from the subocular by 1 scale or 2 scales,
without sexua dimorphism; (10) tail long in males, with aratio TaL/TL between 0.146 and 0.182, moderate to
long in females, 0.139-0.183; (11) occipital scales distinctly keeled in males.

Description and variation. —The maximal TL among our sample is 963 mm (SVL 820 mm, TaL 143
mm) for afemale from “ Siau, Sangi Idands’, now Sangihe Islands (BMNH not registered). Our largest male
is463 mm long (SVL 384 mm, TaL 79 mm; FMNH 222869 from Borneo).

We refrain from giving amore detailed description here, asthe variation among this species or complex of
species will be discussed in the next and forthcoming paper of the series. A splitting into several taxa seemsto
be likely.

Range. —Brunei. See Das (2007). — Federation of Malaysia States of Sabah and Sarawak on Borneo
(Stuebing & Inger, 1999; Makmus et al., 2002). — Indonesia. Known from the islands of Belitung, Borneo
(Kaimantan), Buton, Kalimantan, Sangihe Archipelago, and Sulawesi. — Philippines. Recorded from the
isands of Balabac, Basilan, Bohol, Dinagat, Jolo, Leyte, Luzon, Mindanao, Negros, Palawan, Panay, Samar,
Sibutu, and Tumindao (Alcala, 1986).
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FIGURE 12. Syntypes of Tropidolaemus subannulatus (BMNH 1946.1.19.33). Philippines. General view. Photograph
by Gernot Vogel.

FIGURE 13. Syntypes of Tropidolaemus subannulatus (BMNH 1946.1.19.33). Philippines. General ventral view. Pho-
tograph by Gernot Vogel.

24 . Zootaxa 1644 © 2007 Magnolia Press VOGEL ET AL.



FIGURE 14. Syntype of Tropidolaemus subannulatus (BMNH 1946.1.19.32). Philippines. Dorsal view of the head.
Photograph by Gernot Vogel.

FIGURE 15. Syntype of Tropidolaemus subannulatus (BMNH 1946.1.19.32). Philippines. Ventral view of the head.
Photograph by Gernot Vogel.
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FIGURE 16. Syntype of Tropidolaemus subannulatus (BMNH 1946.1.19.32). Philippines. Lateral view of the head,
right side. Photograph by Gernot Vogel.

FIGURE 17. Tropidolaemus subannulatus. Living adult female from Sulawesi, Indonesia. Photograph by Henrik
Hellemar.

26 - Zootaxa 1644 © 2007 Magnolia Press VOGEL ET AL.



FIGURE 18. Tropidolaemus subannulatus. Living male, Lambusango Forest reserve, Pulau Buton, Sulawesi, Indonesia.
Photograph by Bjorn Lardner.

FIGURE 19. Tropidolaemus subannulatus. Living adult female Temburong District, Borneo, Brunei Darussalam, 100m.
Photograph by Maximilian Dehling
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FIGURE 20. Tropidolaemus subannulatus. Living adult female from Sarawak, Borneo. Photograph by Johan van Roo-
ijen.

FIGURE 21. Tropidolaemus subannulatus. Living adult male, Bako NP, Sarawak, Ost Malaysia. Photograph by Pauli
Hien.
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FIGURE 22.
Tropidolaemus subannu-
latus. Living adult v
female from Negros 4
Island, Philippines. -
Fy

59
b

A

Photograph by Mario "Q
Lutz.

FIGURE 23.
Tropidolaemus
subannulatus. Living
adult female from
Palawan Island,
Philippines. Photograph
by Mario Lutz.
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FIGURE 24. Tropidolaemus subannulatus. Living adult male from Negros Island, Philippines. Photograph by Mario
Lutz.

Material (64 specimens).—Bélitung Island. ZMA 17709, “Billiton”. —Borneo. Federation of Malay-
sia FMNH 128265, FMNH 129467, Pengkalang Lobang, Fourth Division, State of Sarawak. - FMNH
128433, Tangap, Fourth Division, State of Sarawak; FMNH 131848, FMNH 131860, FMNH 131865, Niah,
Fourth Division, State of Sarawak; FMNH 131852, Lower Niah, Fourth Division, State of Sarawak; FMNH
131857, Sungei Subis, Fourth Division, State of Sarawak; FMNH 131861, Niah, Sakaoh, Fourth Division,
State of Sarawak; FMNH 131862, Niah, Pengkalan Lobang, Fourth Division, State of Sarawak; FMNH
138663-64, Sungei Mengiong, Nanga Tekalit Camp, Third Division, Kapit District, State of Sarawak; FMNH
148833, Labang Camp on Sungei Seran, Bintulu District, Fourth Division, State of Sarawak; FMNH 222869,
Nanga Tekalit, Kapit District, Seventh Division, State of Sarawak. - MNHN 1880.0432, MNHN 1991.3167-
68, Sandakan, State of Sabah; MNHN 1906.0014, No Sang, State of Sabah. - ZMH R 07438, “Mandalan
River, Borneo”, now Sungei Medalam, Limbang (Fifth) Division (04°12'N, 114°57'E), State of Sarawak. -
Indonesia. MNHN 1891.0082, “ Sebroeang”, now Nangah Sebroeang, near Semitau, Province of Kalimantan

30 - Zootaxa 1644 © 2007 Magnolia Press VOGEL ET AL.



