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A B ST R A CT 

Pantepui s.l. is a remote, biodiverse region of ~400 000 km2 containing at least five endemic reptile genera and a number of ancient vertebrate 
lineages. Here, we describe an additional endemic snake genus and species, Paikwaophis kruki gen. nov., sp. nov. (Dipsadidae: Xenodontinae), 
recently collected in the Pantepui cloud forest that sits at the base of the steep cliffs of Roraima-tepui and Wei-Assipu-tepui (table mountains of 
the Eastern Tepui Chain) in Guyana, South America. Multilocus molecular data strongly support Paikwaophis gen. nov. to be most closely re-
lated to Xenopholis Peters, 1869, although both genera are strikingly different morphologically. Osteological and other phenotypic data suggest 
that Paikwaophis is semi-fossorial; its diet includes minute lizards. Paikwaophis is currently the only known Pantepui endemic snake genus. The 
immature female holotype is the only known specimen.

Keywords: anatomy; BDNF nuDNA gene; c-mos nuDNA gene; cytb mtDNA gene; Guiana Shield; Guyana; 12S rRNA gene; 16S rRNA gene; 
ND4 mtDNA gene; osteology 

I N T RO D U CT I O N
With almost 1600 described snake species, the Neotropics are 
seemingly richer than any other tropical region (Raven et al. 
2020). The family Dipsadidae (or as Dipsadinae, a subfamily of 
Colubridae, e.g. Pyron et al. 2011) currently contains > 800 ex-
tant species (Uetz 2022) and is the largest radiation of American 
snakes, with most genera occurring in the Neotropical region 
(Vidal et al. 2010, Grazziotin et al. 2012). Phylogenetic studies 
of the Dipsadidae have been based mostly on molecular and 
hemipenial characters to resolve supra- and intergeneric rela-
tionships (e.g. Vidal et al. 2010, Grazziotin et al. 2012, Zaher and 
Prudente 2020).

Located in the western Guiana Shield (Fig. 1), Pantepui 
(Mayr and Phelps 1967, McDiarmid and Donnelly 2005, 
Kok 2013) is a distinctive Neotropical palaeosurface 

(pre-Pleistocene landscape) that has been shaped by the 
physical erosion and deep chemical weathering of the exten-
sive Roraima Supergroup (Priem et al. 1973, Briceño et al. 
1990, Gibbs and Barron 1993, Santos et al. 2003). The term 
Pantepui was originally coined by Mayr and Phelps (1967) 
to characterize the high-elevation, meso- or microthermic 
life zones (>  1500 m a.s.l.) of the Guiana Shield highlands 
(Huber 1995). To reflect the biogeography and the biotic 
interactions in the area better, some authors extended this 
arbitrary definition to include the intervening lowlands and 
uplands, covering an area that probably corresponds roughly 
to a former ancient, large continuous plateau that was grad-
ually eroded and dissected into many isolated table moun-
tains locally called ‘tepuis’ (e.g. Steyermark 1979, 1982, Kok 
2010, 2013). Pantepui is traditionally seen as one of the most 
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important centres of endemism in the Neotropics (Berry et al. 
1995, Davis et al. 1997). However, although this mostly pris-
tine region is renowned for high endemism and biodiversity 
(in particular, at genus and higher ranks of amphibians and 
reptiles), with the co-occurrence of several early branching 
lineages, it is often neglected as a cohesive ecoregion (e.g. 
Olson et al. 2001). A Pantepui origin, with subsequent dis-
persal to the lowlands, has been assumed or demonstrated 
in some amphibians, and the region seems to have acted as a 
source and sink for Neotropical biodiversity (e.g. Kok 2013, 
Kok et al. 2017, Vacher et al. 2017, Fouquet et al. 2021). 
Pantepui currently harbours one endemic amphibian family 
(Ceuthomantidae; Heinicke et al. 2009), one endemic lizard 
subfamily (Riolaminae; Kok 2015), eight endemic amphibian 
genera (Ceuthomantis Heinicke, Duellman, Trueb, Means, 
MacCulloch and Hedges, 2009, Dischidodactylus Lynch, 1979, 
Metaphryniscus Señaris, Ayarzagüena and Gorzula, 1994, 

Minyobates Myers, 1987, Myersiohyla Faivovich, Haddad, 
Garcia, Frost, Campbell and Wheeler, 2005, Nesorohyla 
Pinheiro, Kok, Noonan, Means, Haddad and Faivovich, 2018, 
Oreophrynella Boulenger, 1895 and Stefania Rivero, 1968; 
Boulenger 1895, Rivero 1968, Lynch 1979, Myers 1987, 
Señaris et al. 1994, Faivovich et al. 2005, Heinicke et al. 2009, 
Kok 2009a, 2013, Kok et al. 2016, 2017, Pinheiro et al. 2018) 
and five endemic reptile genera (Adercosaurus Myers and 
Donnelly, 2001; Kaieteurosaurus Kok, 2005; Pantepuisaurus 
Kok, 2009; Riolama Uzzell, 1973 and Yanomamia Pellegrino, 
Brunes, Souza, Laguna, Ávila-Pires, Hoogmoed and 
Rodrigues, 2018; Uzzell 1973, Myers and Donnelly 2001, 
Kok 2005, 2009b, 2015, Pellegrino et al. 2018). This does not 
include several still undescribed putative genera of frogs and 
lizards as reported by McDiarmid and Donnelly (2005), and 
P.J.R.K. is working on the description of two new endemic am-
phibian families (Fouquet et al., in prep.), three new endemic 

Figure 1. Map of the Pantepui biogeographical region and its location in South America (lower left inset). The red arrow points to a white 
rectangle depicting the area shown in Figure 2.
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amphibian genera (Fouquet et al., in prep.; Recoder et al., in 
prep.) and one new endemic lizard genus (Kok et al., in prep.) 
from the region.

A series of table mountains in Guyana trends from south-east 
to north-west along the border with Brazil and Venezuela. Rising 
to >  2800 m a.s.l., the queen of these mesas is Roraima-tepui 
[of Arthur Conan Doyle’s (1912) Lost World fame], on whose 
summit the borders of all three countries meet. Because of their 
remoteness and summit-fringing cliffs, the summits have been 
explored mostly by helicopter expeditions, but the main species 
richness occurs in the dense cloud forests on tepui flanks, which 
can often be accessed only by foot. Since 2003, we have been con-
ducting herpetological biodiversity research during five exped-
itions into the headwater tributaries of the Paikwa River drainage 
basin between Roraima-tepui and its eastern sister tepui, Wei-
Assipu-tepui. On a 2021 herpetological/climbing expedition to 
the summit of Wei-Assipu in Guyana (Synnott 2022), 138 spe-
cimens of anurans, 13 lizards and nine snakes were collected on 
an elevational transect from Double Drop Falls to the base of the 
vertical cliffs of Wei-Assipu-tepui (Fig. 2). Among these speci-
mens was a small dipsadid-like snake that could not be assigned 
to any known Colubroidea genus based on external morphology.

To assess the molecular phylogenetic position of this en-
igmatic snake, we estimated maximum likelihood (ML) and 
Bayesian phylogenies for a representative set of Dipsadidae using 
a multi-gene alignment including our specimen. We also µCT-
scanned (µCT  =  micro-computed tomography) and analysed 
the osteology of the putative new taxon. Based on these data, we 
conclude that this peculiar snake should be described as a new 
genus and a new species of Dipsadidae (Xenodontinae), namely 
Paikwaophis kruki.

M AT E R I A L S  A N D  M ET H O D S

Molecular data
Tissue sampling and DNA extraction, amplification and sequencing

Genomic DNA was isolated from a small tissue sample taken 
from the preserved specimen (whole animal fixed in 99% 
ethanol in the field). The tissue sample was immediately di-
gested overnight at 56°C in a solution of 5 μL of proteinase 
K and 100 μL of lysis buffer (100  mM NaCl, 100  mM Tris, 
25 mM EDTA and 0.5% SDS). DNA extraction was performed 
using Sera-Mag SpeedBeads (Thermo Fisher Scientific) at a 
concentration of ~1.7× (105 μL of digested tissue to 180 μL 
of beads) and eluted into 200 μL of 10 mM Tris buffer. Using 
polymerase chain reaction (PCR; for primers and PCR condi-
tions, see Table 1), we amplified fragments of four genes of the 
mitochondrial DNA (mtDNA): the 16S ribosomal RNA gene 
(16S), the 12S ribosomal RNA gene (12S), the protein-coding 
genes cytochrome b (cytb) and NADH dehydrogenase subunit 
4 (ND4); and two protein-coding genes of the nuclear DNA 
(nuDNA): brain-derived neurotrophic factor (BDNF) and oo-
cyte maturation factor MOS (c-mos). The PCR amplifications 
were confirmed on a 1% agarose gel, and negative controls were 
run on all amplifications to exclude contamination. The PCR 
products were purified, then Sanger sequenced (along both 
strands using the same primers used for PCR) at the Natural 
History Museum’s (NHM, London, UK) sequencing facility. 

Chromatograms were assembled and edited in CodonCode 
Aligner v.10.0.2 (Codon Code Corporation, Centerville, MA, 
USA).

