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REAS SESSMENT OF THE V ALIDITY AND DIAGNOSI S  OF THE PITVIPER 

TRIMERESUR US VENUSTUS VOGEL, 1 99 1  
ANITA MALHOTRA AND ROGER S .  THOR P E  

School of Biological Sciences, University of Wales Bangor, Bangor, UK 

Trimeresurus venustus Vogel,  I 99 I was described from southern Thai land in I 99 1  and 

d i stinguished from the s imi lar T. kanburiensis primarily by the fo l l owing characters : 2 1  
'
scale 

rows at midbody rather than I 9 and less irregular and i ndented supraoculars.  H owever, very few 

specimens of T. kanburiensis were known at  the time of this descripti on, and the name T. venustus 

h as not been universal ly  accepted . Recently, l ive specimens from the type l ocal ity of T. 
kanburiensis in western Tha i l an d  have become avai lable,  a l lowing a reassessment of the status 

- of the southern Thai popu lation.  Phylogenetic analysis of two mitochondrial gene regions 

indicated that specimens from south Thai l an d  are genetical ly quite d istinct from the specimen 

from the type local i ty, and the former are more closely related to T. macrops than to T. 
kanburiensis. We present a multivariate morphometric analysi s of the s i x  specimens of T. 
kanburiensis from the type l ocality that are now known and twenty specimens from southern 

Thai land . Despite the sma l l  sample s i ze, it i s  cl ear that some of the diagnostic characteri sti cs used 

to define T. venustus are inval i d .  W e  conclude that the current evidence i n dicates t hat T. venustus 

is  a valid species,  and present new d iagnostic characters to separate i t  from T. kanburiensis. 
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INTRODUCTI ON 

The genus Trimeresurus ( Serpentes : Viperidae: 
Crotalinae) contains many taxonomi cally vexing issues 
that are still awaiting resolution (Malhotra & Thorpe, 
1 997,  2000) . Recently, molecular data have promised to 
resolve some of these issues. One example is the status 
of the taxa T. kanburiensis Smith 1 94 3  and T. venustus 
Vogel 1 99 1 .  The holotype of T. kanburiensis (a female) 
was collected in 1 93 8  from Kancbanaburi (then known 
as K anburi) province in we stern Thailand (Fig. 1 ) . It 
was at first identified as T. puniceus and only described 
as a new species in 1 94 3  (Smith, 1 94 3  ). It remained the 
only specimen available for the species until the late 
1 980s.  In the interim, confusion d eveloped over the 
identity of this species following specimens of another 
species T. purpureomaculatus, that occurs in the same 
region, being mistakenly labelled T. kanburiensis in 
books and by dealers in the captive trade (see W arrell et 
al., 1 992, for details) . In the late 1 980s, two additional 
specimens, also females, were found in K anchanaburi 
Province (Warrell et al., 1 992) .  Specimens apparently 
referable to the species were also found in southern 
Thailand, in Nakhon Si  Thammarat and Krabi prov
inces. Ironically, some of these specimens found their 
way into the captive trade l abelled " T.  
purpureomaculatus" (Warrell e t  al . ,  1 99 2 ) .  Vogel 
( 1 99 1 )  described this southern population as T. 
venustus, citing the following diagnostic characters to 
separate it from T. kanburiensis: 2 1  scale rows at mid
body rather than 1 9 ; narrower, less indented and 
divided, supraoculars; slighter body and a distinctive 
brownish-red banded colour pattern. 

Co
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However, the name T. venustus has not been widely 
accepted. Among recent checklists of venomous snakes 
it has been listed by Golay et al. ( 1 993) and David & 
lneich ( 1 999) but not by M cDiarmid et al. ( I  999) or the 
EMBL taxonomy database (http://www.embl
heidelberg.de/�uetz/familiesNiperidae.html). 

Specimens of T. kanburiensis that were available to 
Vogel for compari son were in poor condition. The 
holotype of T. kanburiensis is in two pieces and clearly 
bas a section of body and the tail tip missing (also noted 

by Warrell et al. ,  1 992) .  The head is very distorted and 
squashed, with torn skin on one side, and any pattern has 
entirely faded . One of the two additional specimens 
available is also almost in three pieces and the colour 
pattern has faded considerably in both (Wanell et al . ,  

1 992) .  Warrel l  et a l. ( 1 992) doubted that T. venustus 

was a different species to T. kanburiensis, after finding a 

fourth specin1en of T. kanburiensis from K anchanaburi 

province in 1 99 1  (the only male),  in which the colour 
pattern was well preserved and appeared to be identical 
to that of the southern population. 

Further doubt was cast on the validity of T. venustus 
when, during fieldwork in Thailand in the 1 990s we 
found several specimens in the vicinity of the Kllao 
Luang massif, near Nakhon Si  Thammarat (Fig. 1 ) , that 

also had 1 9  scale rows at mid-body. One of these, a 
roadkill, bas since been presented to the Natural History 

Musuem, London (BMNH 2002 .52).  A specimen from 
Surat Thani with the same character state was also seen 
by the senior author at the Queen Savoabba Memorial 
Institute. Therefore, the status of T. venustus required 
further verification (Malhotra quoted in Gumprecht, 
2002a ). Recently, a number of live specimens of T. 
kanburiensis have become available from the type local
ity. One of these (a female) was sent to the authors by the 
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F l G .  I .  M ap of Tha i l and ,  showin g  t h e  l o ca t ion  of specimen s .  
Circles represent specimens referab le  t o  T venustus (with 2 1  
sca le rows at  mid-body);  t r i ang les  i n d i cate t h e  specimens 
from the  south wi th  1 9  scale rows; squares i nd icate  
specimens referred to T.  kanburiensis. The type loca l i t y  was 
not  precise,  referring on ly  to l imestone h i l l s in t h e  v ic in i ty of 
K anchanabur i  n ear the Ten naser im border .  No te  t h at the 
pos i t i on of the  Saiyok mi l i t ary camp where two specimens o f  
T kanburiensis were located,  i s  d i fferen t  from t h a t  i n  F i g .  I 
of Warre l l  et al. ( 1 992), wh ich showed t h e  pos i t  ion o f  Sa iyok  
v i l lage rath er than  t he  m i l i tary camp (wh ich  i s ,  con fu s i ng ly, 
not n ear Saiyok v i l l age). 

owner and is the f irst spe c i men a v a i l a b l e  for DNA 
analysis .  I 1  has since been presented to tl1e Natura l His
tory M useum, London (BMNH 2002 . 5 1  ) .  In  th is  paper, 
we present a phylogenetic analysis of mj1ochondrial  se
quences to e v a l uate  the rel a t i onship of pop u l a t i ons  
referable to T venustus to tha t  from the type l o c a l i ty of 
T kanburiensis. \Ve also evaluate their  morphological  
s imi l arity by eonducting a mult ivari a te morphometric 
analysis  of s c a lation, head shape and c o l our patt ern, 
a long with an analysis of interna l characters (tooth num
bers and posit ion of the maj or i n tern a l  organs) to 
evaluate the d iagnost ic  chara cters proposed by Vogel 
( 1 99 1  ) .  