Barat; MNHN 2006.0419, Pontianak, Province of Kalimantan Barat. - No locality. MNHN 1880.0435,
MNHN 1957.0817, “Borneo”; MNHN 1998.0488, MNHN 2002.0447-49, MNHN 2006.0420, “Borneo”
(from the pet trade). —Sulawesi: BMNH 1980.1718, Ranu River, Morowali Nature Reserve; BMNH
1980.0936, Torro, Kulawi, Kabupaten Donggala, Central Sulawesi; BMNH 49.3.2.38, “Celebes’; BMNH
96.12.9.79, “Bone Valley, N. Celebes’, now in Province of North Sulawesi. - MNHN 1999.9032, MNHN
2002.0408, “Sulawesi” (from the pet trade); MNHN 2002.0446, an island off South Sulawesi (from the pet
trade). - ZMA 17711, “Posso”, now Poso, Province of Central Sulawesi. —Philippines. Luzon Is. 95.1.11.10-
12, “Albay, S. E. Luzon”, now Albay Province, Luzon Is.; MNHN 1880.0232, “Province Albay (Luzon Phil-
ippines), now Albay Province, Luzon Is; MNHN 1876.0032, “Dans la Laguna (Luzon)”. - Mindanao Is.
BMNH 77.10.9.71-72, “Butuan, N. Mindanao”, now Butuan City, Province of Agusan del Norte; CAS 8679,
“San Ramon, Zamboanga Prov.”, now in Province of Zamboanga del Sur; FMNH 15046, “Agusan River,
Mindanao Is’; FMNH 22580, Bunawan, Agusan del Sur Province; FMNH 53564-67, Tagum, Madaum,
Davao Province, near sealevel. - Negros Is. CAS-SUR 18792-93, Mabaja River area just West of Mayaposi
Hill (Alt: 1800"), Negros Oriental Province. - Palawan Is. BMNH 79.11.16.12, CAS 15816, Puerta Princesa;
BMNH 94.6.30.64-65, “Palawan”; CAS 28531, about 1 /2 km. W.S.W. of Iwahig, Site 488 (300 ft), Palawan
Prov. - Sulu Archipelago. MNHN 1880.0383, “Archipel de Sulu entre Bornéo et Mindanao”. - No locality.
BMNH 1946.1.19.32-33, MNHN 1884.0046, MNHN 1884.0181-0182 “Philippines’. —Unknown origin.
MNHN 1878.0365-66, both labelled as from “Mansinam, Nouvelle Guinée’.

Tropidolaemus philippensis (Gray, 1842)
(Figs. 25-32)

Diagnosis. —A species of the genus Tropidolaemus, characterized by (1) the internasals separated by 1 or 2
scales; (2) only 6—7 cephalic scales between the middle of the supraoculars at both sexes; (3) 18-19 MSR in
both sexes, smooth or weakly keeled; (4) 7-8 SL on each side, or atotal number of 15-16 supralabialsin both
sexes; (5) 0, rarely 1 scale, between 3rd SL and subocular in both sexes; (6) 4-5 scales on the snout in both
sexes; (7) atotal number of 16-17 infralabials in both sexes; (8) a greenish-turquoise body background color-
ation in males, seemingly more green in females; (9) dorsal blotches on the body, black with unfilled dorsals
so some kind of netisvisible; (10) ablack or rarely white postocular stripein both sexes; (11) belly uniformin
both sexes; (12) VEN: 131-135 in males and 129 in the sole available preserved femal e specimen, SC: 45-46
in males and 44 in a female; (13) tail moderate in males and females, with aratio TaL/TL between 0.143 and
0.155, without sexua dimorphism; (14) occipital scales weekly keeled in males and strongly keeled, like
partly raised in females.

Description and variation. —The maximal known TL is455 mm (SVL 390 mm, TaL 65 mm) for amale
(BMNH 1946.1.17.67; holotype). Our sole available female is not adult.

Body relatively slender in both sexes, laterally compressed. Head strongly triangular, wide at its base,
clearly distinct from the neck (about 1.5 times as broad as the neck), amounting for 6.0-7.5 % of SVL (x=6.5
%) in males, 6.3 % of SVL in afemale, wide at its base, thick and rounded when seen from the side. Snout
abruptly truncated, rounded when seen from the side, with a distinct canthus rostralis, rather massive, rounded
when seen from above, amounting (in adults) for 26—29 % (x = 28 %) of HL in malesand 27 % in afemale, or
1.5-1.8 (x = 1.7) times as long as diameter of eyein malesand 1.6 times as long as diameter of eyein females,
rounded when seen from above. Nostrils small, piercing in the middle of the nasal. Eye average, amounting
the distance eyeip for 1.0-1.4 (x = 1.2) times in males and 0.9 time in afemale. Tail tapering progressively
and prehensile. Ratio TaL/TL: 0.143-0.151, without any sexua dimorphism. We did not note any ontogenetic
variation of thisratio in our small sample.
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DSR: 19-21 —18-19 — 14-15, not or weekly keeled.
VEN: 129-135 (plus 1-2 preventrals); SC: 4446, all paired. Anal shield entire.

FIGURE 25. Holotype of Tropidolaemus philippensis (BMNH 1946.1.17.7). Adult male from Philippines. Genera
view. Photograph by Gernot Vogel.