Sequence alignment and phylogenetic analyses
Based on best gene coverage and the availability on GenBank, 
we selected one to three species per dipsadid genus and com-
bined our specimen with 113 additional ingroup taxa (Table 2).  
The tree was rooted with Coluber constrictor Linnaeus, 1758 
(Colubridae) as an outgroup. New sequences have been cata-
logued in GenBank (Table 2). Each gene was aligned inde-
pendently using MAFFT v.7.490 (Katoh and Standley 2013) 
on the CIPRES Science Gateway (Miller et al. 2010), with 
appropriate strategies selected automatically. Ambiguously 
aligned regions in the 12S and 16S alignments were ex-
cluded manually, and the six genes were concatenated in 
Mesquite v.3.70 (Maddison and Maddison 2016), reaching a 
final dataset of 3772 nucleotide sites and 115 terminals rep-
resenting 115 species and 93 genera. We divided our dataset 
into 14 partitions: one for the 12S, one for the 16S and one for 
each codon position of the protein-coding genes. The models 
of nucleotide evolution and best-fitting partition schemes 
were determined using PartitionFinder v.2.1.1 (Lanfear et al. 
2017), under the Bayesian information criterion (BIC) and the 
greedy algorithm (Lanfear et al. 2017). The best scheme indi-
cated five different best-fitting nucleotide substitution models 
(Table 3). Using this alignment, we conducted phylogenetic 
analyses simultaneously using ML and Bayesian inference 
(BI). The ML analysis was performed on the IQ-TREE Web 
Server using IQ-TREE v.1.6.12 (Trifinopoulos et al. 2016), 
with the substitution model set to ‘auto’ (Kalyaanamoorthy et 
al. 2017) and specifying FreeRate heterogeneity to generate a 
ML tree with 1000 ultrafast bootstrap replicates (Hoang et al. 
2018). The BI analysis was performed with MrBayes v.3.2.7a 
(Ronquist et al. 2012) on CIPRES (Miller et al. 2010). Clade 
credibility was estimated using Bayesian posterior probabil-
ities (PP) under the best partitioning schemes. Four parallel 
Markov chain Monte Carlo (MCMC) runs were performed, 
with a length of 2 × 107 generations, a sampling frequency of 
1 per 1000 generations, and a burn-in of the first 5000 saved 
trees. Convergence of the parallel runs was confirmed by split 
frequency SDs (< 0.01) and potential scale reduction factors 
(~1.0) for all model parameters, as reported by MrBayes. 
Tracer v.1.7.2 (Rambaut et al. 2018) was used to confirm con-
vergence of all analyses by plotting the log-likelihood values 
against the generation time for each run. Effective sample 
sizes (ESS) of all parameters were largely > 200, indicating 
stationarity and adequate sampling sizes. Consensus trees 
were visualized and edited with FigTree v.1.4.4 (Rambaut 
2016).

Additional material examined 
Xenopholis scalaris (Wucherer, 1861): South America, Bolivia, 
BMNH 1901.8.2.34, BMNH 1895.11.21.41; Brazil, BMNH 
1946.1.8.66; Ecuador, BMNH 1880.12.8.133; French 
Guiana, Camp Patawa, NHMUK 2023.3195 (BMNH and 
NHMUK = Natural History Museum, London, UK).
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Morphological data
Morphometrics and sex determination

Morphological examinations of our specimen were performed 
under a Leica M205C stereomicroscope by P.J.R.K. The spe-
cimen was fixed in the field in 99% ethanol and later transferred 
to 70% ethanol for permanent preservation. The specimen has 
been deposited at the Royal Belgian Institute of Natural Sciences 
(RBINS), Brussels, Belgium (RBINS 2734; see ‘Holotype’ below).

Terminology for cephalic scales and scale counts followed 
Dowling (1951) and Peters (1964). Measurements were taken to 
the nearest 0.01 mm (rounded to 0.1 mm) with digital callipers 
(MarCal 16 EWRi), except for the snout–vent length (SVL; from 
tip of snout to posterior margin of cloacal plate) and tail length 
(TaL; from posterior margin of cloacal plate to tip of tail), which 
were measured with a ruler to the nearest 0.1 mm. Other measure-
ments were abbreviated as follows: TL, total length = SVL + TaL; 
HL, head length (from tip of snout to posterior margin of the man-
dible); HW, maximum head width; ED, maximum eye horizontal 
length; DSN, distance from tip of snout to nostril; DNE, distance 
from nostril to anterior margin of eye; SnL, snout length (from tip 
of snout to anterior margin of eye); RW, maximum rostral width; 
and RH, maximum rostral height. Selected meristic characters 
were abbreviated as follows: DSR, dorsal scale rows (counted 
around the body at a head’s length behind the head, at midbody 
and at a head’s length before the cloaca); SL, supralabials; IL, 
infralabials; PrO, preoculars; PtO, postoculars; SuO, supraoculars; 
IN, internasals; LoR, loreal; TMP, temporals; CS, chinshields; V, 
ventral scales; and SC, subcaudals.

The sex of the holotype was determined by dissection and 
examination of the gonads and by absence of hemipenes.

Micro-computed tomography scanning and three-dimensional 
reconstructions

Given the results of the molecular phylogenetic analyses 
(see ‘Phylogenetic relationships’ below), we focused our 

osteological investigations on our specimen and two speci-
mens of Xenopholis scalaris: a syntype, BMNH 1946.1.8.66 
(see Discussion); and a specimen recently collected in French 
Guiana, NHMUK 2023.3195. Snakes underwent µCT scan-
ning at the NHM’s CT laboratory facility using either a Zeiss 
Versa 520 (for the head of our specimen) or a Nikon HMX225 
(for all other µCT scans). Osteological images were exported 
from the virtual three-dimensional models, which were re-
constructed and segmented by P.J.R.K. using VGStudio MAX 
v.2.1. All μCT scans have been deposited on the MorphoSource 
platform. Osteological terminology followed Cundall and Irish 
(2008).

Morphological comparisons
Morphological comparisons were based on examination of 
museum specimens (see above, ‘Additional material exam-
ined’) and a comprehensive review of published descrip-
tions and systematic revisions of dipsadid genera and species 
(> 100 references).

Eight known genera of Xenodontinae were not included in 
our phylogenetic analyses owing to the lack of DNA sequences 
in GenBank and the lack of material for DNA extraction. 
These genera are as follows: Amnesteophis Myers, 2011, 
Baliodryas Zaher and Prudente, 2020, Cenaspis Campbell, 
Smith and Hall, 2018, Cercophis Fitzinger, 1843, Coronelaps 
Lema and Hofstadler-Deiques, 2010, Ditaxodon Hoge, 1958, 
Incaspis Donoso-Barros, 1974, Lioheterophis Amaral, 1935 
and Saphenophis Myers, 1973. The molecular phylogenetic re-
lationships of these genera (except Incaspis; see Arredondo et 
al. 2020) are thus unknown, and we carefully compared the 
morphology of our specimen with the original descriptions 
of these taxa to exclude potential morphological affinities that 
could contradict the hypothesis that our specimen should be 
described in a new genus (see the comparisons subsections 
below).

Figure 2. Left, terra typica of Paikwaophis kruki. Right, the Eastern Tepui Chain in Guyana as seen from the summit of Roraima-tepui, facing 
east (10 March 2019), with the type locality of Paikwaophis kruki depicted as a red dot. Photograph by P.J.R.K.
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R E SU LTS

Phylogenetic relationships
The ML and BI analyses of the multi-gene matrix resulted in 
similar tree topologies with no major conflict (i.e. no highly sup-
ported alternatives) and were mostly congruent with existing 
phylogenetic studies of Dipsadidae (e.g. Grazziotin et al. 2012, 
Zaher et al. 2019, Moraes et al. 2021). For brevity and clarity, we 
illustrate only the BI tree topology (Fig. 3; unedited phylogen-
etic trees are provided as Supporting Information, Figs S1, S2).

The phylogenetic analyses recovered our specimen as 
sister to Xenopholis (Xenodontinae) with strong support 
(ML = 100; BI = 100). Our specimen + Xenopholis were re-
covered as sister to the tribe Pseudoboini with moderate sup-
port in the ML analysis (ML = 88) and low support in the BI 
analysis (BI = 43).

Morphological characters
A combination of morphological characters unambigu-
ously distinguishes the new genus from all other known 
Xenodontinae genera (see ‘Generic diagnosis’ below). 
Notably, we found striking differences in both the external 
morphology and the osteological characters between our 
specimen and the three known species of Xenopholis (sister 
genus) and from the eight known genera of Xenodontinae that 
were not included in our phylogenetic analyses, warranting 
the erection of a new monotypic genus (see the comparisons 
subsections below).

S Y ST E M AT I C S

Family Dipsadidae Bonaparte, 1838

Subfamily Xenodontinae Cope, 1893

Paikwaophis gen. nov.

(Figs 4–13)
Zoobank registration: urn:lsid:zoobank.org:act:FF55996A-
80A3-4189-838F-269A47BBD9F0.

Type species: Paikwaophis kruki sp. nov.

Etymology: The generic name is derived from the river name 
‘Paikwa’ (referring to the type locality) and the Greek ‘ophis’ 
(meaning snake).

Generic diagnosis: Paikwaophis can be differentiated from all other 
Xenodontinae (and Dipsadidae) by the combination of the fol-
lowing morphological characters: head poorly distinct from neck; 
body robust, slightly wider than high; tail short, ~13% of total 
length in female; snout short and blunt; rostral wider than high, 
visible from above; undivided nasal; paired internasals; paired 
prefrontals; subtriangular frontal; absence of loreal; presence 
of minute cephalic sensory pits; eye medium in size, with verti-
cally oval pupil, iris dark reddish orange; single supraocular; one 
preocular, two postoculars; three rows of temporals; chinshields 
medium in size, anterior chinshields projecting frontolaterally; 
body scales rhomboid, smooth, lacking keels or apical pits, 17 
dorsal scale rows without reduction; subcaudals paired; anal Ta

bl
e 

1.
 P

rim
er

s a
nd

 P
C

R 
co

nd
iti

on
s.