MA TERI A L S  A N D  M ET H O D S  

O N A  J S OLATION, A M PLIFICATION A N D  SEQUENCING 

Whole genomic DNA was extracted from blood pre
served by the a d d i tion of  5% EDT A and 2-4 ml 
SDS-Tris buffer ( 1 00 mM Tris ,  3% S D S ) ,  or from l iver 
or muscle t issue preserved in 80% ethanol ,  using stand-

ard protocols ( S ambrook et al., 1 98 9 ) .  Cytochrome b 

( c yt b) sequences were obta ined a s  described in 
Malh otra & Thorpe (2000),  NADH d ehydrogenase 
(ND4 ) a s  described in Parkinson et al. (2000) and l 2S 
sma l l  subunit ribosoma l R NA ( 1 2 S )  as described in 
K night & Mindel l  ( 1 99 3  ) .  Unincorporated nucleot ides 
and primers were removed using a variety of  conm1er
c i a l l y  avai l able kits ( e . g .  Prep-a-gene [Biorad] ,  Wizard 
min i c o lumns [Promega ] ,  or QIAquick columns 
[QIAGen ] ) .  The double-stranded product was 
sequenced usin g  dye- lab e l l e d  t erminators (ABI  
P R I S MTM B igDyeTM Termi nator Cycl e  S equencing 
Ready R ea ct ion Kit), and subsequently mn on an ABI 
Prism 3 7 7  automated DNA sequencer. 

P H YLOGENETIC A N A L Y S IS 

M alhotra & Thorpe ( 2000) presented a phylogeny of 
2 1  species of Trimeresurus (sensu la to) based on cyt b 
sequences,  and evaluated the taxonomic value of certain 
moqJhological  characterist ics aga inst this  tree .  On this 
bas is ,  four species groups were defined wi thin 
Trim eresurus sensu stricio, which are d iagnosed by a 

combination o f t.he cond i t i on
. 
of the first upper labial  and 

na sa l  sca le  ( fused or separate)  and the hemipenia l  strnc-
1ure . By these criteria ,  the T kanburiensis!T venustus 

comp l ex is  a part of the a/bolabris species group, a l 
though i 1  i s  qu it e genet i c a l l y  d ivergent and apparent l y  
d iverged eariy i n  t h e  h ist ory of the species group. \Ve 
therefore a n a l yse a number of species from t he 
albolabris species group, as well  as representatives of 
the other three species groups, together witJ1 one speci
men of T. kanburiensis, and four specimens of  T 
venusius, including a l l  three spec imens from the Khao 
Luang area with J 9 scale rows a t  mid -body. A ful l  l i st of 
sequences included and their origins is l i s ted in Table 1 .  

The coding sequences were fi rst  translated into 
amino acid sequences using M E GA version 2 . 1  (K umar 
et al, 200 1 )  to check for the unexpected occurrence of 
stop codons which might indica te  amplifi cation of 
p�uedogenes. The poss ibi l i ty of non-neutral evolutjon 
was tested using a variety of tests impl emented in the 
program DnaSP 3 . 5 1 ( R ozas & R ozas, l 999), including 
M cDona ld  and Kreitman ' s  ( 1 99 1 )  1est, Fu and Li ' s  D* 
and F*,  and their mod ifications for use with an outgroup 
s equence (Fu & Li 1 99 3 ) ,  and Taj ima ' s  D (Taj ima , 
1 989) .  

We used both unweighted parsimony and B a yesian 
M arkov Cha i n  M onte Carlo (MCMC) approaches to re
construct phylogenies, using PAUP* 4 . Ob8 (Swofford, 
200 1 )  and Mr B a yes (Huelsenbeck & R onquist, 2 00 1 )  
respectively. W e  first checked the dataset for homoge
neity of  base composit ion among taxa,  to detect 
problems with the assumption of  a simi l ar underlying 
substitutional mode l .  Parsimony searches were heuris
tic, with starting trees obtained by random addition with 
l 00 repl i cations,  and tree-bi s e ct ion-reconnection 
(TB R )  branch swapp i ng .  Confidence in the inferred 
branches of the optimal trees was obta ined by 
bootstrapping ( 1 000 replication) with the search s trat-



TABLE I .  List of specimens used in the phylogenetic analysis, their geographic origin and GenBank accession numbers. Cat represents the author's specimen catalogue number. 

Species Cat. Location GenBank accession 

nos. ( cyt b, ND4, I 2S) 

Trimeresurus venustus A74 S Thailand, Nakhon Si Thammarat Pr. (Khao Luang) AY289224, AY289230, AY28921 8  

T. venustus A75 S Thailand, Nakhon Si Thammarat Pr. (Khao Luang) A Y289223, A Y289229, A Y2892 l 7 

T. venustus A249 S Thailand, Nakhon Si Thammarat Pr. (Khao Luang) A Y289234, A Y289233, A Y289235 

T. venustus A237 S Thailand. Nakhon Si Thammarat Pr. (Thung Song) A Y289222, A Y289228, A Y2892 l 6 

T. venustus A241 S Thailand, Nakhon Si Thammarat Pr. (Thung Song) AF I 7 1 9 1 4, to come 

T. ka.nburiensis B522 Kanchanaburi Province AFl 7 1 94, AY28923 l ,  AY28921 9  

T. macrops B27 Bangkok AF5 1 7 1 84, AF5 1 721 9, AF5 1 7 1 63 

T. macrops B l 6 1  Cbampassak Prov., S Laos A Y28922 J ,  A Y289227, A Y2892 l 5 

T. stejnegeri A l 60 Taiwan, Taipei county AFl 7 1 896, A Y059593, A Y059539 

T. gumprechti A J 64 NE Thailand, Loei Province AF1 7 1 898, AF1 57224, AF5 1 7 1 68 

T. vogeli B97 NE Thailand, Nakbon Ratchasima Pr. A Y059574, A Y059596, A Y059546 

T. flavomaculatus B3 Phil ippines AFI 7 1 9 1 6, AY059584, AY059535 

T. hageni B33 Thailand, Songkhla Province A Y059567, A Y059585, AY059536 

T. albolabris B6 Indonesia, W Java AFS 1 7 1 86, AFS 1 72 1 3 ,  AFS l 7 1 5 8  

T. albolabris B22 Nonthaburi, C Thailand AFS 1 7 1 89, AFS l 722 1 , AF5 1 7 1 65 

T. albolabris B47 Phetburi Province, W Thailand AF5 1 7 1 87, AF5 1 72 1 6, AF5 1 7 1 60 

T. albolabris A229 N Thailand, Pha Yao Province A Y059566, A Y059583, A Y059544 

T. purpureomaculatus A83 Satun province, S Thailand AF5 1 7 1 88, AF5 1 72 1 8 , AF5 1 7 162 

T. septentrionalis A l OO Nepal, Mahattari District AF l 7 1 909, AY059592, AY059543 

T. insularis 87 Indonesia, West Timor A Y059568, A Y059586, A Y059534 

T. popeiorum A203 S Thailand, Nakhon si Thammarat Pr. AFI 7 1 904, AY059588, AY059537 

T. malabaricus A2 1 8  S India, Tamil Nadu State A Y059569, A Y059587, A Y059548 

T. trigonocephalus A58 SW Sri Lanka AF l 7 1 890, A Y059597, AY059549 

Tropidolaemaus wagleri B l 32 W Malaysia. Perak AF5 1 7 1 9 1 ,  AF5 1 7223, AF5 1 7 1 67 

Protobothrops B l 65 N Vietnam, Nghe An province A Y289226, A Y289232, A Y289220 

mucrosquamatus 
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egy modified to use only 1 0  repl icat ion of the start tree. 
In the Bayesian analys i s ,  start tree s  were random, and 
the time reversible model with gamma distributed rates 
was used. Fom markov chains (tl1Jee heated and a s ingle 
c o l d  chai n) were run for 1 3 7 8  300 generat ions,  s a m
pling every 1 00 trees .  The l ikelihood s cores of a l l  1 3  
7 8 3  sampled trees were plotted against  generat i on 
number and the first 2 1 5  tTees,  representing the burnin 
period before the l ik e l ihood scores approached 
stationarity, were discarded. A majority-rul e  consensus 
tree of the remaining 1 3  5 6 8  trees  was produced in 
PA UP* 4 .0,  and the percent o f  the t ime that the clade 
occu rs among t he samp led !Tees then represents the pos
terior probab i l i ty of that c lade existing. 