FIGURE 26. Holotype of Tropidolaemus philippensis (BMNH 1946.1.17.7). Adult male from Philippines. General ven-
tral view. Photograph by Gernot Vogel.
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Rostral visible from above, about 1.1-1.2 times broader than high, triangular; nasals subrectangular,
entire; 1 internasal on each side, rather sgquat, narrow, about 1.5 times as long as wide; internasals separated by
1 (1/5 specimens) or 2 (4/5) small scales; 2—3 canthal scales, not or barely larger than adjacent snout scales,
bordering the canthus rostralis; 1 elongate triangular loreal scale between upper preocular and the nasal; 2
elongate upper preoculars above the loreal pit; lower preocular forming the lower margin of lorea pit; 2 pos-
toculars on each side; 1 small, relatively wide, flat supraocular on each side, 1.8-2.0 (x = 1.9) times aslong as
wide, 0.8-1.0 (x = 0.9) times as wide as the internasals, irregularly bordered on their inner margins by the
upper head scales; 4-5 (x = 4.4, s=0.5) distinctly enlarged scales on upper snout surface on aline between the
scal es separating the internasals and aline connecting the anterior margins of eyes, rhomboid, strongly keeled
and imbricate; 6-8 (x = 7.0; s= 0.6) cephalic scal es between the middle of the supraoculars, enlarged, strongly
keded, flat and imbricate; occipital scales larger than cephalic scales, weakly keeled in males but strongly
keeled, somewhat raised in some females; temporal scales small, irregular in size, in 3 rows, more or less
strongly keeled in both sexes; 1 small, thin, elongated, subocular on each side; 7-8 SL (x = 7.9; s= 0.4) on
each side (7 SL in only 1/10 occurrences), total number 15-16 (x = 15.8; s= 0.4); 1* SL short, entirely sepa-
rated from nasal; 2™ SL short, subrectangular, not bordering the anterior margin of the loreal pit, topped by a
prefoveal scale which borders the pit and is either in contact with the nasal in all examined specimens; 3 SL
longest but rather short, elongate, 1.5-2.0 (x = 1.8; s = 0.2) times as long as high, in contact (9 / 10 occur-
rences) with the subocular or separated by 1 small scale (1 / 10 occurrences) 4™ SL 0.7-0.8 time as high as
long, 1.0-1.2 (x=1.1; s=0.1) times as high as 3° SL, either in contact (5 / 10 occurrences) with the subocular
or separated by 1 (5/ 10 occurrences) small scale; 8 —9 IL (x = 8.3; s=0.3) on each side, total number 16-17
(x=16.2; s=0.5), strongly keeled; scales of the 1% pair longitudinally in contact at the exception of 1 speci-
men, first two pairs only in contact with anterior chin shields; 5 rows of strongly keeled gular scales on each
sidein al specimens.

This species does not show clear sexual dimorphism in coloration and pattern. There is no ontogenetic
variation in males.

Inlifeand in preservative, in males, the body and tail are bluish-green or turquoise, whereas they are more
green or yellowish-green in females, with 27 to 36 irregular black vertical crossbars. These are 1 scale wide at
the base and 2 or 3 scales wide on the vertebral row. The scales in the stripes are centered with the ground
colour of the body. Sometimes there are rhombic markings instead of the stripes. The scales in these markings
are centered green or yellowish green. The scales between these markings or bands may have dark margins.
These are getting darker on the vertebral line. The dorsal and lateral head surface isin the colour of the body
with all scales having dark margins. Thisis also true, although to a lesser extent, for most of the upper labials
and the venter of the head, which is yellow in ground colour. Some of the scales of the venter surface of the
head have a turquoise speckling. The belly is a bit lighter than the ground colour with several ventrals having
dark margins. These may be present only on one lateral half of the scales or may be totally absent.

On the tail there are about 8 to 10 ill defined dark bands, also centered in the ground colour. All the scales
on thetail have more or less dark margins, except on the tip which may be uniform light or uniform black. The
subcaudals are turquoise to yellow and may or may not have dark margins.

Sexual dimor phism.—This species does not show any clear sexual dimorphism, in contrast to the two
other taxa discussed above. Thereis not even clear differencein theratio TaL/TL.

Males do not show ontogenetic shift in coloration. The two available females, including a living speci-
men, suggest a rather green or yellowish-green coloration in females vs. turquoise in males. For details, see
Table 5.

Range.—Philippines. Known only from southern and western parts of the island of Mindanao.

Materials (5 specimens).—Philippines. Mindanao Island. BMNH 1946.1.17.67, “The Philippines’
(holotype). - CAS SU-7265, Davao, Province of Davao del Sur. - FMNH 68902, “Zamboanga Province’;
FMNH 124297, “Cotabato”. - MNHN 4064, “ Samboangan, ile Mindanao (archipel des Philippines)”, now
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Zamboanga Peninsula.
To this material, we add a living specimen, afemale, depicted in Vogel (2006: 131).

FIGURE 27. Holotype of Tropidolaemus hombroni (MNHN 4064). Adult male from Philippines. General view. Photo-
graph by Gernot Vogel.

FIGURE 28. Holotype of Tropidolaemus hombroni (MNHN 4064). Adult male from Philippines. General ventral view.
Photograph by Gernot Vogel.
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FIGURE 29. Holotype of Tropidolaemus hombroni (MNHN 4064). Adult male from Philippines. Lateral view of the
head, right side. Photograph by Gernot Vogel.

head. Photograph by Gernot VVogel.

