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Abstract Caecilians of the genus Ichthyophis Fitzinger, 1826
are among the most poorly known amphibian taxa within
Southeast Asia. Populations of Ichthyophis from the
Indochina region (comprising Cambodia, Laos, and
Vietnam) have been assigned to five taxa: Ichthyophis

acuminatus, Ichthyophis bannanicus, Ichthyophis
kohtaoensis, Ichthyophis laosensis, and Ichthyophis
nguyenorum. Barcoding of recently collected specimens indicates that Indochinese congeners form a clade that includes
several morphologically and genetically distinct but yet
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undescribed species. Although body coloration is supported
by the molecular analyses as a diagnostic character at species
level, unstriped forms are paraphyletic with respect to striped
Ichthyophis. Based on our morphological and molecular analyses, three distinct unstriped ichthyophiid species, Ichthyophis
cardamomensis sp. nov. from western Cambodia, Ichthyophis
catlocensis sp. nov. from southern Vietnam, and Ichthyophis
chaloensis sp. nov. from central Vietnam are described as new
herein, almost doubling the number of Ichthyophis species
known from the Indochinese region. All three new species
differ from their unstriped congeners in a combination of
morphological and molecular traits. In addition, redescriptions
of three unstriped Ichthyophis species (Ichthyophis
acuminatus, I. laosensis, I. youngorum) from Indochina and
adjacent Thailand are provided.
Keywords Biogeography . Caecilians . Indochina .
Cambodia . Laos . Thailand . Vietnam . mtDNA . Barcoding .
COI . cyt b . Phylogeny . Integrative taxonomy

Introduction
Southeast Asia is one of the global centers of species richness
for caecilian amphibians (Order Gymnophiona), currently
hosting about 15 % (29 of 200) of the globally known species
(AmphibiaWeb 2014), all belonging to the family
Ichthyophiidae. However, the number of described species
in Southeast Asia is likely to be greatly underestimated (e.g.,
Nishikawa et al. 2012a). The insufficient knowledge about
ichthyophiid taxonomy, distribution, and phylogeny in
Southeast Asia relates to their secretive fossorial life history,
resulting in mostly small sample sizes (Himstedt 1996, Kupfer
et al. 2005), as well as relatively low interspecific morphological variability in traditional characters (Gower et al. 2002;
Nishikawa et al. 2012a). In addition, the barely known intraspecific variability of external traits, due to the often insufficient sample sizes further complicates taxonomic decisions.
However, the majority of Ichthyophis species (27 of 48) bear a
lateral yellowish or cream stripe whereas the remaining species are unstriped.
Historically, Taylor (1962, 1968), subdivided the genus into two “groups” (striped and unstriped species) in
his identification keys, but recent molecular phylogenies
(e.g., Gower et al. 2002; Frost et al. 2006; Nishikawa
et al. 2012a) indicated the non-monophyly of unstriped
ichthyophiids, which can be explained by heterochrony,
i.e., by a retention of larval traits in different lineages.
Lateral stipes in striped Ichthyophis species usually develop after hatching, during larval stages 37–38 of
Dünker et al. (2000) or during metamorphosis (stage 40
of Dünker et al. 2000). However, there is a certain
variation in time of lateral stripe appearance among
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d i ffe r en t I c h t h y op h i s s pe c i e s ( B r e c ke n r i dg e &
Jayasinghe 1979; Dünker et al. 2000). Nevertheless coloration features remain an important character for species
identification (Nishikawa et al. 2012a, b, c).
For Cambodia, Laos, and Vietnam (Indochina, sensu
Bain & Hurley 2011), knowledge about caecilians is as poor
as in the other parts of Southeast Asia. The first to report
Ichthyophis from Indochina was Günther (1864) based on a
specimen collected by H. Mouhot during his expedition
from 1858 until 1861. In the following decades, caecilian
specimens (all bearing a lateral stripe) from Indochina were
determined as Ichthyophis glutinosus, originally described
from Sri Lanka (Linnaeus, 1754), by different authors
(Morice 1875; Tirant 1885; Angel 1929; Poilane 1937;
Bourret 1939, 1942). In the 1960s, Taylor (1960, 1969)
described the first unstriped Ichthyophis species from
Indochina (Ichthyophis laosensis) based on specimens collected in the first half of the twentieth century. After a gap of
a decade, Tran et al. (1981) again mentioned the occurrence
of Ichthyophis in Indochina in their baseline surveys in
Vietnam covering 1955 to 1976. Though several specimens
were collected and reported in the following years (Orlov
et al. 2002; Ziegler 2002; Teynié et al. 2004; Stuart et al.
2006; Orlov & Ananjeva 2007; Nguyen et al. 2009;
Wilkinson et al. 2014), the taxonomic status of the
Indochinese populations remained unclear. Gower et al.
(2002) showed some affinities of striped specimens from
northern Vietnam with Ichthyophis bannanicus Yang, 1984
and stated that some populations from central Vietnam
belong to another, yet undescribed species, later affirmed
by the results of Nishikawa et al. (2012b). Teynié et al.
(2004) on the other hand grouped all Indochinese specimens
under the name Ichthyophis cf. kohtaoensis, whereas
Nguyen et al. (2009) considered all Vietnamese populations
to belong to I. bannanicus Yang, 1984. Orlov & Ananjeva
(2007) restricted I. bannanicus to northern Vietnam and
southern China only and reported I. kohtaoensis from
southern Vietnam, as well as a number of undescribed
species from the central and northeastern parts of the
country. Nishikawa et al. (2012a, b) provided an integrative systematic and taxonomic approach to the
Ichthyophis populations from Indochina by documenting
cryptic diversity as well as the description of a new
species, Ichthyophis nguyenorum, from the Annamite
range.
During extensive herpetological sampling in Cambodia
and Vietnam from 2008 to 2011, several unstriped
Ichthyophis specimens were found, representing the first records of unstriped Ichthyophis for various zoogeographical
subunits of Indochina (fide Bain & Hurley 2011; Neang et al.
2010). Molecular and morphological analyses revealed the
presence of three previously unknown species, which we
describe herein.
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Materials and methods
Sampling
Field surveys were conducted by P. Geissler in Cat Tien
National Park, Dong Nai Province and Lam Dong Province,
Vietnam from March until June 2009; by N.A. Poyarkov in
Cat Tien National Park, Dong Nai Province, Vietnam from
March until June 2009 and from May to July in 2010 and 2011
and in Cat Loc area of Cat Tien National Park, Lam Dong
Province, Vietnam from 18 to 25 of June 2011; by Truong
Quang Nguyen, Hang Thi An and Cuong The Pham in the
extension area of Phong Nha-Ke Bang National Park, in Minh
Hoa District, Quang Binh Province, Vietnam in September
2011; and in July 2009 and September 2010 by Neang Thy,
Evan S.H. Quah and Jeff Dawson at O’Peam in Cambodia.
During a total time of 95 days spent in the field, Ichthyophis
specimens were found in leaf litter, under rotten logs, and
along stream beds (day and night) as well as in drift fence
traps. Specimens examined for this study are deposited in the
collections of the following institutions: American Museum of
Natural History (AMNH), New York, USA; Centre for
Biodiversity Conservation (CBC) at the Royal University of
Phnom Penh, Cambodia; Field Museum of Natural History
(FMNH), Chicago, USA; Institute for Ecology and Biological
Resources (IEBR), Hanoi, Vietnam; Herpetological collections of La Sierra University, California, USA (LSUHC);
Muséum Nationale d’Histoire Naturelle (MNHN), Paris,
France; Natural History Museum (BMNH), London, UK;
Zoologisches Forschungsmuseum Alexander Koenig
(ZFMK), Bonn, Germany; and Zoological Museum of
Lomonosov Moscow State University (ZMMU), Russia.
Studied localities and distributional data on unstriped
Ichthyophis from mainland SE Asia obtained from the literature are shown in Fig. 1. See also Appendices 1, 2, and 3 for
materials examined.

DNA extraction, PCR, and sequencing
For molecular analysis, total genomic DNA was extracted
from ethanol-preserved muscle or liver tissues or from
EDTA-preserved red blood cells using standard phenol–chloroform extraction procedures (Hillis et al. 1996) followed by
isopropanol precipitation. The isolated total genomic DNA
was visualized in agarose electrophoresis in presence of
ethidium bromide. The concentration of total DNA was measured in 1 μl using NanoDrop 2000 (Thermo Scientific) and
consequently adjusted to ca. 100 ng DNA/μl. We amplified
two mitochondrial DNA (mtDNA) fragments containing a ca.
660 bp fragment at the 5′ end of the mitochondrial gene
cytochrome c oxidase subunit 1 (COI) and a complete sequence of cytochrome b gene (cyt b).
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We used a combination of primers for amplification and
sequencing. Primers used both for PCR and sequencing are
summarized in Table 1. The obtained fragments were sequenced using sequencing primers COI-CO1 and COI-CO3
in both directions for each sample, and a consensus sequence
was generated. Amplification was performed in 25 μl reactions using ca. 50 ng genomic DNA, 10 nmol of each primer,
15 nmol of each dNTP, 50 nmol additional MgCl 2, Taq PCR
buffer (10 mm Tris–HCl, pH 8.3, 50 mM KCl, 1.1 mM MgCl
2, and 0.01 % gelatine) and 1 U of Taq DNA polymerase. For
LepF1/Lep R1 or VF1-d/VR1-d primer cocktails PCR conditions followed the protocols of Ivanova et al. (2006): an initial
denaturation step at 95 °C for 3 min followed by five cycles at
95 °C for 30 s, annealing at 45 °C for 1 min, extension at 72 °C
for 2 min followed by 35 cycles at 95 °C for 30 s, annealing at
51 for 1 min, extension at 72 °C for 2 min, and final
extension of 5 min at 72 °C; for the COI-CO1–COI-CO4
primer cocktail, the PCR conditions followed Che et al.
(2012): an initial denaturation step at 95 °C for 5 min; 35
cycles of denaturation for 1 min at 94 °C, annealing for
1 min at 45 °C, extension for 1 min at 72 °C, and the final
extension step at 72 °C was conducted for 10 min. The
fragment containing the complete cyt b gene was amplified using primers and following PCR conditions given in
Nishikawa et al. (2012a) (for primers, see Table 1); the
PCR conditions were as follows: initial denaturation step
at 94 °C for 4 min, 33 cycles of 94 °C for 30 s, 53 °C for
30 s, 72 °C for 2 min, followed by a final extension at
72 °C for 7 min.
PCR products were loaded onto 1 % agarose gels, stained
with GelStar gel stain (Cambrex), and visualized in a Dark
reader transilluminator (Clare Chemical). Products were purified using 2 μl, from a 1:4 dilution of ExoSapIt (Amersham),
per 5 μl of PCR product prior to cycle sequencing. A 10-μl
sequencing reaction included 2 μl of template, 2.5 μl of
sequencing buffer, 0.8 μl of 10 pmol primer, 0.4 μl of
BigDye Terminator v.3.1 Sequencing Standard (Applied
Biosystems), and 4.2 μl of water. The cycle-sequencing reaction was 35 cycles of 10 s at 96 °C, 10 s at 50 °C, and 4 min at
60 °C. Cycle-sequencing products were purified by ethanol
precipitation. Sequence data collection and visualization were
performed on an ABI 3730xl automated sequencer (Applied
Biosystems). The obtained sequences are deposited in
GenBank under the accession numbers KP264580–
KP264628 (see Appendix 1; to be added upon manuscript
acceptance).
Phylogenetic analyses
A 660-bp COI fragment and a 1296-bp fragment containing
the complete cyt b gene sequence were included in the final
alignment and subjected to phylogenetic analyses; the
concatenated sequence of the two fragments comprised up to
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Fig. 1 Map showing the type localities (filled symbols) and additional
known localities (white symbols) of unstriped Ichthyophis Fitzinger, 1826
from Indochina and northernThailand: Ichthyophis acuminatus (triangle
marking the locality of the holotype (1): Mae Wang district, Chiang Mai
Province, northern Thailand; and paratype (M. Smith no. 5656) (2):
Muang Liep, Sayaboury Province, Central Laos; Ichthyophis
cardamomensis sp. nov. (five-point star (3) marking Dalai Mountain,
Phnom Samkos Wildlife Sanctuary, Cardamom Mountains,
southwestern Cambodia); Ichthyophis catlocensis sp. nov. (diamond (4)
marking Cat Tien National Park, Lam Dong Province, southern Vietnam);