M OR P HOMETR t C  A N A L Y S I S  
S ome spec i mens were obtained in t h e  fi e l d ,  an d 

morphometric measureme n t s  and macro-photo graphs 

were ta ken while  the specimens were anaesthet ised .  A s  
well a s  the five specimens of  T kanburiensis ment i oned 

above, another female specimen (UF 6 1 846)  c o l l e ct ed 

in 1 9 8 5  from Pratha t caves  in Erawa n N a t i on a l  P ark 

near K anchanaburi (Fig .  1 )  but mi sta k enly identified a s  

T albolabris, was correctly ident i fied  by the senior au

thor during studies of T albolabris. Thi s  bri ng s  tJ1e final 

number of T. kanburiensis specimens from the type l o

cal ity to s ix .  A l l  spec imens used a re l i sted in Appendix 

1 .  Two o f  the three spec imens col l e c t ed i n  the K ha o  

Luang a rea were roa dk i l l s ;  one was too b a d l y  damaged 

to be included in the  morphological  analysis ,  whi le a n
other a l l owed most scalat ion characters but n ot internal 

or head dimension chara cters to be recorde d .  Two speci
mens without loca l i ty data but with 2 1  s c a l e  rows a t 

mi d- body, were a l so included in the analysis .  

A l i st of characters used and thei r  abbrev i a tions can 

be found i n  A ppen d i x  2.  Al l  morphometri c a n a l yses 

were c a rried out in BMDP D ynamic v .  7.0 (B MDP Sta

t i s t i c a l  S o ftware I n c . ,  Cork, Ire l a n d ) .  M i s s i n g  va lu es 

were subs t i tuted with the group mean (for non-al lomet
ric characters; the south Tha i la nd group exclu ded the 
specimens with 1 9  scale rows at  mid-body) .  For al lom
etric characters, inserted values were estimated by 

regression using conelated l inear measuremen t s .  M iss

ing values were only fi l l ed i n  for characters in which no 

more than 5 0% of specimens in that group had mi ss i ng 

values.  Characters were ilien checked for s ignificant be
tween -group variation and sex ua l d imorp h i s m  with a 
two-way analysis of vari ance (ANOVA) and co-vari
ance (ANCOVA). In ilie case of characters measuring 
banding pattern, specimens with no discernible banding 
( i . e .  B A ND = 0) were excluded, s ince it s e ems l ike ly  
that the  absence of pattern was due to preservation ef

fects .  If no significant sexual dimorphi s m  was present, 
all specimens could be analysed together; a considerable 
advantage given the sma l l  sample s ize . The assumption 
of homogenei ty of variance was checked u sing Levene 's 

test, and the Brown-Forsythe vari a nt o f  the ANOV A, 

wh i ch rel axes this assw11pti on , was used where it was 
violated (Brown & Forsythe , 1 97 4 ) .  

A principal component analysis (PCA) was then car

ri ed out on the chara cters showing s ignifi cant 
between-group differences, excluding those that showed 
sexual  d imorphism in  the case of j oint analyses of both 
sexes.  Although having less  discriminatory power than 
methods that define a priori groups such as canonical 
variate analysis (CV A), PCA i s  to be  preferred in  this 
case since we do not wish to prej udge the distinctness o f  

the groups .  However, PCA does  not  take between-char

acter correl ations into acc ount,  so a l l  size-related 
characters were first adj usted to a common size using 
the pooled within-group slope, with e i ther snout-vent 
length (SVL) or head l ength (LHEAD) as the covariate. 

Included characters were screened for high correlations 
\vith each other (r > 0. 7), which would indicate that they 

do not provide independent information. In CV A, these 
corre lati ons a re taken into account, but in PCA they may 

resu l t  in over-emphasis  o f  the conel ated variables 
(Thorpe, 1 98 3 ) .  I f  thi s  was found, only one of the char
a c ters from the correlated character sets was used in 

PCA . 

A dding internal chara cters can substantial ly improve 
the resolution of taxa (Thorpe, l 979,  l 989) .  H owever, 

internal characters are not particularly useful  for ident i 
fication in  many s i tuati ons and also substantial ly reduce 

ilie sampl e size, as  internal data :vere not avai lable for 
many specimens . Given the general ly poor condition of 

many o f  the specimens from K anchanaburi, many head
shape c h aracters are a lso m iss ing in this group . 

Therefore, two sets of a n a l yses were carried out, the first 
includ ed s c a l a t i on and col our pat1ern chara cters only, 

and the second included all types of characters . If the 

PCA indicated tJrnt the groups were distinct, a discr imi

nant function analysis  was carried out,  u sing the same 

subsets of data as in the PCA ,  in order to find the charac

ters most useful  at d i st i ngu i shing them. 

RES U LTS 

P J- J Y LOG ENETTC ANA LYSIS 
· The final data set  consi s ted o f  26 taxa and J 6 J 2 base 

pairs of sequence data ( 5 8 7  bp from cyt b, 600 bp from 
ND4, and 4 2 5  bp from 1 2 S ) .  The cod ing sequences 
translated into arnino acid sequence without the occur

rence of stop codons, and were easi ly  a l igned by eye . 
The chi-square test for the homogeneity of base frequen
cies showed that base compositi on was not s ignificantly 
different in all taxa included (P=0 . 9 9 ). None of the neu
tral ity tests showed a significant departure from 
neutra l i ty. The mean l ikel ihood s core was -94 1 9  . 2 5 8 1 .  

The mean values for the parameters o f  the model, es
timated by the program, were : base frequencies  (A : 

0.33704,  C: 0 . 3 2 7 2 7 ,  G:  0 . 1 1 34 1 ,  T: 0 . 2 2 2 2 8 ) ,  a lpha = 
0 . 2 1 40 1 1 .  

Most branches in tJ1e group of interest were highly 

supported. These show that whi l e  all specimens from 
south Thai l and are closely related, regardless of whether 
tJ1ey have 1 9  or 2 1  sca le  rows at mid-body, they are very 
distinct from the specimen from K anchanaburi Province 
and indeed are more closely related to T. macrops (Fig. 
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2). Trimeresurus venustus is supported as a distinct spe

cies by this analysis. The relationships of these three 

species with the other species groups is unresolved in 

this analysis, however, and is addressed in a larger 

analysis of Trimeresurus s.s. that includes more species 

(Malhotra & Thorpe, 2004 ). 

MULTI\/ ARIA TE MORPHOMETR ICS 
ANOV A and ANCOV A showed that only a few char

acters that were significantly different between 

localities were also significantly sexually dimorphic. 