DISCUSSION

Comparison between recognized species
Main differences between the Tropidolaemus subannulatus complex as here conceived and other mem-
bers of the Tropidolaemus wagleri complex (at the exception of T. huttoni and T. laticinctus) are summarized
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in Tables 6-7. Tropidolaemus subannulatus differs from T. wagleri by (1) internasals never in contact, sepa-
rated by two (rarely one) scales; (2) strong ontogenetic shift in coloration and pattern in females T. wagleri,
with adult females black (never green) with yellow crossbands, vs. a basic colour of green retained in adult T.
subannulatus of both sexes (despite some bluish forms); (3) 3 SL nearly always separated from the subocu-
larsin T. subannulatus, vs. separated in about one third of the casesin T. wagleri. Lastly, T. subannulatus has
moreinfralabialsin both sexes.

TABLE 6. Comparison of main morphological charactersin the Tropidolaemus wagleri group.

TAXON TalL/TL VEN SC MSR Keeling of SL INN-sep
MSR
Maes Females Males Females Mades Femaes Maes Femaes Males Females Maes Females
Tropidolaemus 0.157— 0.139- 143- 134~ 50-55 4554 21-23 23-27 1 2 16-18 17-20 0
waglert 019 0178 152 147 g 128 =8 =30 n=8 n=30 n=8 n=30 n=38
=8 n=28 ™8 n=30
Tropidolaemus 0.146— 0.139- 128- 127- 4553 40-54 21-23 21-29 0-2 0-2 17-20 17-21 21
subannulatus - 0182 0.183 148 147\ 14 45 n=l4 ne46 =14 =46 n=14 =46  n=60
n=14 n=45 "=14 =g
Tropidolaemus 0.143- 0.147 131- 129 4446 44 18-19 19 0-1 0 15-16 16 21
philippensis 0.155 n=1 135 n=1 M4 p=1 N4 n=1 n=4 n=1 n=4 n=1 n=5
n=4 n=4

Abbreviations—See in Material and Methods, except: Keeling of MSR: 0: smooth, 1: weakly keeled, 2: strongly
keeled.

TABLE 7. Comparison of main morphological charactersin the Tropidolaemus wagleri group (continued).

TAXON Cep IL C3SL/subOc Sn-SC K-Occ
Males Femaes Males Females Males Females Maes Females Maes Femaes

Tropidolaemus 12-13  13-15 16-18 17-20 0 1(0,2) 5-7 6-9 2 2
wagleri n=8  n=30 n=8 n=30 n=8 n=30 n=8  n=30 M8 =30
Tropidolaemus 9-12  9-16 18-21(24) 1826 1(0) 1(0,2) 47 58 2 2(1)
subannulatus 1y gs ne14 n=46  n=14 n=46 =14 n=46  n=14  n=46

Tropidolaemus  6-7 8 16-17 16 0D 0 4-5 5 12 2
philippensis n=4 n=1 n=4 n=1 n=4 n=1 n=4 n=1 n=4 n=2

Abbreviations. —Seein Material and Methods, except: KOcc (keels of occipital scales): 0: smooth, 1: weakly keeled, 2:
strongly keeled.

Tropidolaemus philippensis differs from both Tropidolaemus wagleri and Tropidolaemus subannulatus by
(1) alower number of dorsal scale rows at midbody; (2) a blotched dorsum, instead of vertical crossbars in
other taxa; and (3) alower number of snout and cephalic scales, of supralabials and infralabials. Other charac-
ters appear in Tables 6-7.

Tropidolaemus huttoni is still known from only two very young specimens. They are very close to juve-
niles of Tropidolaemuswagleri. They differ by (1) ahigher Tal/TL ratio, 0.279 vs. 0.179 —0.196 in juvenile of
T. wagleri of same size and sex (David & Vogel, 1998); (2) abright red tip of snout dive (David & Hutton, in
prep.). This coloration disappeared in alcohol but was conspicuous when the juveniles were collected; and (3)
an upturned snout in T. huttoni.

Lastly, Tropidolaemus laticinctus differs from all other taxa mostly by its coloration. The short and some-
what abridged description of Kuch et al. (2007) did not provide much detail on scalation of this species.
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Zoogeography

As explained above, we consider these three taxa to be distinct species, or, in the case of Tropidolaemus
subannulatus, of acomplex of species.

T. wagleri is entirely alopatric with both T. subannulatus and T. philippensis. The Biological Species
Concept cannot be tested. Nevertheless, both T. wagleri and T. subannulatus are commonly imported by the
pet trade, and no crossbreeding is known to us. At the present time, only T. laticinctus occurs in sympatry with
T. subannulatus on Sulawesi, whereas T. philippensis and T. subannulatus occur in sympatry on Mindanao.

Out of itsmain range, T. wagleri has been recorded from South Vietnam. Some Indo-Malayan snake taxa
have been discovered in a small part of southwestern Vietnam (Orlov et a., 2003). The occurrence of such
taxa in South Vietnam and South Laos was discussed in Teynié et a. (2004). The main range of T. wagleri
extends from southern Thailand across West Maaysiato Singapore and Sumatra (plus some adjacent islands).
By all evidence, T. wagleri is not present on Java. There cannot be any doubt on the fact that the form present
on Sumatra is the same than that from Thailand and West Malaysia, despite the fact that specimens from
Sumatra are a little bit less colorful in having less yellow shades on the dorsum. We would like to point out
that Bangkalsland is inhabited by T. wagleri, whereas the nearby Belitung Island, half way between Sumatra
and Borneo is undoubtedly inhabited by (at least) T. subannulatus (see the respective examined materials).