Ichthyophis chaloensis sp. nov. (square (5) marking Cha Lo Village,
Quang Binh Province, Central Vietnam); Ichthyophis laosensis (type
locality stated as “Haute Laos” (now: Central Laos) by Taylor 1969),
not restrictable to a certain locality (four-point star (6) marking Luang
Prabang, the former French administrative centre of Haute Laos);
Ichthyophis youngorum (filled circle (7) marking Bhuping summer
palace of their Majesties, King Bumipol and Queen Sirikit (18° 48′
17.9″ N; 98° 53′ 46.6″ E); and white circle (8) marking Doi Angkang;
both localities situated in Chiang Mai Province, northern Thailand)

1956 bp. The sequence data were translated into amino acids
to confirm the absence of premature stop codons (thus minimizing the risk of including erroneously sequenced nuclear
DNA pseudogenes into the analysis). Sequences were also
submitted to a BLAST search in GenBank to confirm that the
required sequences had been amplified. Nucleotide sequences
were aligned using ClustalX 1.81 (Thompson et al. 1997) with
default parameters, and then optimized by eye in BioEdit
7.0.5.2 (Hall 1999).

We inferred phylogenies by a maximum likelihood (ML),
maximum parsimony (MP), and a Bayesian approach (BI).
Phylogenetic analyses were conducted in Treefinder (Jobb
et al. 2008), PAUP v.4.0b4a (Swofford 2003), MrBayes 3.1
(Ronquist & Huelsenbeck 2003), and MEGA 5.0 (Tamura
et al. 2011). Uncorrected genetic distances (p-distance) between sequences were calculated in MEGA 5.0.
ML analysis was run in Treefinder (Jobb et al. 2004).
MODELTEST v.3.06 (Posada & Crandall 1998) was used to
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Table 1

Primers used in the study

Primer name

Primer sequence (5′–3′)

Gene

Reference

LepF1

ATTCAACCAATCATAAAGATATTGG

COI

Hebert et al. (2004a)

LepR1

TAAACTTCTGGATGTCCAAAAAATCA

COI

Hebert et al. (2004a)

VF1-d

TTCTCAACCAACCACAARGAYATYGG

COI

Ivanova et al. (2006)

VR1-d

TAGACTTCTGGGTGGCCRAARAAYCA

COI

Ivanova et al. (2006)

COI-CO1

TYTCWACWAAYCAYAAAGAYATTGG

COI, s

Che et al. (2012)

COI-CO2

AYTCAACAAATCATAAAGATATTGG

COI, a

Che et al. (2012)

COI-CO3

ACYTCYGGRTGACCAAARAAYCA

COI, s

Che et al. (2012)

COI-CO4

ACYTCRGGRTGACCAAAAAATCA

COI, a

Che et al. (2012)

Ich_cytb_F1

ACAARACYAAACATTCCAACA

cyt b

Nishikawa et al. (2012a)

Ich_cytb_F2

GCTTTTCAGTAGAYAAAGCCAC

cyt b

Nishikawa et al. (2012a)

Ich_cytb_R1

GTTTCATGRAGRAAAATAAGGTG

cyt b

Nishikawa et al. (2012a)

Ich_cytb_R2

TTYAGTTTACAAGRCTRATGCTT

cyt b

Nishikawa et al. (2012a)

Primers used in the study. Abbreviations: a indication for amplification, s sequence primers

estimate the optimal evolutionary models to be used for the
dataset analysis. The best-fit model was (GTR+I+G), as
determined by the Akaike information criterion (AIC). The
proportion of invariable sites, I=0.55, for among-site rate
variation followed a gamma distribution, with the shape parameter α = 1.32. We performed a heuristic ML search
(Felsenstein 1985a) with ten random-addition sequence replicates and tree-bisection-reconnection (TBR) branch
swapping.
The MP analysis was conducted with PAUP (Swofford
2003), using a heuristic search and the closest step-wise
sequence addition algorithm. Most-parsimonious trees
were generated with 100 random-addition sequences and
the TBR algorithm, for branch swapping. For the MP
analysis, we performed ten random-addition replicates.
Transitions and transversions were equally weighted.
We performed partitioned Bayesian analysis (BI) following
two different strategies: partition by codon and gene (6 parts,
1st, 2nd, and 3rd positions in COI and cyt b) and a partition by
gene (2 parts, COI and cyt b). In order to decide which
partition is more appropriate for our data, we used Bayes
factors. Separate evolutionary models and parameters that best
fit each partition were selected for each codon position and
gene of cyt b and COI using PAUP (Swofford 2003) and the
Akaike Information Criterion implemented in MrModeltest
v.2.2 (Nylander 2004).
These models were used as priors in the Bayesian analyses
in the program MrBayes 3.1. The maximum likelihood tree
for the entire dataset was used as the starting tree in the model
calculations. We ran two independent analyses consisting of
four Markov chains that ran for 20 million generations, sampled every 1000 generations, with default priors, and the
option “prset ratepr” set as “variable.” The temperature was

optimized to 0.3 after several test runs for one million generations. The two runs allowed us to test for convergence using
the online application AWTY. After discarding the first five
million generations, remaining trees from both analyses were
combined and a 50 % majority rule consensus tree was
calculated.
For interpreting the phylogenetic trees, confidence in
tree topology was assessed by non-parametric bootstrap
analysis (Felsenstein 1985b) with 1000 replicates for ML
and MP analyses and by Bayesian posterior probabilities
(PP).
In ML and MP analyses, we a priori regarded tree nodes
with bootstrap values 70 % or greater and posterior probabilities values over 0.95 as sufficiently resolved, those between
70 and 50 % (0.95 and 0.90 for BI) were regarded as tendencies, those below 50 % (0.90 for BI) were considered to be
non-resolved (Huelsenbeck & Hillis 1993); when at least two
out of the three analyses implemented showed significant
values of node support, the node was considered to be wellsupported; those nodes in which at least one analyses showed
significant node support values were regarded as moderately
supported.
In the phylogenetic analysis of cyt b sequence data conducted separately from the COI dataset, we included the cyt b
sequences available in Genbank. For a full list of Genbank
sequences used in our phylogenetic analyses and a comparison of their taxonomic allocation, see Appendix 2.
Uraeotyphlus oxyurus served as an outgroup, since
Uraeotyphlus was found to be a sister taxon to
Ichthyophiidae (Zhang & Wake 2009) with the exception of
“Ichthyophis” bombayensis, which likely warrants a new generic name (Gower et al. 2002; Pyron & Wiens 2011; Frost
2014).
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Morphological analysis
Measurements and counts followed Nussbaum & Gans
(1980), Kupfer & Müller (2004), and Wilkinson et al.
(2007). Measurements of metamorphosed specimens (specimens of unknown age, but without any traceable larval characters) were taken with digital calipers to the nearest 0.1 mm.
The following characters were recorded: total length (TL); tail
length, from the posterior end of vent slit to tip (TAL); body
width at first nuchal groove (BW1); midbody width (BW2);
body width at the anterior edge of vent disc (BW3); head
length, snout tip to first nuchal groove, measured ventrally
(HL); head width at corner of mouth (HW); upper jaw length,
from snout tip to corner of mouth (UJL); lower jaw length,
from tip of lower jaw to corner of mouth (LJL); snout projection, from snout tip to anteriormost point of lower jaw (SP);
distance between eye and lip, in lateral view (EL); eye-snout
distance, from anterior border of the eye to snout tip, measured
laterally (ES); interorbital distance (EE); internarial distance
(NN), inter-tentacle distance (TT); eye-naris distance (EN);
eye-tentacle distance (ET); tentacle-naris distance (TN); eye
diameter, widest diameter of the visible part of the eye (ED);
distance of eyes to top of head, in lateral view (ETH); and
distance of eyes to upper lip, in lateral view (EL). We calculated the following ratios: (1) tentacle-naris distance/eyetentacle distance (TN/ET); (2) head length/eye diameter
(HL/ED); (3) snout projection/head length (SP/HL); (4) total
length/tail length (TL/TAL); (5) total length/midbody width.
In addition to measurements, counts were made of the following characters: total annuli in dorsal count, from posterior
margin of second collar (third nuchal groove) to tail cap
(except the latter) (TAD); total annuli (except the tail cap) in
ventral count (TAV); total annuli interrupted (at least one
annular groove) by the disc surrounding the vent (AV); total
annuli posterior to the cloacal disc (TAT); premaxillarymaxillary teeth (PMM); vomeropalatine teeth (VP); dentary
teeth (DE); and inner mandibular teeth (IM, so-called splenial
teeth). All tooth counts included ankylosed teeth and empty
sockets. Vertebrae (VERT) were counted from radiographs
taken with a Faxitron SR LX-60 at the Zoologisches
Forschungsmuseum Alexander Koenig (ZFMK). Scale rows
per pocket were counted after dissecting selected scale
pockets dorsolaterally. Distribution of scales on body was
only used for comparison in species where body size ranges
of known specimens were comparable.
Morphological comparison was based on examination of
specimens (see Appendix 3) and data obtained from literature:
Annandale (1909), Bain & Hurley (2011), Bleeker (1858),
Chan et al. (2010), Chan-ard (2003), Chan-ard et al. (1999),
Frost (2014), Grismer & Aun (2008), Kamei et al. (2009),
Manthey & Grossmann (1997), Mathew & Sen (2009),
Nabhithabhata & Chan-ard (2005), Nabhitabhata et al.
(2000), Nishikawa et al. (2012b, c), Nutphund (2001), Peters
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(1880), Pillai (1986), Pillai & Ravichandran (1999), Salvador
(1975), Taylor (1920, 1923, 1960, 1962, 1965, 1968, 1969,
1971, 1973), Wilkinson et al. (2014), and Yang (1984).