These included SCS, TAIL, CLOPOST, VS 1 9  to 1 7, 

HT ANT, and HTPOST. Therefore, to maximise sample 

size, both sexes were analysed together excluding these 

characters. To check the effect that these characters had 

on the discrimination, a parallel analysis on just females, 

with these characters included, was conducted. In no 

case did they noticeably affect the results, and these 

analyses are not discussed further. The final scalation 

and colour pattern character set for PCA included VS2 l 
to 19, DV 1 7  to 1 5 ,  BTWSUP2, LAB3, ROST, GEN

IAL, VENTEDGE, and SCR l .  Unfortunately, one of 

the Kbao Luang specimens (BMNH 2002.52) had some 

damage to the rostral scale and could not be included 

with this dataset. Since the position of these specimens 
is important, the analysis was repeated with ROST re-

100'95 

92/76 

1001>0 T. venustus (A75) Khao Luang 

76!· T. venustus (A249) Khao Luang 

100/100 
T. venustus (A74) Khao Luang 

T. venustus (821l) Surat Thanl 

T. venustus (A241) Thung Song �OCV1D T. venustus (A237) Thung Song 

100'100 T. macrops (B27) C Thailand 

100/78 T. macrops (8161) S Laos 

T. kanburtensls (8522) Kanchanaburl Prov. 

100f100 

T. albolabrls (822) 

T. albolabrls (86) 

T. albolabrls (A221l) 

T. albo/abrls (847) 

T. purpureomaculatus (A83) 

T. septentrlonalls (A100) 

.__ __ T. /nsu/arts (87) 

'------ T. popelorum (A203) 

T. stefnegerl (A160) 

100/86 .----- T. navomaculatus (83) 

'------ T. hagenl (833) 

1DM• .------- T. malabartcus (A218) 

.__ __ T. trlgonocephalus (A58) 

10M9 

0.1 

P. mucrosquamatus (8165) 

'----- Trop. wag/er/ (b132) 

FIG. 2.  Bayesian evolutionary hypothesis of the relationships 
between T. kanburiensis, T. venustus and T. macrops. Despite 
the close morphological simil arity between the former two 
species ,  T. venustus is actual ly most c losely related to T. 
macrops. Branch l engths are proportional to amount of 
evoh1tion, and are averaged over all trees. Figures at nodes 
indicate posterior probabi lities (first) of the clades from the 
Bayesian analysis, foll owed by parsimony bootstrap support 
values. 

moved, so that both specimens could be included. This 

had the effect of s lightly reducing the separation be

tween the groups, but otherwise the difference was 

negligible. While the resulting discrimination clearly 

separated the western and southern population with 2 1  

scale rows, the intermediate position of the specimens 

from the south with 1 9  scale rows cast doubt on their 

distinctness (Fig. 3a ). Since the number of scales at mid

body was influential in the ordination, we investigated 

whether the Khao Luang specimens most resembled T. 
kanburiensis or T. venustus in other characteristics. This 

was done by repeating the analysis with this character 

(VS2 1 to 1 9, which actually measures the position along 

the body where the reduction from 21  to 1 9  scale rows 

occurs) removed. The only marked effect on the dis
crimination was to shift the two Khao Luang specimens 

towards the other southern specimens (Fig. 3 b), thus 

clearly indicating that in other respects they were clearly 

identifiable as T. venustus. Removal of VS 1 9  to 1 7  also 

has a marked effect on the CV A, with the Khao Luang 

specimens grouping with the specimens from western 

Thailand when it was included, but with the other south

ern specimens when it was excluded. Finally, inclusion 

of internal characters (DENT, RKPOST, LKPOST) 

substantially improved the discrimination of the two 

species in the PCA (Fig. 3c) and CVA (not i llustrated).  

In all analyses, the two specimens from an unknown lo

cality clearly grouped with other T. venustus specimens 
as might be expected from their mid-body scale counts .  

These were therefore included within the southern Thai

land population for tJ1e CV A. 

The CV A allowed us to assess which characters con

tTibute to the discrim.ination of T. venustus and T. 
kanburiensis, as well as their mean value, and range. 

Since the use of internal characters substantially reduces 

sample size, the results of the analysis of external char

acters are used in preference. However, internal 

characters that are important in the discrimination when 

all characters are used are also listed. It can be seen that 

the difference in any single character is subtle, with 

largely overlapping ranges (Table 2) . 
T venustus is distinguished from T. kanburiensis in 

both sexes by a scale reduction from 1 7  to 1 5  scale rows 

(DV l  7to 15) that involves scale rows higher on the body 
in T. kanburiensis than in T. venustus (Table 2 ) ,  a 

smaller light blotch on the first dorsal scale row in T 
kanburiensis than in T. venustus (SCR 1 ), a rostral scale 

with a higher ratio (a squarer shape) in T. venustus than 

in T. kanburiensis (ROST). There also tends to be a 

higher number of gulars (GULAR), fewer scales be
tween the rear edges of the supraoculars (BTWSUP2), 

and at least one scale separating the third supralabial and 

the subocular (LAB3) is more likely to be present in T. 
kanburiensis than in T venustus. Of the internal and 

head dimension characters, only the length of the head 
(LHEAD) serves to separate the two species, with T. 

kanburiensis having a relatively longer head than T. 
venustus. Of the sexually dimorphic characters that are 

also significantly different between groups, only the 
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FIG.  3 .  P l ot of first two principal  components for both sex es. 
a) external characters only, including YS2 I to 1 9 ; b )  external 
characters excluding VS2 I to 1 9 ; c) external and internal 
characters. Circles :  T. venustus (with 2 1  scale rows at mid 
body) ; triangles :  southern specimens with 1 9  scale  rows; 
squares:  T. kanburiensis. Empty symbo l s  ind i cate females 
and fi l led symbols  ind icate males. Th e two specimens of 
unknown locality are indicated by arrows i n  3 a  and are c learly 
assignable to T. venustus. They are therefore n o t  h ighl i ghted 
in the remaining figures. 

number o f  subcaudal  scales i s  important, and tends to be 

higher in T venustus. 
Of the characters that help to distinguish between the 

sexes of both species (Table 3 ), the most important is 
relative tail length (TAIL), which is longer in males than 
females.  The number of teeth on the pterygoid bone 

(PTER Y) is a lso sexua l ly  d imorphic with higher num

bers in males than fema les. The scale reduction from 8 

to 6 rows on the tail ( SC8to6) occurs further down the 

tail in males than females, which is associated with the 

length of the ta i l ,  the ventrnl smface tends to be more 
heavi ly blotched and speckled in males than fema les, 
and the position of the front and rear edges of the liver 
(L VANT, LVPOST) occur more posteriorly in males 
than females, as does the anterior edge of the left kidney 

(LKANT). 

D I SCUS SION 

E VALUATION OF D IAGNOST IC CHARACTERS. 

Of the chara cters stated in the description ( Vogel, 
1 99 1 )  to d ist inguish T venustus from T kanburiensis, 

we have shown that the number of scale rows at mid

body is not d iagnostic . It is a lso stated to be sl ighter in 

body shape than T. kanburiensis. The analysis shows 

that this is  only discemible in the sl ightly longer bead of 
T. kanburiensis, which in pract ise may not be a very use

ful diagnostic character. Voge l ( I  99 I )  a l so states that T. 

venustus l ark s the indented, divided and very broad 
supraocu lars found in T. kanburiensis. However, in 

none of the specimens ana lysed were the supraocu lars 

actual ly d ivided .  The width (and l ength) of the 

supraoculars was a l so  not s ignificantly different be
tween the two spec ies . The irregulari ty of the il1ller edge 
of the supraoculars was not included in the analysis  be

cause it  is  difficult to measure in an obj ect ive ma!1ller. 