Lo
cu

s 
G

en
e 

ty
pe

 
Pr

im
er

 n
am

e 
Se

qu
en

ce
 (5

ʹ–
3ʹ

) 
A

nn
ea

lin
g 

te
m

pe
ra

tu
re

 (°
C

) 
Pr

im
er

 so
ur

ce
 

16
Sa

M
ito

ch
on

dr
ia

l
Fo

rw
ar

d:
 L

25
10

C
C

G
AC

TG
TT

TA
M

C
A

A
A

A
AC

A
54

Pa
lu

m
bi

 et
 a

l. (
19

91
)

R
ev

er
se

: H
30

56
C

TC
C

G
G

TC
TG

A
AC

TC
AG

AT
C

AC
G

TA
G

G
54

H
ed

ge
s (

19
94

)
12

Sa
M

ito
ch

on
dr

ia
l

Fo
rw

ar
d:

 L
10

91
m

od
C

A
A

AC
TA

G
G

ATT
AG

AT
AC

C
C

TA
C

TA
T

51
K

oc
he

r e
t a

l. (
19

89
)

R
ev

er
se

: H
11

57
m

od
G

TA
C

RC
TT

AC
C

W
TG

TT
AC

G
AC

TT
51

K
ni

gh
t a

nd
 M

in
de

ll 
(1

99
4)

cy
tb

b
M

ito
ch

on
dr

ia
l

Fo
rw

ar
d:

 7
03

Bo
tp

.m
od

TC
A

A
AY

AT
C

TC
A

AC
C

TG
AT

G
A

A
AY

TT
YG

G
54

Po
ok

 et
 a

l. (
20

00
)

R
ev

er
se

: M
V

Z1
6p

.m
od

G
G

C
A

A
AT

AG
G

A
AG

TA
TC

AY
TC

TG
G

YTT
54

Po
ok

 et
 a

l. (
20

00
)

N
D

4b
M

ito
ch

on
dr

ia
l

Fo
rw

ar
d:

 N
D

4
TG

AC
TA

C
C

A
A

A
AG

C
TC

AT
G

TA
G

A
AG

C
50

Fo
rs

tn
er

 et
 a

l. (
19

95
)

R
ev

er
se

: L
EU

TA
C

TT
TT

AC
TT

G
G

ATT
TG

C
AC

C
A

50
Fo

rs
tn

er
 et

 a
l. (

19
95

)
BD

N
Fb

N
uc

le
ar

Fo
rw

ar
d:

 B
D

N
FF

G
AC

C
AT

C
C

TT
TT

C
C

T
KA

C
TA

TG
G

TT
ATT

TC
AT

AC
TT

54
Le

ac
hé

 an
d 

M
cG

ui
re

 (2
00

6)
R

ev
er

se
: B

D
N

FR
C

TA
TC

TT
C

C
C

C
TT

TT
A

AT
G

G
TC

AG
TG

TA
C

A
A

AC
54

Le
ac

hé
 an

d 
M

cG
ui

re
 (2

00
6)

c-m
os

b
N

uc
le

ar
Fo

rw
ar

d:
 S

77
C

AT
G

G
AC

TG
G

G
AT

C
AG

TT
AT

G
50

La
w

so
n 

et
 a

l. (
20

05
)

R
ev

er
se

: S
78

C
C

TT
G

G
G

TG
TG

ATT
TT

C
TC

AC
C

T
50

La
w

so
n 

et
 a

l. (
20

05
)

a 96
°C

 fo
r 3

 m
in

; 4
0 

× 
95

°C
 fo

r 3
0 

s, 
an

ne
al

in
g 

fo
r 6

0 
s, 

72
°C

 fo
r 1

 m
in

; 1
 ×

 7
2°

C
 fo

r 1
0 

m
in

.
b 94

°C
 fo

r 4
 m

in
; 4

0 
× 

94
°C

 fo
r 6

0 
s, 

an
ne

al
in

g 
fo

r 6
0 

s, 
72

°C
 fo

r 1
 m

in
; 1

 ×
 7

2°
C

 fo
r 1

0 
m

in
.

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/200/2/505/7243361 by guest on 24 April 2024

http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlad082#supplementary-data


510 • Kok and Means

Ta
bl

e 
2.

 L
ist

 o
f t

ax
a u

se
d 

in
 th

e m
ol

ec
ul

ar
 p

hy
lo

ge
ne

tic
 an

al
ys

es
, w

ith
 G

en
Ba

nk
 ac

ce
ss

io
n 

nu
m

be
rs

. S
eq

ue
nc

es
 n

ew
ly

 g
en

er
at

ed
 ar

e i
n 

bo
ld

.

Fa
m

ily
 

Su
bf

am
ily

 
Tr

ib
e 

G
en

us
 

Sp
ec

ie
s 

16
S 

12
S 

cy
tb

 
N
D
4 

BD
N
F 

c-
m
os

 