Results
Phylogenetic analysis
Sequence variability in Ichthyophis The COI and cyt b
mtDNA fragments consisted of 660 and 1296 sites, of which
684+612 sites, respectively, were conserved, whereas 193
and 612 were variable, 127 and 548 of which are parsimony
informative. The overall transition–transversion bias (R) was
estimated as 3.63 for COI and 3.75 for cyt b, respectively (all
data given for ingroup only). Substitution rates were estimated
under the Kimura (1980) two-parameter model (+G +I).
Nucleotide frequencies were A=27.13 %, T=29.88 %, C=
25.79 %, and G=17.20 % for COI and A=32.13 %, T=
28.74 %, C=27.09 %, and G=12.10 % for cyt b, respectively.
MP analysis yielded a most-parsimonious tree of 445 steps,
consistency index of 0.55325 and retention index of 0.64466.
The ML analysis produced a topology with maximum Log
likelihood −2551.82. A discrete Gamma distribution was used
to model evolutionary rate differences among sites (five categories; +G, parameter=0.6312).
Sequence divergence Our analysis revealed high interspecific
differentiations between Indochinese Ichthyophis species
(Tables 2 and 3). For cyt b (Table 2), the minimal interspecific
uncorrected p-distance (p=4.80 %) within Ichthyophiidae in
our analysis was found between the two striped species
Ichthyophis supachaii from Malay peninsula, Malaysia, and
the species from Java, Indonesia, tentatively identified as
Ichthyophis hypocyaneus by Nishikawa et al. (2012a).
Intraspecific molecular differentiation between the lineages
attributed to Ichthyophis biangularis from Sarawak, Borneo
(p=5.29 %), and Ichthyophis tricolor from southern India (p=
6.50 %), are greater than the interspecific differentiation between I. supachaii and I. cf. hypocyaneus, which possibly
reflects an inadequacy of the present taxonomy in these
groups as noted by Gower et al. (2002) and Nishikawa et al.
(2012a). The maximum p-distance within Ichthyophis (p=
18.99 %) was found between the striped species from offshore
islands in the Gulf of Siam, southern Thailand, identified by
Nishikawa et al. (2012a) as I. cf. kohtaoensis, and an
undescribed species Ichthyophis sp. 4 from Sabah, Borneo.
The maximum genetic distance between the out- and ingroup
species was observed between U. oxyurus and an unidentified
species Ichthyophis sp. 3 from Sarawak, Borneo (p=22.61 %),
and the smallest genetic distance (p=16.52 %) between
“Ichthyophis” cf. bombayensis from southern India (shown
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The ingroup mean uncorrected p-distances are shown on the diagonal and shaded with grey

25Ichthyophis glutinosus
26“Ichthyophis” bombayensis
27Uraeotyphlus oxyurus

15.9
14.9
11.2
14.4
15.0
14.1

12.7
13.9
14.4
12.7
14.2
13.2
12.8
13.7
14.8
14.0
13.9
13.0
13.3

1.2
1.2
–
9.3
15.5

3

17.6
17.5
15.1
15.3
16.4
16.0

1.3
1.3
1.4
1.3
–
16.4
14.8
13.2
15.7
14.2
15.5
16.3
15.5

1.4
1.2
1.3
1.2
1.3

10

17.3
19.0
13.4
14.6
17.5
15.7

1.3
1.3
1.4
1.1
1.4
–
10.1
11.8
11.0
13.6
14.2
14.9
14.2

1.3
1.2
1.3
1.2
1.4

11

15.7
16.2
12.5
15.1
16.9
15.4

1.3
1.2
1.3
1.0
1.3
1.1
1.9
12.2
11.5
12.6
13.3
14.9
14.9

1.2
1.3
1.2
1.1
1.4

12

16.1
17.9
13.9
15.1
16.6
15.3

1.3
1.2
1.4
1.1
1.2
1.2
1.2
0.3
12.4
11.7
12.7
16.2
15.6

1.3
1.2
1.3
1.1
1.3

13
1.3
1.2
1.3
1.2
1.2

15
1.2
1.2
1.3
1.2
1.2

16
1.2
1.3
1.2
1.2
1.3

17

16.3
18.4
14.4
16.5
18.0
16.4

17.1
18.3
12.9
15.7
16.3
14.6

17.2
18.0
13.3
16.4
16.3
15.5

14.0
14.9
13.2
15.9
16.1
16.2

1.4
1.3 1.3
1.2
1.3
1.2 1.3
1.3
1.4
1.3 1.4
1.2
1.1
1.2 1.2
1.2
1.3
1.2 1.3
1.3
1.1
1.3 1.3
1.2
1.1
1.2 1.2
1.2
1.3
1.1 1.1
1.4
–
1.2 1.3
1.3
13.4 1.6 0.7
1.3
14.4 5.3 –
1.3
16.4 16.0 15.2 1.9
14.8 15.0 15.5 13.9

1.3
1.3
1.4
1.3
1.3

14

15.5
14.8
12.4
14.9
16.4
16.3

1.2
1.3
1.2
1.2
1.2
1.3
1.2
1.3
1.3
1.3
1.3
1.2
–

1.3
1.2
1.3
1.2
1.4

18

0.8
8.3
14.4
15.8
17.2
16.2

1.1
1.3
0.7
1.3
1.4
1.3
1.3
1.4
1.4
1.4
1.4
1.2
1.3

1.2
1.4
1.3
1.2
1.3

19

1.2
1.2
1.2
1.2
1.3
1.3
1.3
1.3
1.3
1.2
1.2
1.3
1.2

1.2
1.2
1.2
1.1
1.2

21

1.2
1.3
1.3
1.3
1.3
1.2
1.2
1.3
1.4
1.2
1.2
1.3
1.2

1.3
1.3
1.3
1.2
1.3

22

1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.4
1.4
1.3
1.3
1.3
1.4

1.3
1.2
1.3
1.2
1.3

23

1.0 1.3 1.3 1.4
0.0 1.3 1.3 1.4
15.3 0.1 1.2 1.3
15.9 13.3 3.3 1.3
18.1 14.6 15.6 1.2
16.2 13.0 14.4 15.7

1.2
1.3
1.0
1.4
1.4
1.5
1.3
1.4
1.4
1.4
1.4
1.3
1.3

1.2
1.4
1.3
1.3
1.3

20

1.3
1.4
1.2
1.3
1.2
6.5

1.2
1.3
1.2
1.1
1.2
1.2
1.2
1.3
1.3
1.2
1.2
1.2
1.3

1.3
1.2
1.2
1.1
1.3

24

1.3
1.3
1.3
1.3
1.1
1.3

1.3
1.2
1.3
1.3
1.3
1.2
1.2
1.2
1.4
1.2
1.2
1.3
1.3

1.3
1.2
1.3
1.2
1.4

25

1.5
1.5
1.4
1.4
1.4
1.5

1.5
1.4
1.5
1.4
1.4
1.4
1.4
1.4
1.4
1.5
1.5
1.4
1.4

1.5
1.5
1.3
1.4
1.5

26

1.5
1.5
1.5
1.4
1.4
1.4

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.6
1.5
1.5
1.5
1.4
1.5

1.6
1.5
1.5
1.5
1.5

27

15.0 13.7 14.6 13.3 17.0 15.5 15.2 15.6 14.1 15.7 15.9 15.1 13.8 17.2 14.7 15.0 15.2 15.4 15.5 16.3 14.0 14.8 10.4 14.7 0.9 1.4 1.5
19.4 19.2 17.3 17.3 20.9 19.1 19.5 19.3 18.1 18.8 18.6 19.1 18.1 20.0 18.7 17.5 18.5 20.2 19.9 21.1 16.5 18.8 17.6 18.9 18.4 –
1.4
19.4 19.5 20.0 19.4 20.1 20.1 20.9 20.9 20.4 19.6 20.6 20.8 21.4 22.6 20.5 20.3 18.4 19.6 21.9 20.7 18.9 18.7 18.1 20.1 19.4 18.0 0.7

15.8
16.2
13.7
14.6
15.4
14.4

14.1
14.1
13.7
15.3
16.2
16.5

20Ichthyophis cf. kohtaoensis
21Ichthyophis pauli
22Ichthyophis beddomei
23Ichthyophis orthoplicatus
24Ichthyophis tricolor

14.1
13.5
15.5
13.2
14.5
14.7
14.1
13.9
14.6
13.9
13.6
14.6
13.7

9.4
12.0
14.7
14.3
16.0
15.9
13.7
15.0
16.4
16.2
15.6
14.0
14.8

6 Ichthyophis sp. 1
7 Ichthyophis cardamomensis sp. nov.
8 Ichthyophis hypocyaneus
9 Ichthyophis cf. mindanaoensis
10Ichthyophis multicolor
11Ichthyophis sp. 4
12Ichthyophis nigroflavus
13Ichthyophis asplenius
14Ichthyophis sp. 3
15Ichthyophis biangularis, clade A
16I. biangularis, clade B
17Ichthyophis sp. 2
18Ichthyophis larutensis
19Ichthyophis supachaii

1.3
–
11.4
9.6
14.8

2

1.6
14.4
13.5
12.5
12.1

1

Uncorrected p-distance (percentage) between cyt b sequences of studied Ichthyophiidae species (below the diagonal) and standard error estimates (above the diagonal)

Ichthyophis bannanicus
Ichthyophis chaloensis sp. nov.
Ichthyophis catlocensis sp. nov.
Ichthyophis lakimi
Ichthyophis nguyenorum

1
2
3
4
5

Species

Table 2
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Table 3 Uncorrected p-distance (percentage) between COI sequences of studied Ichthyophiidae species (below the diagonal) and standard error
estimates (above the diagonal)
Species

1

2

3

4

5

6

7

8

9

1
2
3
4

Ichthyophis bannanicus
Ichthyophis chaloensis sp. nov.
Ichthyophis catlocensis sp. nov.
Ichthyophis nguyenorum

0.68
14.77
14.39
12.68

1.27
–
15.09
14.29

1.20
1.28
–
15.18

1.09
1.18
1.13
2.14

1.05
1.22
1.21
1.06

1.05
1.19
1.18
1.04

1.30
1.29
1.23
1.31

1.24
1.40
1.28
1.14

1.51
1.37
1.55
1.45

5
6
7
8
9

Ichthyophis sp. 1
Ichthyophis cardamomensis sp. nov.
Ichthyophis supachaii
Ichthyophis glutinosus
Uraeotyphlus oxyurus

10.19
12.71
14.20
14.66
21.12

16.04
15.31
16.22
15.16
20.77

15.61
14.02
15.91
14.55
22.27

13.14
9.61
14.75
14.05
20.72

1.44
12.79
13.00
16.15
22.30

1.05
0.91
15.45
13.41
21.67

1.16
1.21
–
16.21
22.12

1.28
1.30
1.25
0.00
19.09

1.36
1.44
1.37
1.49
–

The ingroup mean uncorrected p-distances are shown on the diagonal and shaded with grey

to be a closer relative of Uraeotyphlus rather than to
Ichthyophis by Gower et al. 2002; Roelants et al. 2007; and
other studies) and a recently described striped species
Ichthyophis pauli from Sabah, Borneo (Nishikawa et al.
2013). For corresponding species names used in previous
studies, see Appendix 2.
For COI (Table 2), the minimal interspecific p-distance within
the genus Ichthyophis (p=9.61 %) was found between the
striped species I. nguyenorum from southern Vietnam and the
unstriped species from Cambodia, described below as
Ichthyophis cardamomensis sp. nov., whereas the maximum
p-distance (p=16.22 %) was found between a striped species
from Malaysia, which we identify as I. supachaii, and an
unstriped species from central Vietnam, which we describe
below as Ichthyophis chaloensis sp. nov. The maximum genetic distance between the out- and ingroup species was
observed between U. oxyurus and an unidentified striped
species of Ichthyophis from southern Vietnam, which we
preliminarily indicate here as Ichthyophis sp. 1 (p =
22.30 %), and the minimal between U. oxyurus and
I. glutinosus from Ceylon (p=19.09 %), thus values of genetic
distances in in- and outgroup comparisons do not overlap.
The three unstriped forms of Ichthyophis from Indochina,
which we describe below as new species, were found to form
distinct mtDNA lineages of deep divergence. The closest pdistances were found between I. chaloensis sp. nov. from
central Vietnam and Ichthyophis catlocensis sp. nov. from
southern Vietnam (uncorrected p-distance=11.4 %), and between the clade formed by these two species and Ichthyophis
lakimi, a recently described unstriped species from Borneo,
Sabah (see Nishikawa et al., 2012c) (uncorrected genetic
distance p=9.64 % and p=9.28 %, respectively). The third
unstriped form from Cambodia, which we describe herein as
I. cardamomensis sp. nov., was found to be more closely
related to I. nguyenorum, a striped species recently described
from central Vietnam (see Nishikawa et al. 2012b), with a
genetic p-distance of 10.07 % between them.