At this place we want to emphasize the still preliminary status of the herpetofauna of the Sunda region.
Nearly every new review is changing the zoogeographical units (Vogel et al., 2004, de Lang & Vogel 2005,
David et al. 2006, Vogel & David 2006, Vogel & van Rooijen, 2007).

It is well known that the fauna of Sulawes shows a strong affinity with the fauna of some Philippine
islands, especially Palawan, and on the other side is well connected to Borneo (de Lang & Vogel 2005). We
will not discussthisin greater detail, as the taxonomic status of T. subannulatuswill be reviewed soon. Never-
theless, specimens living in these three regions are more closdly related to each other than to the other species
(Tropidolaemus wagleri and T. huttoni). We will not discuss here the presence of two species on Sulawesi.
Kuch et al. (2007) did not discuss the sympatry, syntopy or zoogeography of their new species T. laticinctus.

Lastly, the isolated occurrence of T. philippensis on Mindanao is quite problematic. While it is beyond
doubt that this form is different from T. subannulatus, it leads to several questions about its zoogeography.
Brown & Alcala(1970) noted high similarities between the fauna of extreme South Mindanao and the Eastern
and Central Visayas, and supported the hypothesis of an “eastern route” which led to the colonisation of Min-
danao from other Philippine islands. However, only Tropidolaemus subannulatus has been found in eastern
Mindanao. Leviton (1964) failed to notice differences between the Philippine taxa and between Philippine
taxaand T. wagleri respectively. Seemingly, Leviton (1964) did not examine many animals from outside the
Philippines, especialy no specimen from Borneo. Furthermore, Leviton did not examine the name-bearing
types of all forms described from the Philippines, and obviously not T. philippensis.

Because of the likely presence of more than one form on some Philippine islands and of ontogenetic vari-
ation, the morphological analysis of Philippine populations is quite challenging. A thorough discussion on
these populations, as well as on others of the T. subannulatus complex will be presented el sewhere. Neverthe-
less, al are definitely distinct from the species defined here as Tropidolaemus wagleri and T. philippensis.
Thus, the genus Tropidolaemus currently contains five species: T. wagleri, T. philippensis, T. subannulatus, T.
laticinctus, and T. huttoni.

ACKNOWLEDGEMENTS

Gernot Vogel is pleased to thank the Musum national d'Histoire naturelle, especialy Annemarie Ohler and
Alain Dubois, for the opportunity to work there for several months and to get full grants for thistime. A large
part of this paper was achieved there.

REVISION OF THE TROPIDOLAEMUS WAGLERI-COMPLEX. |. Zootaxa 1644 © 2007 Magnolia Press - 37



We are especialy indebted to Alain Dubois for his assistance on homenclatural issues, to Maximilian
Dehling, Henrik Hellemar, Pauli Hien, André Koch, Bjérn Lardner, Jorg Porstmann and Dick Visser for their
help with the pictures, to Andrew McCarthy for checking several characters, to Ruud de Lang and Norbert
Brachtel for interesting discussions.

We thank Wolfgang Béhme (Bonn, Germany), Colin J. McCarthy (London, United Kingdom), Monika
Laudahn and Gunther Kohler (Frankfurt am Main, Germany), Marinus Hoogmoed (Leyden, The Nether-
lands), Alan Resetar and James Ladonsky (Chicago, USA), and James Vindum (San Francisco, USA) for their
assistance in sending or letting us examining preserved specimens.

ML wants to thank the Department of Environment and Natural Resources Philippines (DENR-Region
IV) and their Protected Area and Wildlife Bureau (PAWB), especialy Dir. Ed Galeon, Dir. Mundita Lim and
Dir. Antonio Manilafor their support over the last years, as his studies would be impossible without their sup-
port. Special Thanksto Mr. Jake Gaw and Mr. Matthew D. Yuyek (both Avilon Zoo Montalban) for the oppor-
tunity to study their Tropidolaemus collection at the Zoo.

LITERATURE CITED

Alcaa, A.C. (1986) Guide to Philippine flora and fauna. Vol. X. Amphibians and reptiles. Manilla, Natural Resources
Management Center, Ministry of Natural Resources, University of the Philippines, xiv + 195 pp.

Auliya, M.A. (2006) Taxonomy, life history and conservation of giant reptiles in West Kalimantan. Natur und Tier - Ver-
lag, Minster, 432 pp.

Bleeker, P. (1857) Berigt omtrent eenige Reptilién van Sumatra, Borneo, Batjan en Boero. Natuurkundig Tijdschrift voor
Nederlandsch Indié, (3, part 111), 13, 470-475.

Bleeker, P. (1859) Verdag van reptilién en visschen van Westlijk Borneo, aangeboden door J. H. A. B. SONNEMANN
REBENTISCH. Natuurkundig Tijdschrift voor Nederlandsch Indi&, (4, part I1), 16, 433-441.

Boie, F. (1827) Bemerkungen Uber Merrem’s Versuch eines Systems der Amphibien. Marburg. 1820. Erste Lieferung:
Ophidier. Isis von Oken, 20 (10), col. 508-566.

Boie, H. (No date [ca 1825]) Erpétologie de Java. Manuscript, deposited in the Rijksmuseum van Natuurlijke Historie,
Leiden.

Boulenger, GA. (1896) Catalogue of the Snhakes in the British Museum (Natural History). Volume II1. Containing the
Colubridae (Opisthoglyphae and Proteroglyphae), Amblycephalidae and Viperidae, British Museum (Natural His-
tory), London, xiv + 727 pp., Pls. 1-25.