C
ol

ub
rid

ae
C

ol
ub

er
co

ns
tri

cto
r

L0
17

70
L0

17
65

EU
18

04
32

AY
48

70
40

JQ
59

90
15

AY
48

69
37

D
ip

sa
di

da
e

C
ar

po
ph

iin
ae

Ca
rp

ho
ph

is
am

oe
nu

s
AY

57
70

22
AY

57
70

13
A

F4
71

06
7

D
Q

11
20

82
D

ip
sa

di
da

e
C

ar
po

ph
iin

ae
C

on
tia

te
nu

is
AY

57
70

30
AY

57
70

21
G

U
11

24
01

A
F4

02
65

8
G

U
11

23
63

A
F4

71
13

4
D

ip
sa

di
da

e
C

ar
po

ph
iin

ae
D

ia
do

ph
is

pu
nc

ta
tu

s
K

X6
94

63
6

AY
57

70
15

EU
19

36
70

EU
19

40
25

EU
40

26
37

A
F4

71
12

2
D

ip
sa

di
da

e
D

ip
sa

di
na

e
Ch

ap
in

op
hi

s
xa

nt
ho

ch
eil

us
JX

39
86

03
JX

39
84

50
D

ip
sa

di
da

e
D

ip
sa

di
na

e
Ad

elp
hi

co
s

qu
ad

riv
irg

at
us

G
Q

89
58

53
G

Q
89

57
96

D
ip

sa
di

da
e

D
ip

sa
di

na
e

Am
as

tri
di

um
sa

pp
er

i
G

Q
33

44
79

G
Q

33
45

80
D

ip
sa

di
da

e
D

ip
sa

di
na

e
Am

as
tri

di
um

ve
lif

er
um

M
H

14
04

69
G

Q
89

57
97

D
ip

sa
di

da
e

D
ip

sa
di

na
e

At
ra

ct
us

al
bu

qu
er

qu
ei

G
Q

45
77

26
G

Q
45

77
83

JQ
59

89
18

JQ
59

90
09

G
Q

45
78

45
D

ip
sa

di
da

e
D

ip
sa

di
na

e
Ch

er
so

dr
om

us
lie

bm
an

ni
JX

39
86

04
JX

39
84

51
D

ip
sa

di
da

e
D

ip
sa

di
na

e
C

on
io

ph
an

es
fis

sid
en

s
M

H
14

06
63

EF
07

85
38

JX
39

84
52

D
ip

sa
di

da
e

D
ip

sa
di

na
e

Cr
yo

ph
is

ha
llb

er
gi

G
Q

89
58

63
EF

07
85

44
G

Q
89

58
07

D
ip

sa
di

da
e

D
ip

sa
di

na
e

D
ip

sa
s

ca
te

sb
yi

Z4
64

96
JQ

59
88

05
JQ

59
89

26
EF

07
85

85
JQ

59
90

21
JQ

59
89

77
D

ip
sa

di
da

e
D

ip
sa

di
na

e
En

ul
io

ph
is

sc
la

te
ri

M
H

14
07

24
JX

39
86

35
JX

39
84

85
D

ip
sa

di
da

e
D

ip
sa

di
na

e
En

ul
iu

s
fla

vi
to

rq
ue

s
M

H
14

07
25

JX
39

86
36

JX
39

84
86

D
ip

sa
di

da
e

D
ip

sa
di

na
e

G
eo

ph
is

go
dm

an
i

JQ
59

88
77

JQ
59

88
14

JQ
59

89
32

JQ
59

90
26

D
ip

sa
di

da
e

D
ip

sa
di

na
e

H
yd

ro
m

or
ph

us
co

nc
ol

or
G

Q
89

58
74

JX
39

84
90

G
Q

89
58

17
D

ip
sa

di
da

e
D

ip
sa

di
na

e
H

yp
sig

len
a

to
rq

ua
ta

EU
72

85
91

EU
72

85
91

EU
72

85
91

EU
72

85
91

A
F4

71
15

9
D

ip
sa

di
da

e
D

ip
sa

di
na

e
H

yp
sig

len
a 

(E
rid

ip
ha

s)
sle

vi
ni

EU
72

85
84

EU
72

85
84

EU
72

85
84

EU
72

85
84

D
ip

sa
di

da
e

D
ip

sa
di

na
e

Im
an

to
de

s
ce

nc
ho

a
EU

72
85

86
EU

72
85

86
EU

72
85

86
EU

72
85

86
EU

40
26

43
G

Q
45

78
65

D
ip

sa
di

da
e

D
ip

sa
di

na
e

Le
pt

od
eir

a
an

nu
la

ta
G

Q
45

77
46

G
Q

45
78

06
FJ

41
67

13
FJ

41
67

87
FJ

43
39

98
A

F5
44

69
0

D
ip

sa
di

da
e

D
ip

sa
di

na
e

N
in

ia
at

ra
ta

JQ
59

88
82

G
Q

45
78

14
JQ

59
89

37
G

Q
33

46
59

JQ
59

90
37

G
Q

45
78

74
D

ip
sa

di
da

e
D

ip
sa

di
na

e
Pl

io
ce

rc
us

eu
ry

zo
nu

s
K

X6
60

16
5

K
X

66
04

40
K

X
66

05
68

K
X

66
03

04
D

ip
sa

di
da

e
D

ip
sa

di
na

e
Ps

eu
do

lep
to

de
ira

la
tif

as
cia

ta
EU

72
85

79
EU

72
85

79
EU

72
85

79
EU

72
85

79
D

ip
sa

di
da

e
D

ip
sa

di
na

e
Rh

ad
in

ae
a

de
co

ra
ta

M
H

14
09

27
D

ip
sa

di
da

e
D

ip
sa

di
na

e
Si

bo
n

ne
bu

la
tu

s
EU

72
85

83
EU

72
85

83
EU

72
85

83
EU

72
85

83
A

F5
44

73
6

D
ip

sa
di

da
e

D
ip

sa
di

na
e

Tr
eta

no
rh

in
us

va
ria

bi
lis

A
F1

58
52

9
A

F1
58

46
0

JX
39

87
22

JX
39

85
92

D
ip

sa
di

da
e

D
ip

sa
di

na
e

Tr
im

et
op

on
gr

ac
ile

G
U

01
81

78
G

U
01

81
60

JX
39

87
23

JX
39

85
93

D
ip

sa
di

da
e

D
ip

sa
di

na
e

Tr
op

id
od

ip
sa

s
sa

rt
or

ii
JX

39
87

18
JX

39
85

87
D

ip
sa

di
da

e
D

ip
sa

di
na

e
U

ro
th

ec
a

gu
en

th
er

i
JX

39
87

26
JX

39
85

96
D

ip
sa

di
da

e
in

ce
rt

ae
 se

di
s

Fa
ra

nc
ia

ab
ac

ur
a

Z4
64

91
Z4

64
67

U
69

83
2

D
Q

90
23

07
A

F4
71

14
1

D
ip

sa
di

da
e

in
ce

rt
ae

 se
di

s
H

et
er

od
on

pl
at

irh
in

os
AY

57
70

28
AY

57
70

19
G

U
11

24
12

A
F4

02
65

9
EU

40
26

41
JQ

59
89

86
D

ip
sa

di
da

e
in

ce
rt

ae
 se

di
s

Th
er

m
op

hi
s

zh
ao

er
m

ii
G

Q
16

61
68

G
Q

16
61

68
G

Q
16

61
68

G
Q

16
61

68
K

P7
77

52
9

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Pa
ik

wa
op

hi
s

kr
uk

i
O

R
07

51
94

O
R

07
51

46
O

R
06

93
82

O
R

06
93

83
O

R
06

93
80

O
R

06
93

81
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
A

lso
ph

iin
i

Al
so

ph
is

an
til

len
sis

FJ
41

67
02

FJ
41

66
91

FJ
41

67
26

FJ
41

68
00

JQ
59

90
05

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

A
lso

ph
iin

i
Al

so
ph

is
rij

ge
rs

m
ae

i
FJ

41
67

08
FJ

41
66

97
FJ

41
67

29
FJ

41
68

03

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/200/2/505/7243361 by guest on 24 April 2024



A new snake genus from the Lost World • 511

Fa
m

ily
 

Su
bf

am
ily

 
Tr

ib
e 

G
en

us
 

Sp
ec

ie
s 

16
S 

12
S 

cy
tb

 
N
D
4 

BD
N
F 

c-
m
os

 

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

A
lso

ph
iin

i
Ar

rh
yt

on
do

lic
hu

ra
A

F1
58

50
7

A
F1

58
43

8
FJ

41
67

21
FJ

41
67

95
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
A

lso
ph

iin
i

Ar
rh

yt
on

pr
oc

er
um

A
F1

58
52

1
A

F1
58

45
2

FJ
41

67
23

FJ
41

67
97

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

A
lso

ph
iin

i
Bo

rik
en

op
hi

s
po

rt
or

ice
ns

is
A

F1
58

51
7

FJ
41

66
96

A
F4

71
08

5
U

49
30

8
JQ

59
90

12
A

F4
71

12
6

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

A
lso

ph
iin

i
Bo

rik
en

op
hi

s
va

rie
ga

tu
s

FJ
41

67
11

FJ
41

67
00

FJ
41

67
34

FJ
41

68
08

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

A
lso

ph
iin

i
Ca

ra
ib

a
an

dr
ea

e
A

F1
58

51
1

A
F1

58
44

2
FJ

41
67

43
FJ

41
68

17
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
A

lso
ph

iin
i

Cu
bo

ph
is

ca
nt

he
rig

er
us

A
F1

58
47

5
A

F1
58

40
5

A
F5

44
66

9
FJ

41
68

18
FJ

43
39

99
A

F5
44

69
4

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

A
lso

ph
iin

i
Cu

bo
ph

is
ca

ym
an

us
FJ

41
67

04
FJ

41
66

93
FJ

41
67

45
FJ

41
68

20
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
A

lso
ph

iin
i

H
ai

tio
ph

is
an

om
al

us
FJ

66
60

92
FJ

66
60

91
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
A

lso
ph

iin
i

H
yp

sir
hy

nc
hu

s
fer

ox
A

F1
58

51
5

A
F1

58
44

7
G

Q
89

58
75

FJ
41

68
16

G
Q

89
58

18
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
A

lso
ph

iin
i

H
yp

sir
hy

nc
hu

s
pa

rv
ifr

on
s

A
F1

58
51

0
A

F1
58

44
1

FJ
41

67
40

FJ
41

68
14

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

A
lso

ph
iin

i
Ia

ltr
is

do
rs

al
is

A
F1

58
52

5
A

F1
58

45
6

FJ
41

67
35

FJ
41

68
09

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

A
lso

ph
iin

i
M

ag
lio

ph
is

ex
ig

uu
m

A
F1

58
52

6
FJ

41
66

94
A

F4
71

07
1

FJ
41

67
98

A
F4

71
11

7
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
A

lso
ph

iin
i

U
ro

m
ac

er
ca

te
sb

yi
A

F1
58

52
3

A
F1

58
45

4
FJ

41
67

14
FJ

41
67

88
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
C

aa
et

eb
oi

in
i

Ca
ae

teb
oi

a
am

ar
al

i
G

Q
45

77
47

G
Q

45
78

07
JQ

59
89

21
G

Q
45

78
67

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

C
on

op
hi

in
i

C
on

op
hi

s
lin

ea
tu

s
JQ

59
88

65
G

Q
45

77
88

JQ
59

89
24

JQ
59

90
16

JQ
59

89
75

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

C
on

op
hi

in
i

M
an

ol
ep

is
pu

tn
am

i
JQ

59
88

81
JQ

59
88

20
JQ

59
89

36
JQ

59
90

35
JQ

59
89

88
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
D

ia
ph

or
ol

ep
id

in
i

D
ia

ph
or

ol
ep

is
wa

gn
er

i
K

R8
14

75
2

K
T

34
53

60
K

R8
14

77
5

K
R8

14
76

4
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
D

ia
ph

or
ol

ep
id

in
i

Sy
no

ph
is

bi
co

lo
r

K
R8

14
75

8
K

R8
14

75
1

K
R8

14
77

3
K

R8
14

76
9

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

D
ia

ph
or

ol
ep

id
in

i
Sy

no
ph

is
ca

la
m

itu
s

K
R8

14
64

0
K

R8
14

62
2

K
R8

14
69

7
K

R8
14

71
1

K
R8

14
66

3
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ec

hi
na

nt
he

rin
i

Ec
hi

na
nt

he
ra

m
ela

no
sti

gm
a

G
U

01
81

74
JQ

59
88

06
JQ

59
89

28
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ec

hi
na

nt
he

rin
i

Ec
hi

na
nt

he
ra

un
du

la
ta

JQ
59

88
70

JQ
59

88
07

JQ
59

89
29

JQ
59

90
22

JQ
59

89
78

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ec
hi

na
nt

he
rin

i
So

rd
ell

in
a

pu
nc

ta
ta

JQ
59

89
03

JQ
59

88
43

JQ
59

89
56

JQ
59

90
52

JQ
59

90
00

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ec
hi

na
nt

he
rin

i
Ta

en
io

ph
al

lu
s

affi
ni

s
JQ

59
89

05
JQ

59
88

44
JQ

59
89

57
JQ

59
90

55
G

Q
45

78
53

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ec
hi

na
nt

he
rin

i
Ta

en
io

ph
al

lu
s

br
ev

iro
str

is
G

Q
45

77
34

G
Q

45
77

93
JQ

59
89

58
JQ

59
90

56
G

Q
45

78
54

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ec
hi

na
nt

he
rin

i
Ta

en
io

ph
al

lu
s

ni
ca

gu
s

K
X6

94
67

7
K

X6
94

56
2

K
X

69
48

86
K

X
69

47
66

K
X

69
48

23
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
El

ap
om

or
ph

in
i

Ap
os

to
lep

is
as

sim
ili

s
G

Q
45

77
24

G
Q

45
77

81
JQ

59
90

07
G

Q
45

78
43

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

El
ap

om
or

ph
in

i
Ap

os
to

lep
is

di
m

id
ia

ta
G

Q
45

77
25

G
Q

45
77

82
JQ

59
89

17
JQ

59
90

08
G

Q
45

78
44

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

El
ap

om
or

ph
in

i
El

ap
om

or
ph

us
qu

in
qu

eli
ne

at
us

G
Q

45
77

35
G

Q
45

77
94

JQ
59

89
30

JQ
59

90
23

G
Q

45
78

55
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
El

ap
om

or
ph

in
i

Ph
al

ot
ris

lem
ni

sc
at

us
G

Q
45

77
56

G
Q

45
78

17
JQ

59
89

41
JQ

59
90

39
G

Q
45

78
77

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

El
ap

om
or

ph
in

i
Ph

al
ot

ris
na

su
tu

s
G

Q
45

77
57

G
Q

45
78

18
G

Q
89

58
80

G
Q

89
58

22
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Eu

tra
ch

el
op

hi
in

i
Ar

ca
nu

m
op

hi
s

pr
ob

lem
at

icu
s

M
H

53
29

01
M

H
51

39
52

M
H

53
68

33
M

H
53

68
34

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Eu
tra

ch
el

op
hi

in
i

Eu
tra

ch
elo

ph
is

pa
pi

lio
O

K
29

91
46

O
K

33
49

57
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
H

yd
ro

dy
na

st
in

i
H

yd
ro

dy
na

ste
s

bi
cin

ct
us

G
Q

45
77

42
G

Q
45

78
02

JQ
59

89
35

JQ
59

90
30

G
Q

45
78

62
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
H

yd
ro

dy
na

st
in

i
H

yd
ro

dy
na

ste
s

gi
ga

s
G

Q
45

77
43

G
Q

45
78

03
G

Q
89

58
73

JQ
59

90
31

G
Q

89
58

16
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
H

yd
ro

ps
in

i
H

eli
co

ps
an

gu
la

tu
s

G
Q

45
77

38
G

Q
45

77
97

A
F4

71
03

7
M

N
03

24
59

A
F4

71
16

0
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
H

yd
ro

ps
in

i
H

eli
co

ps
in

fra
ta

en
ia

tu
s

G
Q

45
77

40
G

Q
45

77
99

JQ
59

89
33

G
Q

45
78

59

Ta
bl

e 
2.