Molecular differentiation We grouped the obtained mtDNA
sequences in two datasets. The first dataset combined sequences of 660 bp COI and the complete sequences of
1296 bp of cyt b gene for all available tissue samples of
Ichthyophiidae, including the three new unstriped forms from
Indochina. The ML analysis of this dataset was preformed
with partition strategy by-gene and by-codon, with models
TVM+Г, GTR+Г, and TVM+Г applied to the first, second,
and third codon positions of the cyt b and COI genes, respectively. This dataset of 1956 bp allowed us to provide preliminary considerations on the phylogenetic position of the three
new unstriped forms of Ichthyophis within Ichthyophiidae
(see Fig. 2). The second dataset encompassed 104 full cyt b
gene sequences, including 19 sequences obtained for this
study and 85 selected Ichthyophiidae sequences available in
Genbank (see Appendix 2). This dataset was not informative
enough for reconstructing evolutionary relationships between
the species groups but can be used for purposes of species
identification. The phylogenetic resolution also allowed us to
tentatively examine relationships within groups of closely
related individuals. Following previous researchers
(Nishikawa et al. 2012a), we also applied cyt b sequences as
a tool for molecular identification of cryptic diversity within
Ichthyophis and attribution of the new forms to certain clades
(see Fig. 3).
ML, MP, and BI analyses resulted in essentially similar
topologies, differing from each other only in associations at
poorly supported nodes. The well-resolved BI tree topology
was very similar to the results of the ML analysis, differing
only in the placement of Ichthyophis beddomei and I. tricolor
in the analysis of the cyt b dataset (Fig. 3).
The ML tree of the joint COI and cyt b dataset (see Fig. 2)
infers the following set of phylogenetic relationships among
studied Ichthyophis species: (1) Monophyly of all specieslevel groups has highest levels of BS support. (2)
Monophyly of Southeast Asian Ichthyophis species with respect to South-Indian and Sri-Lankan ichthyophiids is highly
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Fig. 2 ML tree illustrating phylogenetic relationships of Ichthyophis
species based on the analysis of 660 bp of COI and 1296 bp of cyt b
mtDNA gene. Node support values (BS, 1000 replicates PP for Bayesian

Inference) are shown above or below tree nodes for ML/MP/BI analyses,
respectively. Uraeotyphlus oxyurus is used as an outgroup. The new
unstriped Ichthyophis species of Indochina are shaded with dark grey

supported by all types of analyses. (3) Despite their superficial
morphological similarity, the three unstriped Ichthyophis
forms found in Indochina do not form a monophyletic group;
the striped Ichthyophis also do not form a clade in any of the
phylogenetic analyses and seem to be paraphyletic with respect to the unstriped species. (4) The two Vietnamese
unstriped Ichthyophis forms from central Vietnam (described
below as I. chaloensis sp. nov.) and from southern Vietnam
(described below as I. catlocensis sp. nov.) are found to be
distantly related to other Indochinese Ichthyophis species;
they form a poorly supported clade, representing a sister clade
to all other ichthyophiids from mainland Southeast Asia sampled in the analysis. (5) The monophyly of mainland
Southeast-Asian Ichthyophis, encompassing both striped and
unstriped Ichthyophis species, is supported with high values;
within this clade, I. supachaii forms a sister group to
Ichthyophis from Indochina with the exception of
I. chaloensis sp. nov. and I. catlocensis sp. nov.; however,

the monophyly of this Indochinese clade receives only moderate support. (6) The Indochinese Ichthyophis clade comprises two major subclades. Subclade 1 encompasses two
striped species: I. bannanicus complex from northern and
southern Vietnam, Thailand and Cambodia, and a closely
affiliated undescribed species Ichthyophis sp. 1 from southern
Vietnam; this clade receives significant support values. (7)
Subclade 2 comprises the recently described striped species
I. nguyenorum from central and southern Vietnam and the
Cambodian unstriped Ichthyophis species from Dalai
Mountain (described below as I. cardamomensis sp. nov.).
The monophyly of this group shows high support values. (8)
Within subclade 1, populations which we attribute to the
I. bannanicus complex are split into two monophyletic
groups. The first group includes specimens from northern
Indochina and adjacent southern China (Yunnan and
Guangxi Provinces) and corresponds to I. bannanicus s.
stricto. The second group joins specimens of striped
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Fig. 3 The ML tree of Ichthyophiidae derived from the analysis of 1296 bp
of cyt b mtDNA gene. Uraeotyphlus oxyurus and “Ichthyophis” bombayensis
are used as outgroups. Node support values (BS, 1000 replicates PP for
Bayesian Inference) are shown above or below tree nodes for ML/MP/BI
analyses, respectively. Those species of Ichthyophiidae sensu lato which lack
lateral stripes are shaded with dark grey

P. Geissler et al.

Ichthyophis from southern Indochina: eastern Thailand, central Cambodia, and Phu Quoc island of Vietnam; following
Taylor (1962), who regarded Ichthyophis from eastern
Thailand as “I. kohtaoensis ssp.,” traditionally these populations were regarded as I. kohtaoensis (Chan-ard, 2003; Orlov
& Ananjeva, 2007; Neang & Holden 2008); however, from a
mtDNA perspective, they are closer to I. bannanicus; the
southern and northern I. bannanicus groups are reciprocally
monophyletic and show high uncorrected genetic distances
between each other (p=7.20–9.10 % for COI and p=5.50–
7.50 % for cyt b genes). (9) Sympatry of representatives of
different phylogenetic lineages occur in some regions.
I. nguyenorum was found to be sympatric and syntopic with
I. catlocensis sp. nov. and several specimens were found
exactly in the same stream where the single known specimen
of I. catlocensis sp. nov. was collected. All of them showed
lateral yellow stripes and were found genetically distinct from
the unstriped specimen of I. catlocensis sp. nov. (p=14.82 %
and p=15.18 % for cyt b and COI, respectively).
The ML tree of the cyt b dataset (Fig. 3) showed much
lower values of support with most internal nodes of the tree
having no or only weak bootstrap support values (BS<50 %);
the tree resulting from Bayesian analysis has a largely similar
topology and shows moderate posterior probability values.
Well-supported nodes are largely in congruence with the
results presented by Nishikawa et al. (2012a). The phylogenetic analysis of the cyt b sequence data infers the following
set of phylogenetic relationships (see Fig. 3): (1) Monophyly
of all species-level groups has high support values; all three
unstriped populations of Ichthyophis from Indochina form
distinct mtDNA lineages, well separated from all other
Ichthyophis species included in the analysis by uncorrected
genetic distances of p=9.3–17.4 %. (2) Monophyly of the
Southeast Asian ichthyophiid clade is not well supported;
reciprocal monophyly of the two Southeast Asian
ichthyophiid clades recovered by Nishikawa et al. (2012a),
the South China–Indochina–Malay Peninsula and Java clade
(clade I of Nishikawa et al. 2012a) vs. the Borneo–Philippines
clade (clade II of Nishikawa et al. 2012a) is not recovered. (3)
Bayesian analysis significantly supported monophyly of the
Borneo–Philippines clade including two new unstriped
Ichthyophis species from Vietnam (I. chaloensis sp. nov. and
I. catlocensis sp. nov.); within this clade, monophyly of a
group joining the unstriped species from southern Vietnam
(I. catlocensis sp. nov.) and Borneo (I. lakimi) is strongly
supported by Bayesian analysis; however, the group got poor
support values in ML and MP analyses (BS=59 and 63 %
respectively). (4) Within the Southeast Asian clade, the
unstriped species belong to at least four distinct groups (see
lineages shaded with grey in Fig. 3). (5) The cyt b-based
topology suggests monophyly of a group joining species from
peninsular Malaysia to Java (I. cf. kohtaoensis,
I. hypocyaneus, I. supachaii; monophyly strongly supported)

New unstriped Ichthyophis species from Indochina (Gymnophiona, Ichthyophiidae), Part 1