Wh.ile i t  does appear to be more irregular in the speci
mens of T. kanburiensis examined than in T. venustus, 

this is not always tme .  For examp le , the T. kanburiensis 
spec imen BMHN J 987 .943 has broad supra oculars with 
a . smooth margin, while T. kanburiensis specimens 

BMNH I 988 . 385  and B MN H  2002 . 5 1  have on ly 
s l ightly indented supraocu l ars on one s ide . Many of the 

T venustus specimens examined had at least sl ightly in

dented and irregular inner edges to the supraoculars, and 
so this character may only be useful when expressed in 

i t s  extreme form in each spec ies . Final ly, the spec ies 

were said to differ in colour pattern, in the presence of 
bands and in the ventral surface being more blotched in 
T. venustus, whereas T. kanburiensis was unbanded and 

had a plain or speckled ventrnl surface. However, these 

aspects of colour pattern can now be shown to be an ar

tefact of sma l l  sample size . A l l  the specimens of T. 
kanburiensis from which Vogel obtained this informa

tion have a very faded colour pattern and are females.  

The new spec imens indicate that banding is the nom1 in 
T. kanburiensis as  well ,  and a l though pictures of the live 

spec imens suggest that the colour of the bands may be 

sl ightly different in the t\vo species, this caDllot be con

finned by analysis at present. The difference in ventral 
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TABLE 2 .  Mean values and range o f  morphological characters important i n  multivariate discrimination between T venustus and T 
kanburiensis. Size-related characters are adj usted to a common size of SVL (47.0 cm). Characters are listed in order of magnitude 
of their contribution to the discriminant function, and their abbreviations are explained in Appendix 2 .  

Character T. venustus 

DV 1 7to l 5  3 . 3 8  ( 3 .0 - 5 .0) 

SCR I 0 .39 (0. 1  - 0 .8) 

ROST 0.45 (0 .33 - 0 .58) 

GULAR 6.9 (5 .5  - 9.5)  

BTWSUP2 1 2 .85  ( 1 1 .0 - 1 6.0) 

LAB3 0. 1 5 (0 - 1 ) 

LHEAD 1 9 .74 ( 1 7 .9 - 23 .6) 

SCS ( females only) 56 .08 (50 - 66) 

coloration appears to be due to sexual dimorphism 

rather than being a diagnostic difference . Thus, it seems 

that the diagnosis and characteristics of the two species 

requires redefmition. 

REDESCRIPTION OF VAR IATION WITHJN T 
KANB URJENSJS 

Colour in preservative. The banding pattern seems to 
be easily lost especially after some t ime in formalin 

(Warrell et al. , 1 992), leaving a unifonnly brov.'11 dorsal 

and lateral coloration. In these specimens, the ventral 

surface appears white, a lthough it is still possible to de
tect a pale blotch on the first dorsal scale row, and some 

darker pigment extending onto the edge of the ventrai 

scales. The darker colour a lso extends onto the sublabial 

scales and some of the scale rows between these and the 
genial scales, although i t  may be patchy. Ill better pre

served specimens, darker blotches are visible on the 
head and fom1 irregular bands on the body. 

Colour in life. TI1is description is based on a speci
men freshly preserved in alcohol and on pictures of two 

l iving males and one female specimen from the same 

population. The ground colour of the body is a shade of 

olive or greyish green. The head is heavi ly blotched with 

dull bro\>\'11 or orange brown, and bands of the same col

our occur on the body. The ventrnl surface is creamy 

white. Bro\>\'11 pigment encroaches onto the edges of 

TABLE 3.  Mean values and range of morphological 
characters in T venustus and T kanburiensis which do not 
discriminate among species but dist inguish the sexes. Data 
are for the maximum number of specimens available for that 
character. Size-related characters are adjusted to a corrunon 
size of S VL (42 .0 cm). Characters are l i sted in order of 
magnitude of the F-ratio in the ANOV A/ANCOV A .  

Character Male n Female n 

TAIL 9. 1 5  (± 0.23) 7 6.83 (± 0.22) 1 5  
PTERY 1 4 . 8  ( 1 4-1 6) 6 1 3 .2 ( 1 2- 1 4) 9 
SC8to6 1 6 .4 ( 1 4 .0- 1 8 . 5) 8 9 .9  ( 5 .0-- 1 5 . 5 )  1 8  
DARKVENT 64 .4 (0- 1 00) 8 43 . 1  (0-- 1 00) 1 8  
LVANT 63 .25 (62- 64) 4 6 1 .6 (58-66) 9 
LKANT 1 38 .75 ( 1 33- 1 42) 4 1 35 . 5  ( 1 25- 1 45) 8 
LVPOST 96.5 (9 1 - 99) 4 95 . 1  (93- 1 03) 9 

n T. kanburiensis n 

20 4.0 (3 .5  - 4 .5 )  6 

20 0 . 1 7  (0.0 - 0.2) 6 

1 7  0 .33 (0 .22 - 0.47) 6 

20 8.6 (7 - 9 .5)  6 

20 I 0.33 (9.0 - 1 2 .0) 6 

20 0 .58  (0 - I )  6 
1 9  2 1 .62 ( I  9 .0  - 22 .6) 5 
1 3  5 1 .25 (50 - 52) 4 

some of the ventrnls .  This is more extensive in males 

than females, in which the encroachment is just a sprin

k l ing of brown spots . M ales and females both have 

white or bluish spots on the first dorsal scale row, the 

overall effect being a blurred margin between dorsal and 

ventra l scales.  Labial scales are also scattered with 

white or bluish pigment, and in males are boldly marked 
with nvo or more patches of dark pigment . A broad and 

irregular dark stripe extends from the rear edge of the 

eye, again this is bolder in males than females .  The eye 

is light orange heavily speckled with brown. The tail is 

simjlarly patterned to the body but the colour of the 
bands is brighter than on the rest of the body. One oftbe 

males has a series of white vertebral spots. 

Morphometric and meristic characters. Fema les 

have relatively sho1ier tai ls  than males, and this is also 

reflected in the nW11ber of subcauda ls (ranging in fe

males benveen 50-52,  compared to 6 1  in the male .  

Maximum recorded s ize for females is 58 .2 cm SVL 

compared to 4 1 .5 cm for the male .  The number of ven

trnl sca les varies between 1 72 and 1 77 in both sexes . 

Body scales are keeled, although this may vary from 

weak to strong. Temporal scales and scales on the side 

of the head benveen the temporals and supra labials are 

also usually keeled, as are scales on the rear of the head. 

The ratio of the upper and lower edges of the rostral 

scale varies benveen 0.2 and 0.5 (note that this character 

is not noticeably a l lometric as it is not correlated with 

any linear measurement on the head or body). 
Supralabials vary between 10 and 1 1  and sublabials be
tween 1 1 - 1 3 . The minimum nW11ber of scales between 
supraocul ars varies between 7-9 and there are 9- 1 2  

scales benveen the posterior edges o f  the supraoculars. 