 C
on

tin
ue

d

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/200/2/505/7243361 by guest on 24 April 2024



512 • Kok and Means

Fa
m

ily
 

Su
bf

am
ily

 
Tr

ib
e 

G
en

us
 

Sp
ec

ie
s 

16
S 

12
S 

cy
tb

 
N
D
4 

BD
N
F 

c-
m
os

 

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

H
yd

ro
ps

in
i

H
yd

ro
ps

tri
an

gu
la

ris
G

Q
45

77
44

G
Q

45
78

04
A

F4
71

03
9

JQ
59

90
32

A
F4

71
15

8
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
H

yd
ro

ps
in

i
Ps

eu
do

er
yx

pl
ica

til
is

G
Q

45
77

65
G

Q
45

78
26

G
Q

89
58

85
G

Q
89

58
26

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

in
ce

rt
ae

 se
di

s
Cr

isa
nt

op
hi

s
ne

ve
rm

an
ni

G
U

01
81

69
G

U
01

81
52

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

in
ce

rt
ae

 se
di

s
Xe

no
ph

ol
is

sc
al

ar
is

JQ
59

89
15

JQ
59

88
54

G
Q

89
58

97
JQ

59
90

02
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
in

ce
rt

ae
 se

di
s

Xe
no

ph
ol

is
un

du
la

tu
s

JQ
59

89
16

JQ
59

88
55

JQ
59

90
03

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

N
ot

ho
ps

is
ru

go
su

s
K

R8
14

76
0

G
U

01
81

59
K

R8
14

77
0

K
R8

14
77

9
K

R8
14

76
8

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Rh
ad

in
ell

a
go

dm
an

i
M

Z5
20

22
9

M
Z5

20
30

9
JQ

59
90

26
M

Z5
20

19
5

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Rh
ad

in
op

ha
ne

s
m

on
tic

ol
a

JX
39

86
50

JX
39

84
98

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

St
ich

op
ha

ne
s

ni
ng

sh
aa

ne
ns

is
K

J7
19

25
2

K
J7

19
25

2
K

J7
19

25
2

K
J7

19
25

2
K

J6
38

71
8

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ta
nt

al
op

hi
s

di
sc

ol
or

EF
07

85
41

EF
07

85
89

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ph
yl

od
ry

ad
in

i
Ch

lo
ro

so
m

a
vi

rid
iss

im
um

A
F1

58
47

4
A

F1
58

41
9

A
F2

36
80

7
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ph

yl
od

ry
ad

in
i

Ph
ilo

dr
ya

s
ol

fer
sii

A
F1

58
48

4
JQ

59
88

30
JQ

59
89

45
JQ

59
90

41
JQ

59
89

93
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ph

yl
od

ry
ad

in
i

Xe
no

xy
be

lis
ar

ge
nt

eu
s

G
Q

45
77

80
G

Q
45

78
42

JQ
59

89
44

JQ
59

90
40

G
Q

45
78

99
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ps

eu
do

bo
in

i
Bo

iru
na

m
ac

ul
at

a
JQ

59
88

62
G

Q
45

77
85

G
Q

89
58

55
JQ

59
90

11
G

Q
89

57
99

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ps
eu

do
bo

in
i

Cl
eli

a
cle

lia
A

F1
58

47
2

A
F1

58
40

3
JQ

59
89

73
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ps

eu
do

bo
in

i
D

re
pa

no
id

es
an

om
al

us
G

Q
45

77
32

G
Q

45
77

91
G

Q
89

58
66

G
Q

89
58

10
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ps

eu
do

bo
in

i
M

us
su

ra
na

bi
co

lo
r

G
Q

45
77

29
G

Q
45

77
87

G
Q

45
78

49
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ps

eu
do

bo
in

i
O

xy
rh

op
us

gu
ib

ei
JQ

62
72

91
JQ

59
88

22
JQ

59
89

38
JQ

59
90

38
JQ

59
89

89
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ps

eu
do

bo
in

i
Pa

ra
ph

im
op

hi
s

ru
sti

cu
s

JQ
59

88
64

JQ
59

88
02

JQ
59

89
23

JQ
59

89
74

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ps
eu

do
bo

in
i

Ph
im

op
hi

s
gu

er
in

i
G

Q
45

77
61

G
Q

45
78

22
G

Q
45

78
82

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ps
eu

do
bo

in
i

Ps
eu

do
bo

a
ni

gr
a

G
Q

45
77

64
A

F5
44

77
5

JQ
59

89
48

JQ
59

90
43

A
F5

44
72

9
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ps

eu
do

bo
in

i
Rh

ac
hi

de
lu

s
br

az
ili

JQ
59

88
97

JQ
59

88
37

JQ
59

89
52

JQ
59

90
48

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ps
eu

do
bo

in
i

Ro
dr

ig
ue

so
ph

is
igl

es
ia

si
JQ

59
88

91
JQ

59
88

31
G

Q
89

58
81

G
Q

89
58

23
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ps

eu
do

bo
in

i
Si

ph
lo

ph
is

ce
rv

in
us

JQ
59

89
01

JQ
59

88
41

G
Q

89
58

88
JQ

59
89

98
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ps

eu
do

bo
in

i
Si

ph
lo

ph
is

pu
lch

er
G

Q
45

77
73

G
Q

45
78

34
JQ

59
89

55
JQ

59
90

51
G

Q
45

78
94

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ps
om

op
hi

in
i

Ps
om

op
hi

s
jo

be
rt

i
G

Q
45

77
68

G
Q

45
78

29
G

Q
89

58
87

JQ
59

90
46

G
Q

89
58

28
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Sa

ph
en

op
hi

in
i

Ps
eu

da
lso

ph
is

ele
ga

ns
A

F1
58

47
0

A
F1

58
40

1
JQ

59
89

47
JQ

59
90

42
JQ

59
89

95
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ta

ch
ym

en
in

i
Ca

la
m

od
on

to
ph

is
pa

uc
id

en
s

G
Q

45
77

28
G

Q
45

77
86

G
Q

45
78

48
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ta

ch
ym

en
in

i
G

om
es

op
hi

s
br

as
ili

en
sis

G
Q

45
77

37
G

Q
45

77
96

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ta
ch

ym
en

in
i

Ps
eu

do
to

m
od

on
tri

go
na

tu
s

G
Q

45
77

66
G

Q
45

78
27

G
Q

45
78

87
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ta

ch
ym

en
in

i
Pt

yc
ho

ph
is

fla
vo

vi
rg

at
us

G
Q

45
77

69
G

Q
45

78
30

G
Q

45
78

90
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ta

ch
ym

en
in

i
Ta

ch
ym

en
is

pe
ru

vi
an

a
G

Q
45

77
74

G
Q

45
78

35
JQ

59
90

54
G

Q
45

78
95

D
ip

sa
di

da
e

Xe
no

do
nt

in
ae

Ta
ch

ym
en

in
i

Th
am

no
dy

na
ste

s
ru

til
us

G
Q

45
77

76
G

Q
45

78
37

G
Q

45
78

96
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ta

ch
ym

en
in

i
Th

am
no

dy
na

ste
s

str
iga

tu
s

JQ
59

89
07

JQ
59

88
47

JQ
59

89
59

JQ
59

90
57

K
X

66
04

20
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Ta

ch
ym

en
in

i
To

m
od

on
do

rs
at

us
G

Q
45

77
77

G
Q

45
78

38
G

Q
89

58
92

JQ
59

90
59

G
Q

89
58

33
D

ip
sa

di
da

e
Xe

no
do

nt
in

ae
Tr

op
id

od
ry

ad
in

i
Tr

op
id

od
ry

as
se

rr
a

JQ
59

89
08

JQ
59

88
48

JQ
59

89
61

Ta
bl

e 
2.

 C
on

tin
ue

d

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/200/2/505/7243361 by guest on 24 April 2024



A new snake genus from the Lost World • 513

entire; aglyphous, presence of a diastema; low number of teeth: 
7 prediastemal maxillary teeth, 2 enlarged postdiastemal maxil-
lary teeth, 8 pterygoid teeth, 5 palatine teeth, 12 dentary teeth; 
neural spines smooth, ungrooved and not laterally expanded; 
175 trunk vertebrae; absence of hypapophyses on posterior ver-
tebrae; caudal vertebrae with distinct haemapophyses; lacrimal 
foramen large and vertically ovoid; and postorbital bone highly 
reduced, free from the frontal bone.