in respect to species from mainland Thailand and Indochina
(I. bannanicus, Ichthyophis sp. 1, I. nguyenorum,
I. cardamomensis sp. nov.; monophyly not supported); this
result is congruent with that presented by Nishikawa et al.
(2012a) as well as with the topology of the tree based on the
analysis of cyt b+COI dataset (Fig. 2). (6) Sister-clade relationships between I. bannanicus sensu lato and the
undescribed Ichthyophis sp. 1 from southern Vietnam received low support values; sister-clade relationships between
I. nguyenorum and I. cardamomensis sp. nov. are not recovered. (7) Significant differentiation was revealed between
samples of I. nguyenorum from southern and central
Vietnam (p=5.5–5.9 %). Within the I. bannanicus complex
a reciprocal monophyly of northern (I. bannanicus s. stricto)
and southern (I. cf. bannanicus) clades is strongly supported;
phylogeographic structuring is revealed in both clades.
Thus, based on phylogenetic analysis of COI and cyt b
mtDNA gene sequences, the three unstriped forms of
Ichthyophis from Indochina represent highly divergent
mtDNA lineages, clearly distinct from all other Ichthyophis
species accessed for mtDNA analyses by previous researchers
and in the present study. These results support our hypothesis
that the recently discovered and morphologically distinct
unstriped specimens from Indochina represent new biological
species, which we describe below.
Morphological analysis
Until recently, only one unstriped species of Ichthyophis,
I. laosensis from Laos, was known from Indochina (Taylor
1969). In addition, two unstriped Ichthyophis species are
known to occur in the northern parts of adjacent Thailand,
Ichthyophis acuminatus and Ichthyophis youngorum (Taylor,
1968). Recent extensive fieldwork in Indochina revealed five
additional unstriped Ichthyophis specimens, which could not
be assigned to any of the nominal unstriped species. They
differ from all congeners in their combination of morphological traits, and (in cases where genetic sequences were available) by their genetic distance. We further add I. acuminatus
Taylor, 1960 to the Indochinese caecilian fauna, based on a
misidentified locality record.
Taxonomic accounts
Ichthyophis acuminatus Taylor, 1960
Holotype Adult male (AMNH A20875, Fig. 4) collected at
Mae Wang Valley, Chiang Mai Province, Thailand, by
Malcolm Smith (Taylor, 1960).
Paratypes Metamorphosed female (BMNH 1921.4.1.338)
collected at the type locality, by M. Smith (Taylor 1960).
Metamorphosed female (BMNH 1961.2055) collected at
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“Muang Liep, Thailand”, by M. Smith. Metamorphosed female (BMNH 1961.2056) and one metamorphosed specimen
of unknown gender (BMNH 1961.2057), both collected at
“Pa Meang, Mae Wang, Thailand” (Taylor 1960). See also
distributional remarks below.
Diagnosis A species of Ichthyophis without a lateral yellow
stripe; total length of metamorphosed specimens at 172–
294 mm, length about 18–25 times of midbody width; snout
blunt and rounded (SP/HL=0.01–0.05); tentacle 2.4–3.1
times as far from naris as from eye; premaxillary and maxillary teeth 35–43, vomeropalatine teeth 37–46, dentary teeth
31–42, inner mandibular teeth 19–32; inner mandibular tooth
row about four fifths of dentary row; tail end somewhat
tapered; total annuli (dorsal count) 296 to 327, encircling body
in a straight line ventrally, three to seven annuli interrupted by
cloacal disc, two to three tail annuli posterior to the cloacal
disc; cloacal disc rounded; 108–111 vertebrae; scales in up to
four rows per annulus (dosolaterally), present only in the
posterior two thirds of body.
The species differs from all other known unstriped congeners in
the following characters: from Ichthyophis billitonensis in having
more inner mandibular teeth (19–22 vs. 2) and more annuli
(301–327 vs. 251–254); from I. bombayensis by the absence of
scales on the anterior third of body; from I. cardamomensis sp.
nov. by a smaller eye size (HL/ED=20.9 vs. 11.5–13.2) and
fewer vertebrae (109–111 vs. 120); from I. catlocensis sp. nov.
by the tentacle being situated closer to naris (TN/ET=2.4–3.1 vs.
4.5); from I. chaloensis sp. nov. by a larger eye size (HL/ED=
20.9 vs. 31.3); from Ichthyophis dulitensis by the absence of
scales on the anterior third of body; from I. glandulosus by more
annuli (301–327 vs. 273–286); from Ichthyophis javanicus in a
lower number of total annuli (296–327 vs. 348–351); from
I. lakimi by having fewer inner mandibular teeth (19–32 vs.
14); from I. laosensis by the absence of scales on the anterior
third of body; from Ichthyophis larutensis by the presence of
inner mandibular teeth; from Ichthyophis monochrous by the
absence of scales on the anterior third of body and more annuli
(301–327 vs. 247); from Ichthyophis orthoplicatus by a higher
count of annuli (301–327 vs. 205–291); from Ichthyophis
sikkimenis by having more annuli (301–327 vs. 276–292); from
Ichthyophis singaporensis by the absence of scales on the anterior third of body; from Ichthyophis sumatranus by the absence
of scales on the anterior third of body; from Ichthyophis weberi
by the presence of inner mandibular teeth; from I. youngorum by
four instead of one to two rows of scales per scale pocket and
more premaxillary and maxillary teeth (35–43 vs. 22–28).
Description of holotype Selected morphological and meristic
data are given in Table 4. Condition of the preserved specimen: jaws have been cut and phallus dissected; a small, oval
area of epidermal abrasion on dorsal left side of snout; a deep,
ventrolateral longitudinal incision (19.5 mm) extends
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Fig. 4 Holotype (AMNH
A20875) of Ichthyophis
acuminatus in preservative (TL,
294.0 mm). Photographs by HM

posterior from 65 mm posterior to snout tip; long (93 mm)
midventral longitudinal incision extends anteriorly from cloaca; oval piece (ca. 4×11 mm) of body wall is missing
ventrally, approximately 36 mm anterior of body terminus;
several opened scale pockets along the body, especially close
to body terminus; five small, rust-colored spots in regular
intervals along the entire body (likely caused by corroded
pins).
Body (see Fig. 4) roughly subcylindrical but slightly irregularly compressed and distorted along the entire body. In dorsal
view, head slightly broadened anterior of first collar; sides of
head fairly straight, converging slightly anterior of corner of
mouth to a point half way between tentacular aperture and naris,
where head curvature forms a blunt but comparatively pointed
snout tip; curvature of lower jaw mirrors upper jaw in ventral
view but ending in a more gently rounded, less-pointed tip; in
lateral view, head tapers gently between collar region and point

half way between tentacles and nares, more strongly tapering
from this point to tip of snout; nares close to tip of snout; in
lateral view, snout evenly rounded anterior to nares; lips straight
edged; corner of mouth somewhat closer to bottom of head than
to top of head; mouth slightly subterminal; in ventral view,
gular region flattened and uniform, with transverse crease just
anterior of first nuchal groove; eyes visible through
unpigmented skin, circular, not elevated above adjacent skin;
in lateral view eyes somewhat closer to top of head than to
upper lip; tentacular aperture about twice as far from naris than
from eye, smaller than naris, distance from upper lip slightly
less than twice the diameter of tentacular aperture; tentacular
sheaths elevated from adjacent skin, visible only in dorsal view;
in preservative, tentacles slightly protruding from tentacular
aperture; nares oval in shape, closer to top of head than to upper
lip, visible in dorsal view, not visible in ventral view; teeth
recurved and bicuspid, with accessory cusp small and very

b

a

0.01
84.6
25.1
–
–
5
3
–
37
38
38
26

0.05
71.1
18.3
296
–
7
2
108
43
39
43
26

Damaged, no exact count possible

Based on literatureTaylor (1960, 1968)

5.8a
4.8
1.3
3.1
6
2.6
7.2
0.7a
2.4
20.9
0.05
43
21.5
302
–
6
3
109
40
46
42
32

203
2.4
6.4
8.1
3.6
9.1
6.2
6.2
5.6
0.1
–
–
3.2
0.8
2
4
1.1
4.6
–
2.5

199
2.8
7.8
10.9
4.3
8.8
6.7
6.4
6
0.4
–
–
3.1
0.7
2
4.3
1.3
5
–
2.9
0.03
59.7
25.1
301
–
6
2
111
41
43
42
26

215
3.6
8.1
10.6
5.9
10.1
7
6.2
5.6
0.3
–
–
3.2
0.8
2.1
4.6
1.4
5.5
–
2.6

MNH
1961.
2057
(paratype)

0.05
86
21.5
327
–
3
3
111
35
37
31
19

172
2
6.7
8
3.9
8.8
6.3
5.9
5.9
0.4
–
–
3.1
0.8
2.5
4.3
1.3
5
–
3.1

294
3.9
10.6
13.7
5.4
14.6
9.8
10.6
9.3
0.8

TL
TAL
BW1
BW2
BW3
HL
HW
UJL
LJL
SP
EL
ES
EN
ET
TN
EE
NN
TT
ED
TN/ET
HL/ED
SP/HL
TL/TAL
TL/BW2
TAD
TAV
AV
TAT
VERT
PMM
VP
DE
IM

Female

–

Female

Male

Sex

Female

B

Ichthyophis
acuminatus

183
3.1
7.1
7.9
4.1
8.1
5.8
6.9
6
0.7
1
4.1
3.5
0.9
2.9
4.3
2.2
4.7
0.7
3.2
11.6
0.09
59
23.2
322
320
5
6
120
23
29
20
19

Female

38
28
34
21

321.7
3.8
9.2
8.6
5.4
11.7
7.9
10.2
9.7
0.5
1
6
4.7
1.2
3.5
5.6
2.8
6.2
1
2.9
13.2
0.04
84.7
37.4
364
359
4
4

Female

5.5
4.2
1.1
3.1
5.2
2.6
5.8
0.8
2.8
11.5
0.06
48.1
36.1
340
338
5
6
120
38
28
34
22

289.1
6
8.9
8
4.9
9.2
7.1
9.5
9
0.6

Female
183.5
2.1
5.3
7.1
3.7
7.3
4.8
5.4
5.2
0.5
0.6
3.6
2.9
0.6
2.7
4.3
2
4.2
0.5
4.5
14.6
0.07
87.4
25.8
342
340
5
5
110
44
51
27
16

Female
215.7
3.7
6.9
7.6
3.2
9.4
6.3
7.2
6.3
1.3
0.8
4.8
3.6
1.3
2.8
4.8
1.8
4.7
0.3
2.2
31.3
0.14
58.3
28.4
344
342
3
5
110
37
54
26
11

Female
318
3.7
11.4
16.1
6.3
10.9
9.7
10.8
10.3
0.6
1.7
6.3
5
1.6
4.3
7.3
3.2
7.5
1
2.7
10.9
0.06
85.9
19.8
346
345
3
2
112
33
36
35
30

Female

0.01
71.7
18.6
318
–
5
4
108
28
33b
28b
19b

208
2.9
8.1
11.2
5.5
10.4
7.6
7.6
6.7
0.1
–
–
3.8
1.1
2.7
4.5
2.4
5.9
–
2.5

Male

0.01
70
20.7
328
–
6
4
108
22b
40
29b
18b

217
3.1
8
10.5
5
10.4
7.3
7.3
6.9
0.1
–
–
3.6
1
2.5
4.8
2.2
4.9
–
2.5

Male

0.08
54
17.83
317
–
6
4
108
23b
33b
28b
15b

–
45.6
17.1
–
–
–
–
104
–
–
–
–

82
1.8
–
4.8
2.5
–
3.9
2.8
2.2
0.3
–
–
1.7
–
–
2.4
1.4
–
–
–

Female
(larva)
189
3.5
7.8
10.6
5.3
9.3
7
4.5
4.5
0.7
–
–
2.8
–
–
4.2
1.7
–
–
–

? (larva)

Ichthyophis
Ichthyophis
Ichthyophis
Ichthyophis
catlocensis
chaloensis
laosensis
youngorum
sp. nov.
sp. nov.
LSUHC
ZFMK
IEBR
MNHN
FMNH
FMNH
FMNH
FMNH
LSUHC CBC
01185
10106
88976
A.2011.16
1928.95
189250
189251
189252
189253
9335
(paratype)
(paratype)
(holotype)
(holotype)
(holotype)
(holotype
(paratype)
(paratype)
(paratype)
(holo
type)

Ichthyophis cardamomensis
sp. nov.