Brattstrom, B.H. (1964) Evolution of the pit vipers. Transaction of San Diego Society of Natural History, 13 (11), 185—
268.

Brown, W.C. & Alcala, A.C. (1970) The zoogeography of the herpetofauna of the Philippine Ilands, a fringing archipel-
ago. Proceedings of the California Academy of Sciences, (4), 38(6), 105-130.

Burger, W.L. (1971) Genera of Pitvipers (Serpentes: Crotalidae). Lawrence, Kansas, University of Kansas, Ph.D. disser-
tation, 186 pp.

Cramer, D. (2003) Advanced quantitative data analysis. Open University Press, Philadel phia, 254 pp.

Das, I. (2007) Amphibians and Reptiles of Brunei. Natural History Publications (Borneo), Kota Kinabalu, viii + 200 pp.

David, P. (2007) About the cover. Temple Viper, Tropidolaemus wagleri. Adult male and femal e depicted by Ouwensin
1916. Bibliotheca Herpetologica, 7(1), 4-6.

David, P. & Ineich, I. (1999) Les serpents venimeux du monde: systématique et répartition. Dumerilia, Paris, 3, 3-499.

David, P. & Vogel, G. (1996) The snakes of Sumatra. An annotated checklist and key with natural history notes. Edition
Chimaira, Frankfurt—-am—Main, 260 pp.

David, P. & Vogel, G. (1998) Redescription of Trimeresurus huttoni Smith, 1949 (Serpentes, Crotalinag), with a discus-
sion of itsrelationships. Hamadryad, 22 (2), 73-87.

David, P, Vogel, G, Vijayakumar, S.P. & Vidal, N. (2006) A revision of the Trimeresurus puniceus-complex (Serpentes:
Viperidae: Crotalinae) based on morphological and molecular data. Zootaxa, 1293, 1-80.

De Geer (1988) Analyse van kategorische gegevens. Van Loghum Slaterus, Deventer, The Netherlands, 213 pp.

Delang, R. & Vogel, G (2005) The Snhakes of Sulawesi. A field guide to the land Shakes of Sulawesi with identification
keys. Edition Chimaira, Frankfurt am Main, 312 pp.

Dowling, H.G. (1951) A proposed standard system of counting ventralsin snakes. British Journal of Herpetology, 1 (5),
97-99.

Dubois, A. (2000) Synonymies and related lists in zoology: general proposals, with examplesin herpetology. Dumerilia,

38 - Zootaxa 1644 © 2007 Magnolia Press VOGEL ET AL.



Paris, 4 (2), 33-98.

Dubois, A. & Ohler, A. (1996) Early scientific names of Amphibia Anura. Bulletin du Muséum national d'Histoire
naturelle, Paris (4), 18 (A) (3-4), 297-320.

Golay, P, Smith, H.M., Broadley, D.G,, Dixon, J.R., McCarthy, C.J.,, Rage, J-C., Schétti, B. & Toriba, M. (1993)
Endoglyphs and other major venomous snakes of the world. A checklist, Azemiops S.A. Herpetological Data Center,
Aire-Genéve, xv + 478 pp.

Gray, J.E. (1842) Synopsis of the species of rattle-snakes, or family of Crotalidae. Zoological Miscellany, 1, 47-51.

Gray, J.E. (1849) Catal ogue of the specimens of snakes in the collection of the British Museum. British Museum (Natural
History), London, i-xv + 1-125.

Gumprecht, A., Tillack, F, Orlov, N., Captain, A. & Ryabov, S. (2004) Asian Pitvipers, Geitje Books, Berlin, 368 pp.

Gunther, A.C.L.G. (1864) The reptiles of British India. Ray Society, London, xxvii + 452 pp., Pls. 1-26.

Harding, K.A. & Welch, K.R.G. (1980) Venomous snakes of the world. A checklist. Pergamon Press, Oxford: x + 188 pp.

Hoge, A.R. & Romano Hoge, S A.R.W.L. (1981) Poisonous snakes of the world. Part I. Check-list of the pit vipers Vipe-
roidea, Crotalinae. Memorias do Instituto Butantan, 42/43 [1978/1979], 179-310.

How, R.A., Schmitt, L.H. & Suyanto, A. (1996) Geographical variation in the morphology of four snake speciesfrom the
Lesser Sunda Islands, Eastern Indonesia. Biological Journal of the Linnean Society, 59, 439-456.

ICZN (International Commission on Zoological Nomenclature) (1999) International Code of Zoological Nomenclature.
Fourth Edition adopted by the International Union of Biological Sciences, International Trust of Zoological Nomen-
clature, London, xxix + 306 pp.

Iskandar, D.T. & Cadlijn, E. (2001) A checklist of Southeast Asian and New Guinean reptiles. Part |: Serpentes. Biodiver-
sity Conservation Project (Indonesian Institute of Sciences — Japan International Cooperation Agency — The Minis-
try of Forestry), The Gibbon Foundation and Institut of Technology, Bandung, 195 pp.

Jacquinot, H. & Guichenot, A. (1848-1853) Voyage au Pdle Sud et dans I’ Océanie sur les corvettes L’ Astrolabe et La
Zélée; exécuté par ordre du Roi pendant les années 1837-1838-1839-1840, sous le commandement de M. M. J.
Dumont-D’ Urville, Capitaine de vaisseau; publié par ordre du Gouvernement sous la direction supérieure de M.
Jacquinot, Capitaine de vaisseau, commandant de La Zélée. Zoologie. Tome troisiéme. Reptiles et Poissons. Gide &
J. Baudry, Paris, 56 pp.; Atlas Zoologique: Pls. 1-7 (Reptiles), Pls. 1-6 (Poissons).