Comparisons with known genera of Xenodontinae not included in 
our phylogenetic analyses: Paikwaophis is distinguished from 
Amnesteophis (assigned to the monotypic tribe Amnestophiini; 
Myers 2011) by, inter alia, the dentition: syncranterian (absence 
of a diastema), 25 maxillary teeth and 30 pterygoid teeth in 
Amnesteophis vs. diacranterian (presence of a diastema), 9 maxil-
lary teeth and 8 pterygoid teeth in Paikwaophis.

Paikwaophis is distinguished from Baliodryas (assigned to the 
tribe Eutrachelophiini; Myers and McDowell 2014, Moraes et 
al. 2021) by, inter alia, the dentition: 25–28 maxillary teeth and 
35–36 pterygoid teeth in Baliodryas vs. 9 maxillary teeth and 8 
pterygoid teeth in Paikwaophis.

Paikwaophis is distinguished from the genus Cenaspis [un-
assigned to any tribe, seemingly endemic to the isolated high-
lands of western Chiapas in Mexico; the only known specimen 
has been found in the stomach of a Micrurus nigrocinctus (Girard, 
1854); Campbell et al. 2018] by, inter alia, the state of the 
subcaudals and the maxillary dentition: single subcaudals in 
Cenaspis vs. divided subcaudals in Paikwaophis, and 10–15 max-
illary teeth in Cenaspis vs. 9 maxillary teeth in Paikwaophis.

Paikwaophis is distinguished from Cercophis (unassigned to 
any tribe) by, inter alia, a short tail (13% of total length) vs. 
a long tail (42–54% of total length; Cunha and Nascimento 
1982, Hoogmoed 2019) in Cercophis, and the maxillary den-
tition: 22 maxillary teeth in Cercophis vs. 9 maxillary teeth in 
Paikwaophis.

Paikwaophis is distinguished from Coronelaps (assigned to the 
tribe Elapomorphini; Lema and Hofstadler Deiques 2010) and 
Ditaxodon (assigned to the tribe Phylodryadini; Arredondo et 
al. 2020) by, inter alia, the dentition: opisthoglyphous (grooved 
fangs) in Coronelaps and Ditaxodon vs. aglyphous opisthodont 
(ungrooved fangs) in Paikwaophis.

Paikwaophis is distinguished from Incaspis (assigned to the 
tribe Incaspidini; Arredondo et al. 2020) by, inter alia, the den-
tition: 10–15 maxillary teeth in Incaspis vs. 9 maxillary teeth in 
Paikwaophis and the absence of apical pits in Paikwaophis (vs. 
one or two consistently present in Incaspis).

Paikwaophis is distinguished from Lioheterophis (unassigned 
to any tribe, monotypic, known only from the holotype col-
lected in Campina Grande in north-eastern Brazil; Amaral 
1935, Wallach et al. 2014) by, inter alia, the maxillary denti-
tion: 17 maxillary teeth in Lioheterophis vs. 9 maxillary teeth in 
Paikwaophis; and a distinct difference in the number of dorsal 
scale rows: 21 with reduction in Lioheterophis vs. 17 without re-
duction in Paikwaophis.

Paikwaophis is distinguished from Saphenophis (assigned to 
the tribe Saphenophiini; Zaher et al. 1999) by, inter alia, the 
dentition: 19–22 maxillary teeth and 24–26 pterygoid teeth in 
Saphenophis (Myers 1973) vs. 9 maxillary teeth and 8 pterygoid 
teeth in Paikwaophis.Fa
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Comparisons with the sister genus (Xenopholis): Although re-
covered as sister taxa with high support, Paikwaophis and 
Xenopholis (Figs 12–15) are strikingly different both morpho-
logically and osteologically. Both genera are easily distinguished 
by, inter alia (non-exhaustive):

(i) The shape of the head and neck: marked neck and pro-
portionally flatter/longer head in Xenopholis vs. neck 
poorly marked and short head in Paikwaophis (Figs 3, 4).

(ii) The presence of numerous minute cephalic sensory 
pits in Paikwaophis (absent in the Xenopholis specimens 
examined and not reported by Gomes et al. 2020).

(iii) The number of trunk vertebrae: 128–129 in Xenopholis 
vs. 175 in Paikwaophis.

(iv) The shape of the vertebrae: neural spines are expanded lat-
erally, forming rugose shields divided by a median groove 
in Xenopholis (Hoge and Federsoni 1974) vs. smooth, 
ungrooved and not laterally expanded in Paikwaophis 
(Fig. 12); and hypapophyses on posterior vertebrae are 
absent in Paikwaophis (present in Xenopholis; Hoge and 
Federsoni 1974).

(v) The shape of the caudal vertebrae: caudal vertebrae 
have distinct haemapophyses in Paikwaophis (absent in 
Xenopholis).

(vi) The dentition: opisthoglyphous (grooved fangs) 
in Xenopholis (Gomes et al. 2020) vs. aglyphous 
opisthodont (ungrooved fangs) in Paikwaophis (Fig. 12), 
and a much higher number of teeth in Xenopholis (13–15 
prediastemal maxillary teeth, 14–28 pterygoid teeth, 
7–10 palatine teeth and 23–24 dentary teeth; Gomes et 
al. 2020) than in Paikwaophis (7 prediastemal maxillary 
teeth, 8 pterygoid teeth, 5 palatine teeth and 12 dentary 
teeth; Figs 7, 9, 10, 11, 15).

(vii)  The shape and size of the lacrimal foramen: small and 
horizontally ovoid in Xenopholis vs. large and vertically 
ovoid in Paikwaophis (Fig. 13).

(viii)   The shape and size of the postorbital bone: large and pro-
jecting ventrolaterally in Xenopholis vs. highly reduced, 
crescent-shaped in Paikwaophis (Figs 7, 15).

Comparisons with (near-) sympatric dipsadid genera with superfi-
cially similar morphology:  In the Pantepui region (and northern 
Brazil) and based on superficial morphology/body plan and 
fossorial/semi-fossorial habits, Paikwaophis could be confused 

only with Atractus Wagler, 1828 (to which it keys out in the 
paper by Cole et al. 2013) and Apostolepis Cope, 1862. In the 
field, Paikwaophis is easily distinguished from Atractus (as-
signed to the subfamily Dipsadinae; Zaher 1999) by the ab-
sence of a loreal (present in Atractus; e.g. Hoogmoed 1980, Kok 
2006) and two pairs of chinshields (single pair in Atractus; e.g. 
Hoogmoed 1980, Kok 2006); and from Apostolepis (assigned 
to the tribe Elapomorphini; see Zaher et al. 2009) by having 17 
dorsal scale rows (15 in Apostolepis; e.g. Entiauspe-Neto et al. 
2021) and paired nasals (nasal plate undivided in Apostolepis; 
e.g. Entiauspe-Neto et al. 2021). It should be stressed that out-
side the family Dipsadidae, Paikwaophis could possibly be con-
fused with the colubrid genus Tantilla Baird and Girard, 1853, 
from which it is distinguished immediately by having 17 dorsal 
scale rows (15 in Tantilla; e.g. Koch and Venegas 2016).

Content: Currently monotypic, containing only Paikwaophis 
kruki.

Distribution: Known only from the type locality (see ‘Holotype’ 
below).

Paikwaophis kruki gen. nov., sp. nov.
Zoobank registration: urn:lsid:zoobank.org:act:A7918471-
9399-4AEA-AD08-D176E13D53ED

Holotype: RBINS 2734 (field number CPI11310; Figs 4–13), an 
immature female, collected by D. Bruce Means on 24 February 
2021 at ‘Sloth Camp’ [5.247074°  N, 60.705471°  W; ~1180 
m elevation; Cuyuni-Mazaruni District (Region 7), Guyana, 
South America], which is located on a broad ridge running 
downhill along the west fork of the Paikwa River from the 
bottom of the talus slope below the vertical cliff wall of Wei-
Assipu-tepui (Fig. 2).

Etymology:  The specific epithet ‘kruki’ is a noun in the geni-
tive case, honouring Professor Andrzej Kruk (born 1971), the 
current Dean of the Faculty of Biology and Environmental 
Protection at the University of Łódź, Poland, for his friendship 
and his influential contribution in enhancing the quality of re-
search at the University of Łódź.

Diagnosis: The species diagnosis is the same as for the genus.

Description of holotype: The specimen is a small immature fe-
male (Figs 4–13), with TL 180 mm, TaL 24 mm (13% of TL); 

Table 3. Best partitioning scheme used for the Bayesian inference of phylogenetic relationships.

Subset Best model Partition names: gene(codon) 

1 GTR+I+G cytb(1), 12S, ND4(2)
2 GTR+I+G 16S
3 GTR+I+G ND4(3), cytb(2)
4 GTR+G ND4(1), cytb(3)
5 K80+I BDNF(1), BDNF(2)
6 K80+I+G BDNF(3)
7 K80+I+G c-mos(2), c-mos(1)
8 HKY+G c-mos(3)
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Figure 3. Phylogenetic relationships of the family Dipsadidae inferred from a concatenated dataset of six genes (four mtDNA and two nuDNA 
genes; 3772 bp) using Bayesian inference. Statistical supports for both Bayesian and maximum likelihood (IQ-TREE) analyses are provided 
at nodes (see key, lower right inset). Photographs are by D.B.M. (Paikwaophis kruki) and courtesy of the Reptiles of Ecuador book project 
(Xenopholis scalaris).
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Figure 4. Holotype of Paikwaophis kruki (RBINS 2734). A, dorsal view in life (photograph by D.B.M.). B, dorsolateral view of anterior body 
in life (photograph by D.B.M.). C, ventral view in preservative (photograph by P.J.R.K.). 
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HL 7.1  mm (4% of TL); HW 4.7  mm (66% of HL); snout 
short and blunt, SnL 2.1 mm (30% of HL); ED 1.0 mm; DSN 
0.6  mm; and DNE 1.5  mm. Head poorly distinct from neck; 

body robust, slightly wider than high. Dorsal scales rhomboid, 
smooth, lacking keels or apical pits, DSR 17-17-17. There are 
171 ventrals, an undivided anal scale and 38 paired subcaudals. 