The number of scales between the nasals and shield bor

dering the anterior of the pit varies between 0 - 1 and 

there may be up to one scale between the internasais. 
The third supralabial may be separated from the 

subocular by up to one scale, but there is always one 

scale between the fourth and fifth supralabials and the 

subocular. The supraoculars may be heavily indented on 

the inner margin with the adjacent head scales, making 

the edge appear very uneven and irregular. However, a 

few specimens have regular supra oculars, and they may 

also be very broad. A few specimens have a suture run-
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a) b) 

FIG.  4 .  Comparison of scalation features o f  the head i n  a) Trimeresurus k.anburiensis and b )  Trimeresurus venustus. There tend t o  
b e  fewer scales between t h e  rem· edges o f  the s uprao c u l ars, a n d  there is  more l ikely t o  be a t  l east one s c a l e  between the th ird 
supralabial  and the subocular, in T. k.anburiensis t h an in T. venustus. Although the l atter is not apparent in t h e  specimen pictured, 
there is a di stinctly narrower porti on of the first l ab ial in  contact with the subocu lar than in  T. venustus. In addit ion,  note that the 
inner edges of the supraoculars are not necessari l y  more indented in T. kanburiensis than in T venustus, contrary to the original 
d escription of T venustus. 

ning parti ally across the scale, but tbe supraoculars are 
never completely divi d e d .  There are always 1 9  scale 

rows at  mid-body, with the reduction from 2 1  to 1 9  scale 
rows occuning between l 0 and 28% o f  t11e distance be

tween the first ventral scale and the anal scale. Some of 
tJ1ese scalation patterns are i l lustra ted in Fig. 4 a .  There 

are 2-3 postocular scales ,  5 - 8  scales b ordering the 

subocular scale (not cow1ting tlle pre- and post-ocul ars) 

and 1 2 - 1 4  teeth on the pterygoid and 1 2- 1 5  on the 

dentary bone. 

R EDESC R I PTION OF VAR I A T ION W iTH IN T VENUSTUS 

Colour in preservative. Some specimens have a uni
formly dark dorsal and lateral coloration. This is  almost 

certainly a preservation effect since no specimen of T 
venustus without bands has ever been found (aliliough 
one aberrant striped indi v i dual has been recorded:  

Gu111_precht, 2002b ) .  The ventral surface appears white, 

with a pale blotch extending onto some scales of the first 

dorsal scale r�w, and some darker pigment extending 

from the dorsal surface onto the edge of the ventral 

scales. In better preserved specimens, darker blotches 
are visible on t11e head and form irregular b ands on the 

body. Supralabials are lighter tllan the rest of the head, 

but may have a number of darker b lotches (usually no 

more than one) . Sublabiai scales are generally white and 

unmarked,  a l though li1 s ome specimens they appear 

darker. 

Colour in life .  This description is  based on macro

photographs of five specimens (one male, four females) 

captured alive in south Tha i land. The groU11d colour of 

the body is  dull olive or bluish-green (male) to grass-

green (female) . The head is heavily blotched with dull 

brown, and bands of the same colour occur on the body. 

The ventral surface is  a slinilar, slightly l ighter colour, 
than the dorsa l surface. Brown pigment encroaches onto 
the edges of some of the ventrals ,  although the extent of 

the encroachment is variable and some females have vir

tually immaculate ventral scales .  Males and females 

both have a white spot on the first dorsal scale. row, 

which is more regular than in T kanburiensis and there

fore fonns a clear margin between the dorsaland ventral 

scales although in the male there are also white flecks on 

some venti_-al scales. The labials are the same green col
our as tl}e rest of the dorsal surface, and in both sexes are 
boldly marked with at least one brown patch. A broad 
and irregular dark stripe may extend from the rear edge 

of the eye, not appearing to be different in intensity in 
males and femal e s .  The eye is l i ght  orange heavily 

speckJed wit11 brown. The tail is patterned and coloured 

identically to the body. 

Mo1phometric and meristic characters. Females 

have relatively shmier tails than mal es,  also reflected in 

fue number of subcaudals (ranging in females between 

50-66,  compared to 68-72 in males) .  Females reach a 

slightly larger size than males but this  is not a marked 

difference (maximum recorded 4 8 . 6  cm SYL compared 

to 4 3 .4 cm for males) . The number of ventral scales var
ies between 1 66 and 1 8 3 in both sexes. B ody scales are 

always keeled, with a range from weak keeling to strong 

keeling. Temporal scales, scales between the temporals 

and supralabials, and scales on the rear of the head are 

also weakly to strongly keeled .. The ratio of the upper 

and lower edges of the rostral scale varies between 0.3 

and 0 .6  (note that this character is  not noticeably allom-
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etric as it is not  correlated with any linear measurement 
on the head or body). Supralabials vary between 9 and 
1 1  and sublabials between 1 0- 1 3 .  The minimum number 
of scales between supra ocu l ars varies between 6- 1 0  and 
there are I 1 - 1 6  scales between the posterior edges of the 
supraoculars. The number of scales between the nasal s  
and shield bordering the anterior of the p i t  varies be
tween 0 and I ,  and there may be 0- 1 internasal scal e .  
There may b e  u p  to I scale between tl1e third a n d  fourth 
supralabial and the subocular, and 1 -2 scales between 
the fifth supralabials and the subocular scale.  The im1er 
edge of the supraoculars may be smooth or slightly in-

. dented by the adjacent head scales (especial ly towards 
the rear of the scale) .  There may be 2 1  or 1 9  scale rows 
at mid-body, with the reduction from 2 1  to 1 9  scale rows 
occuning between 59 and 67% of the distance between 
tl1e first ventral scale and the anal scale  in the former 
case, or between 4 . 5 - 2 3 %  of this d is tance in the latter. 
There are 1 -4 postocular scales, 5 -8 scales bordering the 
subocular scale (not counting the pre- and post-ocular's) 
and 1 2- 1 6  pterygoid and 1 3 - 1 6  dentary teeth. S ome of 
the head scalation patterns are i l lustrated in Fig 4b. 

DIAGNOSIS 

T. kanburiensis can best be d is t inguished from T. 
venustus by its coloration, which is always Jess saturated 
in the former (Fig.  5 ) .  The ventrnl col our is white or 

cream ra ther than a shade of green.  M al e s  also have 
more boldly mark ed labial scales in T. kanburiensis. 
The white latera l stripe is  less obviou s in T. 

kanburiensis, appearing rather a s  a blurring of the 
bow1dary bet>veen dorsal and ventral colora ti on .  Theni 
is  no single scalati on character that can unequivocally 
di stinguish between the two spe c i e s .  H o wever, the 
rostrnl tends to be more triangular in shape, there tends 
to be fewer scales between the rear edges of the 

F IG .  5. Top: Male  T. kanburiensis from K anchanaburi 
province, Thai land . Photo: K amphol  Udomritthiruj 
(AquariCORP,  Thai land) .  Bottom: female T. venustus, 
Nakhon si Thammarat province, Thailand (A. Malhotrn). 

supraoculars, and more l ikely to be at least one scale 
between the third supralabial  and the subocular, in T. 
kanburiensis than in T. venustus. The scale reduction 
from 1 7  to 1 5  scale rows (the most posterior on the 
body) is more l ikely to involve higher scale rows in T 
venustus than in T. kanburiensis. 