Note. According to Sherborn & Woodward (1901), the text is dated as 1853, but Plate 2 of the Reptiles appeared in
1848.

Kuch, U., Gumprecht, A. & Melaun, C. (2007) A new species of Temple Pitviper (Tropidolaemus Wagler, 1830) from
Sulawesi, Indonesia (Squamata: Viperidae: Crotalinae). Zootaxa, 1446, 1-20.

Leviton, A.E. (1964) Contributionsto areview of Philippine snakes, V. The snakes of the genus Trimeresurus. Philippine
Journal of Science, 93 (2), 251-276.

Malhotra, A. & Thorpe, R.S. (2004) A phylogeny of four mitochondrial gene regions suggests a revised taxonomy for
Asian pitvipers (Trimeresurus and Ovophis), Molecular Phylogenetics and Evolution, 32 (1), 83-100.

Malkmus, R., Manthey, U., Vogel, G, Hoffmann, P. & Kosuch, J. (2002) Amphibians & reptiles of Mount Kinabalu
(North Borneo), A.R.G. Gantner Verlag Kommanditgesellschaft, Ruggell, 424 pp.

Manthey, U. & Grossmann, W. (1997) Amphibien & Reptilien Sidostasiens. Natur und Tier-Verlag, Minster, 512 pp.

Maslin, T.P. (1942) Evidence for the separation of the crotalid genera Trimeresurus and Bothrops, with akey to the genus
Trimeresurus. Copeia, 1942 (1), 18-24.

Maxwell, S.E. & Delaney, H.D. (1990) Designing experiments and analyzing data. Wadsworth, Inc. California, USA,
902 pp.

McDiarmid, R.W., Campbell, JA. & Touré, T'S.A. (1999) Snake species of the world. A taxonomic and geographical
reference. Volume 1, The Herpetologists' League, Washington DC, xi + 511 pp.

Meulman, J.J., Heiser, W.J. & SPSS (1999) SPSS Categories 11.0. Chicago: SPSS.

Michailidis, G. & De Leeuw, J. (1998) The Gifi System of Descriptive Multivariate Analysis. Satistical Science, 13 (4),
307-336.

Nabhitabhata, J., Chan-ard, T. & Chuaynkern, Y. (2004 “2000") Checklist of amphibians and reptilesin Thailand, Office
of Environmental Policy and Planning (OEPP), Bangkok, Biodiversity Series, 9, 152 pp.

Norusis & SPSSInc. (1993) SPSS Advanced Satistics. Chicago: SPSS.

Orlov N., Ananjeva, N., Barabanov, A., Ryabov, S. & Khalikov, R. (2002) Diversity of vipers (Azemiopinae, Crotalinae)
in East, Southeast, and South Asia: Annotated checklist and natural history data (Reptilia: Squamata: Serpentes:
Viperidag). In: Fritz, U. (Ed.), Collectanea Herpetologica. Essays in honour of Fritz Jirgen Obst. Faunistische
Abhandlungen des Saatlichen Museums flir Tierkunde Dresden, 23, 177-218.

Orlov, N.L., Ryabov, S.A., Nguyen, V.S. & Nguyen, Q.T. (2003) New records and data on the poorly Inown snakes of
Vietnam. Russian Journal of Herpetology, 10 (3), 217-240.

Ouwens, P. (1916) De Voornaamste Giftslangen van Nederlandsch Oost-Indi&, Met een verhandeling over de ver-
schijnselen en over de behandeling van giftigen slangenbeet door Dr. GWKiewiet De Jonge. Boekhandel en Druk-
kerij voorheen E. J. Brill, Leyden: 22 pp., (1), PIs. I-XX.

REVISION OF THE TROPIDOLAEMUS WAGLERI-COMPLEX. |. Zootaxa 1644 © 2007 Magnolia Press - 39



Peters, W.K.H. (1861) Eine zweite Ubersicht (vergl. Monatsberichte 1859 p. 269) der von Hrn. F. Jagor auf Malacca,
Java, Borneo und den Philippinen gesammelten und dem Kgl. zoologischen Museum (Ubersandten Schlangen.
Monatsbericht der Kéniglich Akademie der Wissenchaften zu Berlin, 1861(Juli), 683—691.

Peters, W.K.H. (1872a) Ubersicht der von den Herren M*. G. Doriaund D'. O. Beccari in Sarawack auf Borneo von 1865
bis 1868 gesammelten Amphibien. Annali del Museo civico di Soria naturale Giacomo Doria, (1), 3, 27-45, Pls. 2—
6.

Peters, W.K.H. (1872b) Uber einige von Hrn. Dr. A. B. Meyer bei Gorontalo und auf den Togian-Inseln gesammelte
Amphibien. Monatsber. konigl. Preuss. Akad. Wiss. Berlin, 1861(Juli), 683-691. Monatsbericht der Koniglich Akad-
emie der Wissenchaften zu Berlin, 1872(Juli), 581-585.

Raffles, T.S. (1822) Second part of the descriptive catalogue of a zoological collection madein the island of Sumatraand
its vicinity. Transactions of Linnean Society of London, 13 (2), 277-340.