Figure 5. Pholidosis of the head of the holotype of Paikwaophis kruki (RBINS 2734) (photographs by P.J.R.K.).
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Figure 6. Three-dimensional model of the complete skeleton of the holotype of Paikwaophis kruki (RBINS 2734) based on μCT imagery. A, 
dorsal view. B, ventral view.
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Figure 7. Three-dimensional model of the skull of the holotype of Paikwaophis kruki (RBINS 2734) based on μCT imagery. A, dorsal view. 
B, lateral view. C, ventral view. Abbreviations: bo, basioccipital; bs, basisphenoid; col, columella; cp, compound bone; cps, conchal process 
of septomaxilla; d, dentary; ecp, ectopterygoid; exo, exoccipital; f, frontal; mx, maxillary; na, nasal; occ, occipital; p, parietal; pal, palatine; 
pfr, prefrontal; pmx, premaxilla; po, postorbital; pro, prootic; psp, parasphenoid rostrum; pt, pterygoid; q, quadrate; smx, septomaxilla; so, 
supraoccipital; st, supratemporal; su, supraorbital; v, vomer.
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Dentition diacranterian, aglyphous opisthodont. Prediastemal 
maxillary teeth 7, postdiastemal teeth 2.

Rostral 3.6 times wider than high (RW 1.8  mm, RH 
0.5  mm), visible from above, contacting first supralabials, 
nasals and internasals. Paired internasals 1.3 times wider than 
long, laterally in contact with nasals. Paired prefrontals large, 
1.5 times broader than long, laterally contacting nasals, second 
supralabials and preoculars. Frontal subtriangular, anteriorly 
convex, with dorsal termination acute, ~1.2 times longer than 

wide, laterally in contact with supraoculars, laterodorsally 
in contact with parietals. Elongate single supraocular ~2 
times longer than wide. Parietals large, ~2 times longer than 
wide, median suture ~1.5 times shorter than frontal length. 
Nostrils located in anterior portion of undivided nasals, 
which are 2 times longer than high. Nasals in contact with 
rostral, internasals, first and second supralabials and pre-
frontals. Loreal absent, seemingly fused with prefrontal. Eyes 
moderate in size, with vertically oval pupils, poorly visible in 

Figure 8. Three-dimensional model of the premaxilla of the holotype of Paikwaophis kruki (RBINS 2734) based on μCT imagery. A, dorsal 
view. B, ventral view. C, lateral view. D, anterior view. E, posterior view. Abbreviations: ap, ascending process of premaxilla; pc, premaxillary 
channel; tp, transverse process of premaxilla; vp, vomerine process of premaxilla. The white arrows point to the rostral end of the cranium.
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ventral view, surrounded by one preocular, one supraocular, 
two postoculars and third and fourth supralabials. No sub-
ocular. Preocular ~2 times higher than long. Supralabials 7/7, 
with numerous minute sensory pits, irregularly increasing 
in size posteriorly; last one ~2 times longer, but as high as 
first; second supralabial contacting nasal, prefrontal and pre-
ocular; third contacting preocular and eye; fourth contacting 
eye and lower postocular; fifth contacting lower postocular 
and anterior temporal; sixth contacting anterior and lower 
posterior temporals; seventh contacting lower posterior tem-
poral and first scale of dorsolateral and lateral body scale row. 
Temporals 1 + 2 + 3; first and second temporals about twice 
as long as high; third temporals almost as long as high. Mental 
triangular, as long as wide, separated from chinshields by first 
pair of infralabials, which are in contact with each other along 
the ventral midline. Infralabials 7/7, with numerous minute 
sensory pits; fourth the largest, second the smallest; first to 
fourth contacting anterior pair of chinshields (fourth in point 
contact); fourth infralabial contacting posterior chinshield 
and first gular. Two pairs of chinshields; anterior chinshields 
projecting frontolaterally, about twice as wide as long and 
~1.6 times shorter than posterior chinshields; posterior 
chinshields ~2.5 times longer than wide, laterally contacting 

fourth infralabial, posteriorly separated from first preventral 
by two rows of gulars. Anterior row of gulars consists of six 
scales; second row consists of seven scales.

Summary of morphometric and meristic data: SVL 156 mm; TaL 
24 mm; TL 180 mm; HL 7.1 mm; HW 4.7 mm; ED 1.0 mm; 
DSN 0.6  mm; DNE 1.5  mm; SnL 2.1  mm; RW 1.8  mm; RH 
0.5 mm; DSR 17-17-17; SL 7/7; IL 7/7; PrO 1; PtO 2; SuO 1; 
IN 2; LoR 0; TMP 1 + 2 + 3; CS 2 + 2; V 171; SC 38.

Coloration of holotype in life (Fig. 4A, B):  The top of the head is 
boldly marked with a dense light yellowish cream colour from 
the rounded tip of the snout distally to the ends of the parietal 
shields, and laterally ending abruptly where the top of the head 
makes a sharp downturn to the vertical sides of the face. Dense 
black pigment surrounds the nostrils, completely colouring the 
small rostral, and makes two similar-sized black spots at the 
distal edges of the prefrontals. Small black specks are scattered 
loosely on the frontal and parietal scales and in some of the de-
pressions between the head scales. The sides of the face are coal 
black beginning on the loreal and anterior-most labial in front 
of the eye and sweeping backwards from the orbit to become a 
two- to three-scale-wide dorsolateral intense black stripe all the 

Figure 9. Three-dimensional model of the left maxilla of the holotype of Paikwaophis kruki (RBINS 2734) based on μCT imagery. A, labial 
view. B, lingual view. C, dorsal view. D, ventral view. Abbreviations: ep, ectopterygoid process; pp, palatine process. The white arrows point to 
the rostral end of the cranium.
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way onto the tail. The eye is entirely embedded in the black lat-
eral stripe. The iris is dark reddish orange or rust coloured. Also 
beginning on the upper labials are three or four light blue spots 
that fuse posteriorly and become a very distinct ventrolateral 
stripe including the ventral-most dorsal scale and a small lateral-
most portion of the adjacent ventral scales, running in parallel 
with the wider black stripe all the way onto the sides of the tail. 
The ventral pattern is a shiny, slick black colour beginning at the 
base of the chin and running all the way to the tip of the tail. A 
bold white to very light blue midventral stripe about one-fifth 
the width of the black ventral scales begins on the second ventral 
scale and runs all the way to the anal scale. The undersurface of 
the chin is densely black, but the chinshields have small whitish 
blotches, and each lower labial has a bold white oval spot. The 
dorsal pattern consists of a thin, one-scale-wide, continuous, 
black line in the middle of an eight- or nine-scale light brown 
stripe. The main impressions of the colour pattern are a light 
brown snake with a boldly whitish head and a light bluish streak 
on dense black sides.

Coloration of the holotype in preservative (Fig. 4C, 5):  After 22 
months in ethanol preservative, the overall coloration of the 
holotype appears only slightly faded from the condition of the 
live snake. The light brown dorsal colour has faded slightly, 
but the black-pigmented venter, lateral and middorsal stripes 

and chin are essentially the same. The blue colour of the lat-
eral and midventral stripes has disappeared from the remaining 
underlying white colour.

Osteology (Figs 6–13):  Skull and postcranial skeleton are well 
ossified.

Snout: The premaxilla (Fig. 8) is short and blunt. The ascending 
process is frontolaterally expanded and slanted posteriorly, 
giving it a wishbone shape from above, with its anterior surface 
having a sigmoid curvature in the lateral view. The transverse 
process is short and slightly curved, almost rectangular in shape 
in dorsal view. The posterior end of the vomerine process bears a 
notch; it fails to contact the tip of the septomaxilla. Both anterior 
and posterior sections of the nasal bone are tapered; the dorsal 
surface is bulged.

Braincase (Fig. 7):  The parietal is short and blunt, lacking a 
conspicuous lateral ridge (= adductor ridge). The lateral as-
pect of the prefrontal exhibits an expanded lateral lamina. 
The dorsal margin of the prefrontal bears a notch that almost 
contacts the lateral edge of the dorsal lamina of the nasal. The 
lateral aspect of the prefrontal shows a conspicuous outer or-
bital ridge. The lateral foot process is well developed, in con-
tact with the dorsal surface of the maxilla, where it expands 

Figure 10. Three-dimensional model of the left palatine and pterygoid of the holotype of Paikwaophis kruki (RBINS 2734) based on μCT 
imagery. A, labial view. B, lingual view. C, ventral view. D, dorsal view. Abbreviations: chp, choanal process of the palatine; mp, maxillary 
process of palatine; PA, palatine; PT, pterygoid. The white arrows point to the rostral end of the cranium.
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frontally and dorsally as a plate, giving it an inverted T-shape 
in lateral view. The medial extension is short, poorly differen-
tiated and almost in contact with the pterygoid. The lacrimal 
foramen is large and vertically ovoid. The anterior margin of 
the frontal is trapezium-shaped; the lateral margin is slightly 
convex. The postorbital is highly reduced, crescent-shaped, 
not in contact with the frontal. Supraoccipital sagittal and 
adductor crests are poorly developed. The basisphenoid is 
wide, with no conspicuous lateral ridges on the ventral sur-
face. The parasphenoid rostrum is not divided. The columella 
is short and thick, approximately as long as the diameter of its 
footplate.