COMPARISONS 

A lthough this paper is focused primarily on the spe
cies T. kanburiensis and T. venustus, Vogel ( 1 99 l )  has 
provided d i agnost i c  characters to separate T. venustus 
from some otl1er species with which it co-occurs and/or 
has been confused in the past .  These include T. 

pwpureomaculatus, T. erythrurus, T. macrops and T. 
albolabaris, T. popeiorum, T. stejnegeri and T. 
sumatranus. The first four of these are a l l  members of 
the albolabris group (sensu Malhotra & Thorpe, 2000 ) .  

Vogel ( 1 99 1 )  stated t h a t  T .  venustus could b e  separated 
from members of the albolabris group by separation of 
the first supralabial shield from the nasal shield.  H.ow
ever, this is incorrect . Jn fact i t  is very rare that these 
scales are not fused t o  some extent in both T. venustus 
and T. kanburiensis. Only one out of tbe 2 6  speci 111e1 s 
examined had a comp l etely divided nasal and first labial  

scale, and even this only showed this character state on 

one s ide .  Thus this character actual ly serves to d iagnose 

T venustus/T. kanburiensis from all other Trimeresurus 
species excep t  members of the albolabris gro u p .  
Trimeresurus purpureomaculatus is  very distinctive and 

Wanell et al . ( J 992) have prov ided a t a b l e  of characters 

that serves to distinguish this speci es from T. ven ustus/ 

T. kanburiensis. Trimeresurus e1ythrunis can be d ist in
gu ished by a higher n umber of scales at  m.id body (23  
and above), and is  not  currently knO\Nll to over l ap in 

range with T. kanburiensis, al though this  i s  pos s i b l e .  
H owever, confusion with T .  albolabris and T. macrops 

i s  st i l l  l ikely, especia l ly in preserved spec i mens of T 
venustus which have 2 1  scale rows at mid-body and in 
which the distinctive banding pattern has fa d e d .  

Trimeresurus albolabris ma y be distinguished by i ts 
narrow supraoculars and larger head, but T. macrops i s  

simi lar to T venustus in head shape and in  havi11g broad 

supraoculars.  Trimeresurus macrops can be d istin
guished by a number of sca lation differences (Table 4) 

such as the scale reduction from I 0 io 8 rows on the tail 
( S C I  Oto 8)  and from 6 to 4 rows (SC6to4) occurring fur
ther towards the tip and a i ower ventral scale  c ount 
(VSC). A lthough the range of T macrops d oes not ap
p e ar to overlap with that of either T kanburiensis or T 
venustus according to Regenass & Kramer ( 1 9 8 1  ) , in 
fa ct  i t  has a much wider distribution ( V iravan et al . ,  

1 992 ;  personal observation). 

DISTR J B UTION AND NATURAL H ISTORY 

Based on verifiable records ,  T. ven us tus and T. 

kanburiensis are presently known only from Thai iand.  
Trimeresurus kanburiensis i s  known from the western 
province of Kanchanabmi,  which is  on the border with 
M yanmar, and i t  seems l ikely that it will also be found in 
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TABLE 4.  Mean values and range of scalation characters distinguishing between T. venustus (with 2 1  scale rows at mid-body) and 
T. macrops (from central and northeastern Thailand), but are not sexually dimorphic.  Data are for the maximum number of 
specimens available for that character. Characters are listed in order of magnitude of the F-ratio in the ANOV Al AN COY A. 

Character T venustus 

SC1 0to8 5 . 1 5  (2 .9-8 .3)  

DV 1 7to 1 5  3 .28  (3-4) 

vsc 1 74 .4 ( 1 66--1 83) 

BSCK 0.9 (0.5-1 ) 

VENTED GE 8.2 ( 7-9) 

SC6to4 62 . 7  (50.9-7 1 .8) 

SOCBORD 6.4 (5 .5- 8) 

Dv2 1 T0 1 9  3 .9 (3 .5-5) 

Myanmar eventually. A lthough precise localities are not 
available for some specimens, a l l  specimens with known 
localities come from a relatively short distance around 

the provincial capital Kanchanaburi .  I n  the course of 
searching for the species, we found very few vil lagers 
who recognised pictures of them; those who did were 
engaged in bamboo cutting in the limestone hills. This is 

in accord with the detai ls in Warrel l  et al. ( 1 992) which 
describes the case history ofa woman who was bitten by 
this species while cutting bamboo. The scarcity of the 
species until recently is more likely to be due to the fact 

that they are confined to higher parts of these hills, and 
may also have a tinuted activity period since these hills 

get extremely arid during the dry season. 
T venustus is currently only known from the southern 

provinces of Nakhon S i  Thammarat, Surat Thani and 
K.rabi .  Considering the popularity of T venustus in cap
tivity, it is surprising how little has been written about its 
natural history, possibly because almost all captive 
spec imens have been bought from dealers. In December 
J 997, the authors were taken to a l imestone outcrop near 

Thung Song, where local people often find the snakes 

while collecting forest produce. After a short but diffi
cult vertical c limb, four specimens were found in a very 
small, sl ightly more level, area . A l l  were coiled in an 
alert posture on rocks, and did not seem alanned by our 
arrival .  A final specimen was found under a rock near 
the base of the outcrop on our descent. This suggests 
that the species are primarily ground-l iving ambush 
hunters, and that they are not high altitude species as 
suggested by Vogel ( 1 99 1 ) . A l though some specimens 
have been found on the outskirts of the Khao Luang 
massif, these were not at any great elevation. One was 
found at the base of a tal l  limestone cliff, the others 

(roadkills) were found on narrow roads passing through 
rubber plantations. Bulian (200 l )  describe his observa

tions of the species, which l argely agree with our 
observations above. He also adds that they can be fow1d 
up to 700 m above sea level, although much more com
mon at lower altitudes,  and can be found in high 

densities in particular localities, often narrow shaded 

and hun'lld valleys with rocky substrate. He mentions 
that they are mostly diurnal, although they may also be 
active during the night, and are particularly active after 

rain. 

n 

1 7  

1 7  

1 7  

1 7  
1 7  
1 7  
1 7  
1 7  

T. macrops 11 

9. 1 7  (5 . 8-1 3 .6) 1 5  
4.26 (3 . 5- 4 .5) 1 5  

1 66. 1 ( 1 5 9- 1 73)  1 5  
0.6 (0 .5 - 1 )  1 2  
7 .4 (7- 8.5)  14 

73 .0 (60. 1 - 85 .9) 1 5  
7 .2  (5 .5- 9) 15 

4 .3  (3-5) 1 5  

It has been speculated that the presence of limestone 
hil ls almost t}u·oughout the peninsula between the loca

tions of the known distributions of the two species 
suggests that they may also be present here. In tlUs case, 

it would be interesting to see where the distributions of 
the two species meet. However, increasing numbers of 
herpetological surveys in the region (Grossman & 
Tilllack, 2002; Pauwels et al.,  2000) have so far failed to 
find any evidence of these species in other southern 

provinces. 
Note added in proof Since tllis paper was accepted, 

changes to the taxonomy of the species discussed within 

have been made. The new generic names can be fow1d in 
Malhotra & Thorpe (2004) .  
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APPENDIX l 

SPECIMENS USED IN THE M ORPHOLOGICAL 
ANALYSIS 

Museum abbreviations are as follows: UF: State Uni

versity of Florida at Gainesville; BMNH: the Natural 

History Museum, London; PSGV :  Gemot Vogel ' s  pri

vate collection; AFS : author's field collection number. 
Figures in parentheses are the number of males and fe
males respectively. The holotype of T. kanburiensis is 

indicated in italics. 