Schlegel, H. (1826) Notice sur |’erpétologie de I'lle de Java; par M. Baié. (Ouvrage manuscrit). Bulletin universel des
Sciences et de I'Industrie de Férussac (2e Section, Bulletin des Sciences naturelles et de Géologie), 9 (2), 233-240.

Schlegel, H. (1827) Erpetol ogische Nachrichten. Isis von Oken, 20 (3), col. 281-294.

Schlegel, H. (1837) Essai sur la physionomie des serpens. |1. Partie descriptive. J. Kips, H. Hz. & W. P. Van Stockhum,
The Hague, 1-606, i—xv; Atlas. (1-2), Pls. 1-21.

Seba, A. (1735) Locupletissimi rerum naturalium thesauri accurata descriptio, et iconibus artificiosissimis expressio,
per universam physices historiam. Opus, cui, in hoc rerum genere, nullum par existit. Ex toto terrarum orbe collegit,
digessit, descripsit, et depingendum curavit. Tomus I1. Janssonio-Waesbergios, J. Wetstenium & Gul. Smith, Amste-
laedami [Amsterdam]: (32), 1-154, Pls. 1-114.

Shen, S.M. & Lai, Y.L. (1998): Optimally scaled quality-of-life indicators. Social Indicators Research, 44 (2), 225-254.

Sherborn, C.D. & Woodward, B.B. (1901) Dates of publication of the zoological and botanical portions of some French
voyages. - Part |1. Ferret and Galinier’s 'Voyage en Abyssinie'; Lefebvre's 'Voyage en Abyssini€'; 'Exploration scien-
tifiquedel’ Algérie’; Castelnau’s 'Amérique du Sud' ; Dumont d’ Urville's 'Voyage de I'Astrolabe’; Laplace’s 'Voyage
sur laFavorite'; Jacquemont’s 'Voyage dans I'Inde’; Tréhouart’s 'Commission scientifique d’ Ilande’; Cailliaud, "Voy-
age aMéroé'; 'Expédition scientifique de Morée'; Fabre, 'Commission scientifique du Nord'; Du Petit-Thouars, 'Voy-
age de laVénus'; and on the dates of the 'Faune Francaise'. Annals and Magazine of natural History, 7(8), 161-164.

Stuebing, R.B. & Inger, R.F. (1999) A fieldguide to the snakes of Borneo, Natural History Publications, Kota Kinabal u,
1-254.

Taylor, E.H. (1917) Snake and lizards known from Negros, with descriptions of new species and new subspecies. Philip-
pine Journal of Science, (D), 12, 353-381.

Taylor, E.H. (1922) The Shakes of the Philippine Islands. Manila Bureau of Science, Manila, Publication 16, 1-312, Pls.
1-37.

Teynié, A., David, P, Ohler, A. & Luanglath, K. (2004) Note on a collection of amphibians and reptiles from south Laos,
with a discussion of the occurrence of Indo-Malayan species. Hamadryad, 29(1), 33-62.

Thorpe, R.S. (1975) Quantitative handling of characters useful in snake systematics with particular reference to intraspe-
cific variation in the Ringed Snakes Natrix natrix (L.). Biological Journal of the Linnean Society, 7, 27-43.

Thorpe, R.S. (1983) A biometric study of the effects of growth on the analysis of geographic variation: tooth number in
Green geckos (Reptilia: Phelsuma). Journal of Zoology, London, 201, 13-26.

Turan, C. (1999) A note on the examination of morphometric differentiation among fish populations: the Truss System.
Turkish Journal of Zoology, 23, 259-263.

Vogel, G (2006) Venomous snakes of Asia - Giftschlangen Asiens. Edition Chimaira, Frankfurt am Main & Aqualog Ver-
lag ACS, Rodgau, 148 pp.

Vogel, G. & David, P. (2006) On the taxonomy of the Xenochrophis piscator — complex (Serpentes, Natricidae). In:
Vences, M., Kéhler, J., Ziegler, T. & Béhme, W. (Eds.), Herpetologia Bonnensis I1. - Proceedings of the 13th Con-
gress of the Societas Europaea Herpetologica, 241-246.

Vogel, G. & Van Rooijen, J. (2007) A new species of Dendrelaphis (Serpentes. Colubridae) from Southeast Asia.
Zootaxa, 1394, 25-45.

Vogel, G, David, P. & Pauwels, O.S.G. (2004) A review of morphological variation in Trimeresurus popeiorum (Ser-
pentes: Viperidae: Crotalinae), with the description of two new species. Zootaxa, 727, 1-63.

Wagler, J.G. (1830) Natirliches System der Amphibien, mit vorangehender Classification der Saugethiere und Vogel. Ein
Beitrag zur vergleichenden Zoologie. J.G. Cotta Buchhandlung, Minchen, vi + 354 pp.

Welch, K.R.G. (1988) Shakes of the Orient: a checklist. Robert F. Krieger Publ. Co., Malabar, Florida, vii + 183 pp.

Woiister, W & Thorpe, R.S. (1992) Asiatic cobras: population systematics of the Naja naja species complex (Serpentes:
Elapidae) in India and Central Asia. Herpetologica, 48 (1), 69-85.

Wister, W., Yrausquin, J.L. & Mijares-Urrutia, A. (2001) A new species of Indigo Snake from North-Western Venezuela
(Serpentes: Colubridae; Drymarchon). Herpetological Journal, 11, 157-165.

40 - Zootaxa 1644 © 2007 Magnolia Press VOGEL ET AL.