Palatomaxillary arch: The maxilla (Fig. 9) is short and stout, with 
a strong sigmoid curvature in dorsal and ventral view. The pala-
tine process of the maxilla is elongate, with its tapered rounded 
tip strongly curved towards the ectopterygoid process. The 
ectopterygoid process is expanded, short and sharp. The maxilla 
has nine teeth on each side, with one row of replacement teeth on 
the lingual side. The palatine (Fig. 10) bears five teeth, with one 
row of replacement teeth on the labial side. The choanal process 
of the palatine is curved towards the rostral end of the cranium 
and is shark-fin-shaped in dorsal view. The maxillary process of 
the palatine is short and small. The pterygoid (Fig. 10) is slender 

and lanceolate, ~1.6 times the length of the palatine, bearing 
eight teeth on its anterior portion only (i.e. approximately half of 
its length), with one row of replacement teeth on the labial side. 
The ectopterygoid process is large and well defined, outwardly 
curved in dorsal view; its anterior part is horizontally expanded, 
bearing a large notch. The lateral furculum of the ectopterygoid 
is short and sharp; the medial furculum is straight and elongate 
with a pointed tip.

Suspensorium and mandible: The mandible (Fig. 11) is stout 
and moderately curved. The dorsal process of the dentary is 
upwardly curved and expands further posteriorly than the ven-
tral process. The dentary bone bears 12 teeth, with one row 
of replacement teeth on the lingual side. The largest dentary 
nutrient foramen is elongated, oval-shaped and lies below the 
seventh tooth. The prearticular crest of the compound bone 
is about twice as high as the surangular crest. The angular is 
slender and triangular. The splenial is triangular, tooth-shaped 
and slightly shorter than the angular. The supratemporal is flat 
and slender, having a sigmoid curvature in the dorsal view, 
with its posterior margin outwardly curved. The quadrate is 
expanded and stout, almost triangular in lateral view, and ap-
proximately as long as the supratemporal. The supratemporal 
angular surface of the quadrate is expanded and elongated. The 

Figure 11. Three-dimensional model of the left mandible of the holotype of Paikwaophis kruki (RBINS 2734) based on μCT imagery. A, 
labial view. B, lingual view. C, dorsal view. D, ventral view. Abbreviations: AN, angular; CP, compound bone; D, dentary; dpd, dorsal process 
of dentary; mf, mandibular fossa; pcr, prearticular crest; rp, retroarticular process of compound bone; sac, surangular crest of compound bone; 
SP, splenial; vpd, ventral process of dentary. The white arrows point to the rostral end of the cranium.
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stylohyal is long, completely fused with the quadrate, strongly 
protruding backwards.

Dentition: Diacranterian (presence of a diastema), aglyphous 
opisthodont (ungrooved fangs); prediastemal maxillary teeth: 
7/7; postdiastemal maxillary teeth: 2/2; pterygoid teeth: 8/8; 
palatine teeth: 5/5; dentary teeth: 12/12.

Postcranial skeleton: Trunk vertebrae 175, neural spines 
smooth, ungrooved and not laterally expanded; conspicuous 
hypapophyses present on anterior trunk vertebrae only (ap-
proximately one-quarter of trunk vertebrae, hypapophyses 

abruptly decreasing in size from ~46th vertebra), absent 
on posterior vertebrae; caudal vertebrae 42, with distinct 
haemapophyses.

Distribution and natural history:  The forest at the type locality is a 
fairly dense growth of small [10–13 cm diameter at breast height 
(DBH)] to medium (15–45 cm DBH) trees, with an occasional 
large tree > 45 cm DBH. Their trunks are densely grown, with 
a 5-cm-deep cover of moss to ≥  1.5 m above the ground, but 
many trees are mossy to their canopy limbs. The trees are ~30 m 
high, and few have branches until ~25 m. Large aroids with big 
whorled leaves are epiphytes from ground level to the bottom 

Figure 12. A, D, three-dimensional model of a mid-body vertebra of: A, the holotype of Paikwaophis kruki (RBINS 2734); and D, Xenopholis 
scalaris (NHMUK 2023.3195) based on μCT imagery. B, C, E, F, three-dimensional model of the last maxillary tooth of: (B, C) the holotype 
of Paikwaophis kruki (RBINS 2734); and (E, F) X. scalaris (NHMUK 2023.3195) based on μCT imagery. Abbreviation: MX, maxillary. The 
white arrow points to the rostral end of the cranium.
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Figure 13. Three-dimensional model of the skull of: A, the holotype of Paikwaophis kruki (RBINS 2734); and B, Xenopholis scalaris 
(NHMUK 2023.3195) in frontal view, based on μCT imagery. Abbreviation: lf, lacrimal foramen.
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Figure 14. Three-dimensional model of the complete skeleton of the syntype of Xenopholis scalaris (BMNH 1946.1.8.66) based on μCT 
imagery. A, dorsal view. B, ventral view. Note the hemipenial body in pink.
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Figure 15. Three-dimensional model of the skull of Xenopholis scalaris (NHMUK 2023.3195) based on μCT imagery. A, dorsal view. B, 
lateral view. C, ventral view. Abbreviations: bo = basioccipital; bs, basisphenoid; col, columella; cp, compound bone; cps, conchal process 
of septomaxilla; d, dentary; ecp, ectopterygoid; exo, exoccipital; f, frontal; mx, maxillary; na, nasal; occ, occipital; p, parietal; pal, palatine; 
pfr, prefrontal; pmx, premaxilla; po, postorbital; pro, prootic; psp, parasphenoid rostrum; pt, pterygoid; q, quadrate; smx, septomaxilla; so, 
supraoccipital; st, supratemporal; su, supraorbital; v, vomer.
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of the canopy branches, but only on ~20% or less of the trees. 
An understorey layer of small-diameter brush with dwarf palms 
and long, strap-leaved Rapateaceae exists, with lots of pesky 
vines that make walking a challenge. The ground is covered with 
30–45 cm of recently fallen leaf litter over peaty soil invaded by 
fine roots growing upwards from larger roots of the trees. Many 
of the small- to medium-sized trees are prop-rooted species, with 
a labyrinth of declivities among them filled with leaf litter and/or 
moss. These are havens for many tiny frogs that we hear calling 
all day long and at night. The mossy epiphyte load is not so vig-
orous as in a more substantial cloud forest, but getting there.

The skull of Paikwaophis kruki appears to be conducive to bur-
rowing in the soft peaty soil immediately under the decomposing 
top layer of the leaf litter of cloud forests, and we assume that the 
new genus is fossorial or semi-fossorial, as also suggested by, inter 
alia, the highly reduced postorbital bones (Cundall and Irish 2008).

Paikwaophis kruki is saurophagous, at least in part, given that we 
found a few small lizard scales in the large intestine of the holotype.

Unlike its sister genus (Xenopholis), defensive mechanisms, 
such as body flattening and head hiding (e.g. Mira-Mendes et al. 
2013, de Oliveira Meneses et al. 2022), have not been observed 
in Paikwaophis.

D I S C U S S I O N
Molecular data strongly support Paikwaophis to be a member 
of Xenodontinae (Dipsadidae), most closely related to the 
genus Xenopholis. The sister relationship with Xenopholis is sur-
prising because these two genera are strikingly different both 
morphologically and osteologically. Given that the holotype of 
Paikwaophis is an immature female, we used only comparative 
osteological characters that are not strongly influenced by onto-
genetic changes (e.g. dentition and shape of vertebrae; see Palci 
et al. 2016, for instance). Although a lack of material hampers 
a thorough osteological comparative analysis with all known 
Xenodontinae genera, our results suggest that homoplasy is wide-
spread in osteological characters in this group and could con-
found evolutionary inferences; a finding that is consistent with 
the results of, e.g. Hofstadler-Deiques and Lema (2005), who in-
ferred close phylogenetic affinities between Elapomorphini and 
Atractaspididae based on cranial morphology, an assumption 
unsupported by any recent comprehensive molecular phylogen-
etic analyses (e.g. Pyron et al. 2011).

Our results provide new insights on the molecular phylo-
genetic position of Xenopholis, a genus until now considered 
as incertae sedis based on both morphology (e.g. Zaher 1999, 
Jansen et al. 2009) and molecular data (e.g. Grazziotin et al. 2012, 
Pyron et al. 2011, 2015). Recent molecular phylogenies placed 
Xenopholis either sister to Hydrodynastes Fitzinger, 1843 (e.g. 
Pyron et al. 2011, 2015, Grazziotin et al. 2012) or to Caaeteboiini 
(Moraes et al. 2021), all with low support. Given that no data 
about hemipenial characters are available for Paikwaophis at 
this stage, we refrain from erecting two new distinct tribes for 
Xenopholis and Paikwaophis, but we note that the recognition of 
higher taxa for these two genera could be appropriate.

It should be mentioned that the syntype of X. scalaris in NHM 
is BMNH 1946.1.8.66 and not BMNH 1946.1.8.60 as reported 
in the literature and most online databases since Peters (1960).

CO N CLU S I O N
Paikwaophis kruki is a rare species of aglyphous dipsadid, 
known only from the recently collected female holotype and 
probably restricted to the cloud forest of the Eastern Pantepui 
District in the Guiana Shield highlands. Its closest known rela-
tive is the genus Xenopholis, an opisthoglyphous Xenodontinae 
characterized by unique and distinctive vertebrae (neural 
spines expanded laterally, forming rugose shields divided by 
a median groove). Xenopholis is widespread in South America 
and currently contains three species. The two genera are strik-
ingly different both morphologically and osteologically. The 
skeletal morphology of Paikwaophis kruki suggests that it is 
fossorial or semi-fossorial, which could help to explain its ap-
parent rarity. This description brings the number of Pantepui 
endemic reptile genera to six. To date, Paikwaophis is the only 
known endemic snake genus in the Pantepui biogeographical 
region.

SU P P L E M E N TA RY  DATA
Supplementary data is available at Zoological Journal of the 
Linnean Society online.
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