K A NCHANABUR ! P ROVINCE 

No precise locality: BMNH 1 94 .6. 1 . 8. 9 1  (F); B MNH 
2002 . 5 1 ;  Era wan National Park (Prathat Caves): 
UF6 J 846 ( J F) ;  SaiYok Military Camp: BMNH 

1 987 .943 (F), B MNH 1 992 .535 ;  Tanousri, 25  km 
NW ofKanchanaburi : B MNH 1 98 8 .3 8 3  (F) .  

NAKHON S J  THA M M A R A T  P ROVJNCE 

Thw1g Song: PSGV 220-222 (2M,  1 F), B MNH 

1 988 .384-386 ( J M, 2F) ;  B MNH 1 987 .944 ( J F) ;  

AFS97B .8- 1 2  (2M, 3F) ;  Khao Luang area :  B MNH 

2002 .52 (M), AFS4 (F). 

KRABI  P ROVINCE 

BMNH 1 992 . 536-539 ( J M, 3F) .  

NO LOCALITY 
UF (uncatalogued) (2F).  

APPENDIX 2 

MORPHOLOGICA L  CHARA CTERS USED, AND 
THEJR ABBREVIATJONS. 

( A )  SCA LATION 

Scale counts recordable on both sides of the body 

were averages of right and left counts. 

VSC: the number of ventral scales (VS), not including 
anal scale, recorded by the Dowling ( 1 95 1 )  method 

( i . e . the first VS is the one which contacts the first 

dorsal scale row on both sides). 
SCS: the number of pairs of subcaudal scales. Any un

paired scales are treated as a pair. 
SUPLAB : the number of supralabials on the left and 

right hand side. 
SUB LAB : the number of sublabials on the left and right 

hand side. 
POSTOC: number of postocular scales. 

PREOC: number of preocular scales. 

B ORSUPOC: the number of scales bordering the 

supraocular scales, not counting pre- or post-oculars. 

BTWSUPOC I : the minimum number of scales between 

the supraoculars. 

BTWSUPOC2 : the number of scales between the poste

rior edge of the supraoculars. 

JNTNAS: the number of scales separating the internasal 

scales. 
NASPIT: the number of scales between the nasal and the 

scale bordering the anterior edge of the pit (formed 
by the fused second supralabial and loreal scale). 

LABNAS :  the degree of fusion of the first supralabial 
and nasal scale ( I :  fully fused, 0: not fused). 

LAB3 :  minimum number of scales separating 3rd 

supralabial and subocular. 
LAB4 : minimum number of scales separating 4th 

supralabial and subocular. 

LAB S :  minimum number of scales separating Sth 

supralabial and subocular. 
ROST: the ratio of the anterior margin of the rostral 

scale to the posterior margin. 
SOCBORD: the number of scales bordering the 

subocular scale (not including pre- or post-oculars). 

BSCK :  the keeling of scales at mid-body. 

KTEMP:  the keeling of the temporal scales. 

KHEADSC: the keeling of the scales on the back of the 

head. 

VENTEDGE: the number of scales between the edge of 
the mouth and the ventral scales, starting at and in

cluding the last sublabial .  

GULAR: the number of scales between the first ventral 
(see above) and second pair of sublabials (which 

meet ventrally) . 

(8) SCALE REDUCTION FORM ULA 

Recorded as a series of characters, each refering to a 

specific reduction. Each position \Vil! have two charac
ters, the dorso-ventral (DY) position of the reduction 

(the lowest of the two merging scale rows), and the ven
tral scale (YS) position (counted from the head), which 

is the ventral scale to which the scale reduction traces di

agonally. Before analysis, the VS position was 
transformed into the percentage of the total number of 

. ventral scales (% YS), to control for variation. 

YS23to2 I :  ventral scale position of the reduction from 
23 to 2 1  scale rows. 

DV23to2 l :  dorsoventral position of reduction from 23 
to 2 1  scale rows. 

YS2 l to 1 9 : ventral scale position of the reduction from 
2 1  to 1 9  scale rows. 

DY2 l to J 9: dorsoventral position of reduction from 2 1  

to 1 9  scale rows. 
YS 1 9to J 7: ventral scale position of the reduction from 

J 9 to 1 7  scale rows. 

DY 1 9to 1 7 : dorsoventral position of reduction from 1 9  

to 1 7  scale rows. 

YS 1 7to 1 5 : ventral position of the reduction from 1 7  to 

1 5  scale rows . 
DY J 7to 1 5 : dorsoventral position of reduction from 1 7  

to 1 5  scale rows. 
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SC I Oto8 : subcaudal scale position of the reduction from 

1 0  to 8 scale rows . 

DV 1 0to8 : dorsoventral pos ition of reduction from 1 0  to 
8 scale rows. 

SC8to6: subcaudal sca le position of the red uction from 
8 to 6 scale rows. 

SC6to4: subcaudal scale position of the reduct ion from 
6 to 4 scale rows. 

(C) BODY DIMENSIONS 
All  measmements are made on the right side of the 

head only unless this was damaged , in  which case they 
were done on the left. 

S V L: d istance between the t ip of the snout a nd the 

c loaca . 
TA I L: d istance between the anterior edge of the first 

subcaudal scale and the tip of the tail . 

W HEAD: width of the head measured between the outer 

edges of the supraoculars .  
. 

L H EA D :  length of the head measured betvveen the tip of 

the snout to the posterior edge of the l ower jawbone . 

DEYE:  diameter of the eye measured bet ween the edges 

of the scales sunounding i t .  
E Y E2NOS:  d i stance between t he e y e  a nd t he nostri l ,  

measured between the  sun1re between the second and 

third preocular ( from the bot1om) and the inner edge 

of the nostr i l . 

W UPOC : the width of the supra oc n la rs measured in 

mm. at  the widest part . 

LSUPOC: the l ength of the supraocu lars measured in 

mm. 

W J NTNA S :  the width of the internasa ls ( i n  mm). 

(D) I NTERNAL CHARACTERS 

VS positions are transformed to % YS before 
analaysis (see scale reductions).  

PTER Y :  the number of pterygoid teeth. 
DENT: the number of dentary teeth. 

H T  ANT: VS position of the thyroid gland. 

H TPOST: VS position of the rear edge of the ventricle . 

L VANT: VS position of the anterior tip of the liver. 
L VPOST: VS position of the tip of the superficial lobe 

of the liver. 
RKANT: VS position of the anterior tip of the right kid

ney. 
C LOPOST: SC position of the posterior tip of the 

cl oaca!  gland in the tai l  base ( females only) . 

( E )  COLOUR PATTERN 
STRIPE: presence of a lateral stripe ( 0, asbent; I ,  indis

tinct;  2, distinct). 
SCRSTR : number of sca le rows involved in stripe. 

OCSTRJPE:  presence of postocular stripe (0, absent ; I ,  
indistinct;  2,  distinct ) . 

SCROC: number of scale rows involved in postocular 

stripe . 
BAND: the number of bands ( counted on the right side) 

between the head and vent .  

WBAND: tl1e average width of three bands at mid-body, 

com1ted in numbers of scales covered . 

W G A P :  the average width of the gap between three 

bands at mid-body, counted in numbers of scales cov

ered. 

SCR I : the proportion of the first scale row covered by 

the l ight area .  

DARK V ENT: tl1e percentage of ventra l scales with dark 

p igment 