Meristic and metric data of type specimens of unstriped Ichthyophis, known to occur in Indochina and Thailand (all measurements in mm)

BMNH
BMNH
Specimen AMNH
BMNH
1961.2055
1961.2056
A20875
1921.4.1.
(paratype)
(paratype)
(holotype)
338
(paratype)

Species

Table 4
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closely positioned to main cusp; teeth in premaxillary-maxillary, vomeropalatine and dentary series of similar size and
slighty larger than teeth in inner mandibular series; length of
vomeropalatine row slightly exceeds length of premaxillarymaxillary row by about two tooth positions; length of inner
mandibular tooth row about four fifth of dentary row (Fig. 5e);
palate rather flat, choanae oval to slightly teardrop-shaped;
tongue triangular with a broad but fairly pointed tip; both collars
wider and deeper than head; second collar gradually narrowing
towards trunk; collar grooves only distinct ventrally and laterally, vanishing dorsally; no transverse groove on second collar;
in ventral view, anterior as well as posterior border of collars
distinct; second collar slightly longer than first; annular grooves
cross venter in a more or less straight line; total annuli 302;
vertebrae 109; longitudinal cloacal slit situated in a round
cloacal disc, interrupting six annuli; cloaca surrounded by 7/7
(right/left) denticulations (Fig. 6e); tail bearing three annuli
(including cap), grooves not complete ventrally, terminating
in a distinct cap; scales restricted to posterior two thirds of
body; scales present in up to four rows per scale pocket (counted dorsally); scales oval in shape.
Coloration Presumably somewhat faded (see Fig. 4) in preservative and now dark brown on dorsum and somewhat
lighter on sides and ventrally; cloacal disc and tail cap light
colored; tentacular apperture with narrow light colored margin. Overall color presumably darker in life.
Variation Selected morphological and meristic data are given
in Table 4. The paratypes BMNH 1921.4.1.338, BMNH
1961.2055, BMNH 1961.2056, and BMNH 1961.2057 (all
metamorphosed specimens with lower TL) show a wider range
in numbers of annuli (296–327) and lower numbers of inner
mandibular teeth (IM=19–26). However, all paratypes resemble the holotype in several characteristic features, e.g., the
characters of the holotype are within the variation range shown
by the paratypes: TN/ET=2.5–3.1; their coloration as well as in
the shape of the annuli (grooves completed on venter in a strate
line); the absence of scales on anterior third of body.
Differences from the description of Taylor (1960) The following characters measured or counted by us deviate from the
data provided by Taylor (1960) (marked with an asterisk):
holotype: EE=6 vs. 7.8*; SP=1.8 vs. 1*; TAD=302 vs. 315*;
PMM=40 vs. 49*; VP=46 vs. 53*; DE 42 vs. 49*; IM 32 vs.
44*. While Taylor (1960) stated that the metamorphosed
paratypes all have a TL of 205 mm and TAD=315–331, our
measurements revealed a variation in sizes (see Table 4) and a
different TAD range: TAD=296–327.
Distribution According to Chan-ard (2003) and Chan-ard
et al. (2011), the species is known only from northern
Thailand: (1) Mae Wang District, Chiang Mai Province and
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(2) Pa Sang District, Lamphun Province, northwestern
Thailand. However, Taylor (1960) mentioned one paratype
(BMNH 1961.2055; M. Smith no. 5656) as collected by M.
Smith in “Muang Liep, Thailand.” This locality is not associated with the Kingdom of Thailand in its current borders, but
this locality was also reported by Smith (1923) in the description of Tropidophorus laotus: “type loc. Muang Liep, N. of Pak
Lai, Upper Mekong, French Laos” (now in Sayaboury
Province, Central Laos). Taking into account that this part of
Laos belonged to the Kingdom of Siam until 1904 (Jerndal &
Rigg 1998), we propose that this locality was wrongly
interpreted by Taylor (1960) as being situated in “modern”
Thailand. This interpretation receives further support from four
additional specimens from the collections of the Natural
History Museum, London. These larval specimens are
catalogued as I. acuminatus (BMNH 1974.2351 to 54; note:
because of the larval stage of these specimens a confirmation of
their taxonomic allocation is currently not possible) and were
collected by M. Smith at “Muang Liep, Laos” and “Pak Mat,
Laos” as part of the Day Expedition 1919–1920. The field
numbers of these larvae, No. 5654 and 5655 from Pak Mat
and No. 5657 and 5658 from Muang Liep, bracket the field
number (5656) of paratype BMNH 1961.2055, indicating that
this specimen was indeed collected in Laos. Hence, we consider that I. acuminatus is present in Laos too (see Fig. 1).
Conservation status Since the collection of the type series and
associated material from Thailand and Laos by M.A. Smith in
the early 1920s, no additional specimens of I. acuminatus
have been recorded. It is currently listed as data deficient by
IUCN (van Dijk et al. 2004a) and further research is urgently
needed to gather data on the actual distribution and population
size of I. acuminatus.

Ichthyophis cardamomensis sp. nov.
Ichthyophis sp. Neang, Grismer, Chan, Grismer, Wood &
Youmans, 2010: 127.
Holotype Metamorphosed female (LSUHC 9335), collected
on 7 July 2009 by Lee L. Grismer, Chan Kin Onn, Jesse L.
Grismer, Perry L. Wood Jr., Neang Thy and Timothy M.
Youmans at Dalai Mountain (12°26′ 134″ N 103° 03′ 217″
E; elevation, 968 m), Phnom Samkos Wildlife Sanctuary,
Cardamom Mountains, southwestern Cambodia (see Fig. 1).
Paratypes CBC 01185, adult female (Fig. 7), collected by
Neang Thy and Kris Mean Rith on 12 September 2010 in
O’Peam area (12° 12′ 15″ N 103° 4′ 12″ E; elevation, 293 m).
LSUHC 10106, adult female, collected on 22 August 2011 by
Neang Thy, Lee L. Grismer, Evan S.H. Quah and Jeff Dawson
in O’Som area (12° 04′ 6.18″ N 103° 09′ 30.24″ E). All were
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Fig. 5 a–f Jaws of the holotype
of (depicted characters are also
present in the respectively
investigated paratype specimens):
a Ichthyophis cardamomensis sp.
nov. (LSUHC 9335), b
Ichthyophis catlocensis sp. nov.
(ZFMK 88976), c Ichthyophis
chaloensis sp. nov. (IEBR
A.2011.16), d Ichthyophis
laosensis (MNHN 1928.95), e
Ichthyophis acuminatus (AMNH
A20875), and f Ichthyophis
youngorum (FMNH 189250).
Drawings by PG

found in the Phnom Samkos Wildlife Sanctuary, southwest
Cardamom Mountains, Pursat Province, Cambodia.
Diagnosis A species of Ichthyophis without a lateral yellow
stripe; total length of metamorphosed specimens 183.0–
321.7 mm, length about 23–37 times of midbody width; snout
blunt and rounded (SP/HL=0.04–0.09); TN/ET=2.8–3.2; premaxillary and maxillary teeth 23–38, vomeropalatine teeth 28–
29, dentary teeth 20–34, inner mandibular teeth 19–22; inner
mandibular tooth row shorter than dentary row; tail end somewhat tapered; total annuli (dorsal count) 322 to 364, not
encircling body ventrally, except the posteriormost 60 grooves,
which are continuous across venter in a straight line, four to five
annuli interrupted by cloacal disc, four to six tail annuli posterior
to the cloacal disc; cloacal disc triangular in shape; 120 vertebrae;
scales in one series per annulus (dosolaterally), present only in
the posterior half of body. The species differs from all other
known unstriped congeners in the following characters: from
I. acuminatus by a larger eye size (HL/ED=11.5–13.2 vs.
20.9), more vertebrae (120 vs. 109–111) and a higher number
of total annuli (322–364 vs. 296–327) (additional specimens

have to confirm the diagnostic value of the latter two characters);
from I. catlocensis sp. nov. by having a smaller TN/ET ratio
(2.8–3.2 vs. 4.5); from I. billitonensis by more inner mandibular
teeth (19–22 vs. 2); from I. bombayensis by the absence of scales
in the anterior half of body; from I. chaloensis sp. nov. by a larger
eye size (HL/ED=11.5–13.2 vs. 31.3) and a smaller snout projection (SP/HL=0.04–0.09 vs. 0.14); from I. dulitensis by the
absence of scales in the anterior half of body; from I. glandulosus
by more vertebrae (120 vs. 102); from I. javanicus by the tentacle
being situated closer to the eyes (TN/ET=2.8–3.2 vs. 2.3); from
I. lakimi by more inner mandibular teeth (19–22 vs. 14); from
I. laosensis by the absence of scales on the anterior half of body;
from I. larutensis by the presence of inner mandibular teeth; from
I. monochrous by the absence of scales on the anterior half of
body and more annuli (322–364 vs. 247); from I. orthoplicatus
by more annuli (322–364 vs. 205–291); from I. sikkimensis by
more annuli (322–364 vs. 276–292); from I. singaporensis by
the absence of scales on the anterior half of body; from
I. sumatranus by the absence of scales on the anterior half of
body; from I. weberi by the presence of inner mandibular teeth;
from I. youngorum by having more vertebrae (120 vs.108).
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Description of holotype Selected morphological and meristic
data are given in Table 4. Condition of the preserved specimen: small incisions in both corners of mouth in order to open
the mouth; two ventral longitudinal incisions (each about
20 mm in length), first situated in midbody region, second in
front of vent; some fat body lobes protrude out of the first
incision; few opened scale pockets. Head (see Figs. 5, 6, and
7a) flattened, in dorsal view head broadens very slightly from
first collar to corner of mouth, narrowing very slightly from
corner of mouth to tentacles; snout bluntly rounded anterior to
the tentacles in lateral view, head tapers slightly between first
collar and nares; anterior to nares, snout drops down almost
vertically, though slightly rounded; lips straight edged, corner
of mouth somewhat closer to throat than to top of head; mouth
almost terminal, snout barely projecting; in ventral view, gular
region flattened, with a median depressed groove in extension
of a more distinct groove on first collar, reaching about the
position of tentacles; triangular depression of gular skin present between corners of mouth; eyes covered by unpigmented
skin, rounded, lens forming a grey, round central disc, elevated above surrounding skin; in lateral view, eyes closer to top
of head than to upper lip; tentacle aperture 3.2 times closer to
eye than to naris, close to upper lip, smaller than eyes, about
the size of the naris; tentacular aperture elevated from surrounding skin, visible in lateral, dorsal and ventral view; in
preservative, tentacles not protruding from tentacular aperture;
nares oval in shape, closer to top of head than to upper lip,
Fig. 6 a–f Tail region (in
ventral view) of the holotype
specimens of: a Ichthyophis
cardamomensis sp. nov. (LSUHC
9335), b Ichthyophis catlocensis
sp. nov. (ZFMK 88976), c
Ichthyophis chaloensis sp. nov.
(IEBR A.2011.16), d Ichthyophis
laosensis (MNHN 1928.95), e
Ichthyophis acuminatus (AMNH
A20875), and f Ichthyophis
youngorum (FMNH 189250).
Drawings by PG

P. Geissler et al.

barely visible in dorsal view, not visible in ventral view; teeth
(Fig. 5a) small, recurved and bicuspid, main cusp twice as long
as accessory cusp; 23 teeth in premaxillary-maxillary, 20 in
dentary, 29 in vomeropalatine, and 19 in inner mandibular
series; teeth in premaxillary-maxillary and dentary series larger
than teeth in vomeropalatine and inner mandibular series;
length of premaxillary-maxillary tooth row about three quarters
of vomeropalatine row; length of inner mandibular tooth row
about half of dentary row; palate highly arced; choanae oval,
proximately posterior to tentacles, surrounded by a bulged
margin of palatal skin; tongue triangular with a median depression on the posterior two thirds of its length; one protruding,
rounded patch of glandular skin anterior on each side of the
depression; collar region wider and deeper than head and
adjacent part of body; first collar groove incomplete, running
up the lateral sides but fading towards the mediodorsal region,
visible from above, but only on the outer edges of dorsum;
second collar groove incomplete, fading completely on the
ventral halves of flanks, not visible from above; both collar
grooves visible in ventral view, each forming a slight curve
towards head; median gular depression continuous along midline on first collar, fading on second; nuchal region bordered by
the anteriormost annular groove posteriorly; no dorsal transverse groove on second collar; second collar longer than first, in
ventral view; first as well as subsequent annular grooves not
encircling the belly; total annuli 322/320 (dorsal count/ventral
count); vertebrae 120; grooves encircling the venter in a straight
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Fig. 7 a–f Holotype (LSUHC
9335) of Ichthyophis
cardamomensis sp. nov. in
preservative (TL, 183.0 mm).
Photographs by PG

line on the last 20 mm anterior to cloacal disc; slight depression
along midline of venter present along the anterior 120 mm of
trunk; on dorsum, grooves cross in an even double-S form,
slightly curving posteromedially along the vertebral line; longitudinal cloacal slit situated in a triangular shaped cloacal disc,
interrupting six annuli; cloaca surrounded by 5/6 (right/left)
denticulations (Fig. 6a); tail bearing six annuli, terminating in
a distinct, nipple-like tail cap; posteriormost annular groove,
anterior to cap, not encircling the ventral side of tail; scales
present only in annuli of the posterior half of body, small, oval
in shape, present in one row in each scale pocket (counted
dorsolaterally).

340), and higher tooth counts (see Table 4). However, both
resemble the holotype in several characteristic features: TN/
ET 2.9 and 2.8; HL/ED 13.2 and 11.5; their coloration as well
as in the shape of the annuli (grooves not completed on venter
of the anterior two thirds of body); the absence of scales on
anterior half of body, and the presence of a single scale row
per pocket on the posterior part of body; the presence of a pair
of rounded patches of glandular skin on the tongue.

Coloration In preservative: blackish grey on dorsum, light
grey on belly; cloacal disc whitish, triangular; terminal cap
white; eyes, tentancles and nares encircled by a narrow whitish
margin (see Fig. 7). In life: body uniform, pinkish hazelnut
brown; color brightening up on flanks and belly; annular
grooves somewhat lighter than annular coloration; nares, lips
and tentacles whitish pink (see Fig. 8).
Variation Selected morphological and meristic data are given
in Table 4. The paratypes CBC 01185 and LSUHC 10106
(both adult females) have a higher number of annuli (364 and

Fig. 8 Paratype (CBC 01185) of Ichthyophis cardamomensis sp. nov. in
life (TL, 321.7 mm). Photograph by NT
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Natural history The holotype was found at day time in damp
soil under a fallen log at a hillside, at an elevation of 986 m in
an undisturbed evergreen forest, near a small, rocky, fastmoving stream. Paratype CBC 01185 was found in the morning (at 7:00 a.m.) in one of 20 pitfall traps (60 cm deep and
30 cm in diameter) set at an interval of 5 m, 40 m away from
and parallel to a slow moving stream in lowland disturbed
evergreen forest (elevation, 293 m). Paratype LSUHC 10106
was found during the day within a rotting log in hilly, disturbed evergreen forest at 528 m.
Etymology We name this new species after the geographic
region of its known distribution, the Cardamom Mountains in
western Cambodia, one of the most significant areas for the
conservation of Cambodia’s unique herpetofaunal diversity
(Neang et al. 2010).
Distribution The species is only known from the type locality.
Conservation status So far, only three specimens of
I. cardamomensis sp. nov. have been recorded, all within the
Phnom Samkos Wildlife sanctuary in western Cambodia.
According to the IUCN (2012) criteria, we recommend the
species to be considered as data deficient. Future research is
urgently needed to gather data on the actual distribution and
population size of I. cardamomensis sp. nov.
Ichthyophis catlocensis sp. nov.
Holotype Metamorphosed female (ZFMK 88976, Fig. 9),
collected on 8 April 2009 by P. Geissler in Sui Lan stream
bed near Phuoc Son Ranger Station (11° 37′ 22.5″ N 107° 17′
57.2″ E; elevation, 135 m), Cat Loc area, Cat Tien National
Park, Lam Dong Province, in southern Vietnam (see Fig. 1).
Diagnosis A species of Ichthyophis without a lateral yellow
stripe; snout blunt and rounded (SP/HL=0.07); TN/ET=4.5;
premaxillary and maxillary teeth 44, vomeropalatine teeth 51,
dentary teeth 27, inner mandibular teeth 16; inner mandibular
tooth row shorter than dentary row; tail ending in a large blunt
cap; total annuli 342 (dorsal count), encircling venter by
forming an angle pointing tailwards, five interupted by cloacal
disc, five posterior to cloacal disc; cloacal disc elliptic in shape;
110 vertebrae; scales present solely on posterior half of body, in
one row per annulus (dorsolaterally). The new species differs
from all other known unstriped congeners in the following
characters: from I. acuminatus by the tentacle being much
closer to the eye than to naris (TN/ET=4.5 vs. 2.4–3.1); from
I. billitonensis by more inner mandibular teeth (16 vs. 2); from
I. bombayensis by the absence of scales in the anterior half of
body; from I. cardamomensis sp. nov. by the tentacle being
much closer to the eye than to naris (TN/ET=4.5 vs. 2.8–3.2);
from I. chaloensis sp. nov. by a larger eye size (HL/ED=14.6 vs.
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31.3) and a smaller snout projection (SP/HL=0.07 vs. 0.14);
from I. dulitensis by the absence of scales in the anterior half
of body; from I. glandulosus in having more annuli (342 vs.
273–286); from I. javanicus by the tentacle being much closer
to the eye than to naris (TN/ET=4.5 vs. 2.3); from I. lakimi by
a more elongated snout, which affects the following characters: the tentacle being much closer to the eye than to naris
(TN/ET=4.5 vs. 1.9), and the snout length being longer with
respect to head length (HL/ES=2.0 in I. catlocensis sp. nov.
vs. 1.6 in I. lakimi); from I. laosensis by the tentacle being
much closer to the eye than to naris (TN/ET=4.5 vs. 2.7);
from I. larutensis by the presence of inner mandibular teeth;
from I. monochrous by the absence of scales on the anterior
half of body and a higher count of annuli (342 vs. 247); from
I. orthoplicatus by a higher count of annuli (342 vs. 205–291);
from I. sikkimensis by more annuli (342 vs. 276–292); from
I. singaporensis by the absence of scales on the anterior half of
body; from I. sumatranus by the absence of scales on the
anterior half of body; from I. weberi by the presence of inner
mandibular teeth; from I. youngorum by the tentacle being
much closer to the eye than to naris (TN/ET=4.5 vs. 2.0).
Description of holotype Selected morphological and meristic
data are given in Table 4. Condition of the preserved specimen:
incisions in both corners of mouth in order to open the mouth;
one 10 mm long ventral incision in the first third of body; second
ventral incision from about 8 mm behind the latter, running
down towards vent disc; few scale pockets opened
dorsolaterally; paravertebral skin somewhat parched during fixation, resulting in a brownish coloration of the affected areas.
Head (Fig. 9) elongated and flattened dorsoventrally, in dorsal
view as broad as collar region, slightly narrowing between corner
of mouth and tentacles; snout bluntly rounded anterior to tentacles; in lateral view, head barely tapered between collar region
and nares, anterior to nares snout dropping down in a blunt arc;
lips straight edged, corner of mouth closer to throat than to top of
head; mouth almost terminal, snout barely projecting; in ventral
view, gular region flattened, with a distinct median depressed
groove, starting between tentacles and fading on collar region;
eyes clearly visible through unpigmented skin, rounded, lens
forming a grey, round central disc, slightly elevated above adjacent skin; in lateral view, eyes in a median position between top
of head and upper lip; tentacle aperture 4.5 times closer to eye
than to naris, close to upper lip, smaller than eyes, about the size
of the naris; tentacular aperture elevated from surrounding skin,
visible in lateral, dorsal and ventral view; in preservative, tentacles protrude slightly from the tentacular apperture; nares oval in
shape, closer to upper lip than to top of head, neither visible in
dorsal nor in ventral view; teeth (Fig. 5b) small, recurved and
bicuspid, main cusp slightly longer than accessory cusp; 44 teeth
in premaxillary-maxillary, 51 in vomeropalatine, 27 in dentary,
and 16 in inner mandibular row; teeth in premaxillary-maxillary
row as large as teeth in vomeropalatine row, but smaller than
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Fig. 9 Holotype (ZFMK 88976)
of Ichthyophis catlocensis sp.
nov. in preservative (TL,
183.5 mm). Photographs by PG

teeth in dentary as well as in inner mandibular row; length of
premaxillary-maxillary tooth row shorter than length of
vomeropalatine row; length of inner mandibular tooth row about
half of dentary row; palate slightly arced; choanae oval, elongated, posterior to tentacles; tongue semi-elliptic with a median,
triangular depression on its posterior half; collar region barely
distinct from head or adjacent body; collar grooves weak; first
four annular grooves not encircling venter; total annuli 342/340
(dorsal count/ventral count); vertebrae 110; grooves encircling
venter forming an angle pointing towards tail in the anterior
140 mm of body length, on the last 30 mm anterior to cloacal
disc grooves cross venter in a straight line; slight depression
along midline of belly present on the anterior 140 mm of trunk;
on dorsum, grooves cross in an even S shape, slightly curving
posteromedially along the vertebral line; longitudinal cloacal slit
situated in an elliptic cloacal disc, interrupting five annuli; cloaca
surrounded by 7/7 (right /left) denticulations (Fig. 7b); tail bearing five annuli, annular grooves fading on ventral side; tail

terminating in a large blunt tail cap; scales only present in scale
pockets in posterior half of body; scales minute to small, oval in
shape, present in one row per scale pocket (counted
dorsolaterally).
Coloration In preservative: light pinkish grey all over body
and tail, slightly lighter on venter; cloacal disc white; and
eyes, tentacles, and nares encircled by a narrow whitish grey
margin (see Fig. 9). In life: dark grey all over body, somewhat
lighter on venter; annular grooves blackish; and margins of
tentacles, eyes, and nares whitish (see Fig. 10).
Natural history The type specimen was found at 2:00 p.m. on
8 April 2009, hiding under a stone (30 cm in diameter) on a
sunlit sand bar at the edge of the small forest rivulet Sui Lan.
Substrate temperature was 27 °C. The steep slopes of the
rivulet valley were dominated by highly damaged secondary
bamboo forest with numerous bushes of rattan palms
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Fig. 10 a, b Holotype (ZFMK
88976) of Ichthyophis catlocensis
sp. nov. in life (TL, 183.5 mm)
from Cat Loc, Cat Tien National
Park, Lam Dong Province,
southern Vietnam. a General
view. Photograph by PG; b close
up of the head. Photograph by
E.A. Galoyan

(Calamus sp.) and occasional large trees (Dipterocarpus sp.).
The species occurs sympatrically with I. nguyenorum; larvae
of this striped Ichthyophis species were found in the same
rivulet. Other sympatric species of amphibians include
Ingerophrynus galeatus, Odorrana cf. banaorum,
Rhacophorus rhodopus, Limnonectes poilani, Theloderma
bambusicola, and Polypedates leucomystax.
Etymology We name this new species after its type locality, the
Cat Loc area of the Cat Tien National Park. This is to underline
the importance of this National Park for conservating the
unique biodiversity of the lowland forests in southern Vietnam.
Distribution So far, known only from the type locality.
Conservation status So far only one specimen of I. catlocensis
sp. nov. has been recorded within a highly disturbed area of the
Cat Loc sector of the Cat Tien National Park in southern
Vietnam. According to the IUCN (2012) criteria, we recommend the species to be considered as Data Deficient. Future
research is urgently needed to gather data on the actual distribution and population size of I. catlocensis sp. nov.
Ichthyophis chaloensis sp. nov.
Holotype Metamorphosed female (IEBR A.2011.16, Fig. 11),
collected at night on 16 September 2011 by H. T. An and T. Q.
Nguyen in the forest near Cha Lo Village (17° 42′ 11.7″ N
105° 46′ 59.3″ E; elevation, 621 m), Hoa Son Commune,
Minh Hoa District (extension area of Phong Nha – Ke Bang
National Park), Quang Binh Province, Vietnam.
Diagnosis A species of Ichthyophis without a lateral yellow
stripe; snout elongated, acuminate and highly projecting (SP/
HL=0.14); TN/ET=2.2; premaxillary and maxillary teeth 37,
vomeropalatine teeth 54, dentary teeth 26, inner mandibular teeth
11; inner mandibular tooth row shorter than dentary row; tail
acuminate, ending in a nipple-like cap; total annuli 344 (dorsal
count), encircling venter by forming an angle pointing tailwards,

three interupted by cloacal disc, five posterior to cloacal disc;
cloacal disc oval in shape; vertebrae 110; scales present solely on
posterior half of body, in one row per annulus (dorsolaterally).
The new species differs from all other known unstriped congeners in the following characters: from I. acuminatus by a smaller
eye (HL/ED=31.3 vs. 20.9) and a larger snout projection (SP/
HL=0.14 vs. 0.01–0.05); from I. billitonensis by more inner
mandibular teeth (11 vs. 2); from I. bombayensis by the absence
of scales in the anterior half of body; from I. cardamomenis sp.
nov. by a smaller eye (HL/ED=31.3 vs. 11.5–13.2) and a larger
snout projection (SP/HL = 0.14 vs. 0.04–0.09); from
I. catlocensis sp. nov. by a smaller eye (HL/ED=31.3 vs. 14.6)
and a larger snout projection (SP/HL=0.14 vs. 0.07); from
I. dulitensis by the absence of scales in the anterior half of body;
from I. glandulosus in having more annuli (344 vs. 273–286);
from I. javanicus by a more elongated snout (HL/ES=1.95 vs.
2.68) and a minute, indistinct eye (vs. “eyes very distinct”
(Taylor 1960)); from I. lakimi by a smaller eye (HL/ED=31.3
vs. 4.5); from I. laosensis by a smaller eye (HL/ED=31.3 vs.
10.9) and a larger snout projection (SP/HL=0.14 vs. 0.06); from
I. larutensis by the presence of inner mandibular teeth; from
I. monochrous by more annuli (344 vs. 247); from
I. orthoplicatus by having more annuli (344 vs. 205–291); from
I. sikkimensis by more annuli (344 vs. 276–292); from
I. singaporensis by the absence of scales on the anterior half of
body; from I. sumatranus by the absence of scales on the anterior
half of body; from I. weberi by the presence of inner mandibular
teeth; from I. youngorum a larger snout projection (SP/HL=0.14
vs. 0.01 in metamorphosed specimens).
Description of holotype Selected morphological and meristic data
are given in Table 4. Condition of the preserved specimen: incisions
in both corners of mouth; two ventral incisions, first (26 mm in
length) about 40 mm posterior to snout tip and second over about
60 mm anterior to cloacal disc; and few scale pockets opened
dorsolaterally; paravertebral skin somewhat parched during fixation,
resulting in brownish discoloration of the affected areas (Fig. 11).
Head (Fig. 11) flattened dorsoventrally; in dorsal view, head
broadened between first collar and corner of mouth, anterior to
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Fig. 11 Holotype (IEBR
A.2011.15) of Ichthyophis
chaloensis sp. nov. in preservative
(TL, 215.7 mm). Photographs by
PG

corner of mouth distinctly narrowing towards tentacle; snout
anterior to tentacles elongated and acuminate; in lateral view,
head barely tapered between collar region and nares; nares very
close to tip of snout; snout dropping almost vertically anterior to
naris; lips straight edged; corner of mouth somewhat closer to
throat than to top of head; mouth subterminal, snout highly
projecting; in ventral view gular region flattened, with a median
groove, starting at level of tentacles, fading on second collar;
eyes minute, covered by unpigmented skin, rounded, lens
forming a dark-grey central disc, not elevated above adjacent
skin; in lateral view, eyes much closer to top of head than to
upper lip; tentacular aperture 2.2 times closer to the eye than to
naris, almost reaching the edge of the upper lip, about the size of
the eyes; tentacular sheaths elevated above adjacent skin, visible
in dorsal, lateral and ventral view; in preservative, tentacles
slightly protruding from the tentacular apertures; nares oval in
shape, closer to top of head than to upper lip, barely visible in
dorsal view, not visible in ventral view; teeth (Fig. 5c) small,
strongly recurved and bicuspid; 37 premaxillary-maxillary, 54
vomeropalatine, 26 dentary, and 11 inner mandibular teeth; teeth
in premaxillary-maxillary and dentary series larger than teeth in
vomeropalatine and inner mandibular series; length of inner
mandibular tooth row only slightly shorter than vomeropalatine

row; length of inner mandibular tooth row about half of dentary
row; palate only slightly arced; choanae oval, narrow and elongated, somewhat posterior to tentacles; tongue triangular with an
acuminate tip; first collar as wide as, but somewhat deeper than,
head; second collar gradually narrowing towards body; collar
grooves only distinct on ventral skin, fading laterally, hardly
detectable in lateral or dorsal view; no dorsal transverse groove
on second collar; anterior as well as posterior border of collar
region not well differentiated, only bordered by the anteriormost
annular grooves of body; in ventral view, second collar slightly
longer than first; anteriormost five annuli incomplete ventrally;
following grooves (over about 160 mm of trunk length) encircle
venter by forming an angle pointing towards tail; from about
20 mm anterior to cloacal disc, grooves cross venter in a straight
line; slight median depression present on whole venter; annular
grooves cross dorsum by forming a rounded angle towards head;
total annuli 344/342 (dorsal count/ventral count); vertebrae 110;
longitudinal cloacal slit situated in a oval cloacal disc,
interrupting three annuli; cloaca surrounded by 7/7 (right/left)
denticulations (Fig. 6c); tail bearing five annuli, grooves not
complete ventrally; tail terminating in a distinct nipple-like cap;
scales present only in the posterior half of body, in one row per
scale pocket (counted dorsolaterally); scales oval.
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Holotype Adult female (MNHN 1928.95, Fig. 13), collected
in “Haute Laos “(= Upper Laos), collector unknown (Taylor
1969).

Fig. 12 Holotype (IEBR A.2011.15) of Ichthyophis chaloensis sp. nov.
in life (TL, 215.7 mm) from Cha Lo Village in the extension area of
Phong Nha-Ke Bang National Park, Minh Hoa District, Quang Binh
Province, Vietnam. Photograph by NQT

Coloration In preservative: dark grey on dorsum and somewhat lighter ventrally; cloacal disc white; tale cap white; eyes,
tentancles and nares encircled by a narrow white margin (see
Fig. 11). In life: dark chestnut-brown on dorsum and flanks;
somewhat lighter on belly; annular grooves as well as head
light brown; collars distinctively darker; and nares and tentacle sheaths encircled by a whitish margin.
Etymology The specific epithet is in reference to the type locality of the forest near Cha Lo Village, Hoa Son Commune, Minh
Hoa District, Quang Binh Province, Central Vietnam.
Natural history The type specimen was found at 8:30 p.m. under
leaf litter on the bank of a small rocky stream. The surrounding
habitat was mixed secondary lowland forest of hardwood, shrub,
and liane.
Distribution To date only known from the type locality.
Ichthyophis cf. bannanicus was found in close geographical
proximity to the unicolored I. chaloensis sp. nov., though
cases of sympatry of these two species are not known yet.
Conservation status So far only one specimen of I. chaloensis
sp. nov. has been recorded within the extension area of Phong
Nha–Ke Bang National Park in central Vietnam. According to
the IUCN (2012) criteria, we recommend the species to be
considered as Data Deficient. Future research is urgently needed
to gather data on the actual distribution and population size of
I. chaloensis sp. nov (see Fig. 12).

Ichthyophis laosensis Taylor, 1969
I. laosensis Taylor, 1969, Univ. Kansas Sci. Bull., 48: 292.

Diagnosis A species of Ichthyophis without a lateral yellow
stripe; snout blunt and rounded (SP/HL=0.06); TN/ET=2.7;
premaxillary and maxillary teeth 33, vomeropalatine teeth 36,
dentary teeth 35, inner mandibular teeth 30; inner mandibular
tooth row shorter than dentary row; tail ending in a large blunt
cap; total annuli 346 (dorsal count), encircling venter by
forming an angle pointing tailwards, though somewhat indistinct medially along the whole venter; three annuli interrupted
by cloacal disc, two posterior to cloacal disc; cloacal disc
round; vertebrae 112; scales present in two to three rows per
annulus (dorsolaterally) over the whole length of body.
The species differs from all other known unstriped congeners in
the following characters: from I. acuminatus by the presence of
scales on the anterior half of body; from I. billitonensis by more
inner mandibular teeth (30 vs. 2); from I. bombayensis by more
inner mandibular teeth (in specimens of equal or larger size) (IM=
30 vs. 8–18); from I. cardamomensis sp. nov. by the presence of
scales on the anterior half of body; from I. catlocensis sp. nov. by
the eye being more distant from the eye than from naris (TN/ET=
2.7 vs. 4.5); from I. chaloensis sp. nov. by a larger eye size (HL/
ED=10.9 vs. 31.3) and a smaller snout projection (SP/HL=0.06
vs. 0.14); from I. dulitensis by fewer scale rows per pocket (1 vs.
4–5); from I. glandulosus in having more annuli (346 vs. 273–
286); from I. javanicus by the presence of scales on the anterior
half of body; from I. lakimi by the presence of scales on the
anterior half of body; from I. larutensis by the presence of inner
mandibular teeth; from I. monochrous by more annuli (346 vs.
247); from I. orthoplicatus by more annuli (346 vs. 205–291);
from I. sikkimensis by more annuli (346 vs. 276–292); from
I. singaporensis by more annuli (346 vs. 267); from
I. sumatranus by more annuli (346 vs. 315–329); from I. weberi
by the presence of inner mandibular teeth; from I. youngorum by
the presence of scales on the anterior half of body.
Description of holotype Selected morphological and meristic
data are given in Table 4. Condition of the preserved specimen:
both jaw angles broken; large T-shaped cut in skin on dorsal side
of head; skull as well as parts of the skin around the snout area
are missing; three ventral incisions, first (44 mm in length) at
midbody, second (60 mm in length) about 12 mm posterior to the
first, and third (42 mm in length) lateral and anterior to vent disc;
several scale pockets opened dorsolaterally; and beige in color.
Head (see Fig. 13) probably flattened dorsoventrally; in
dorsal view, head narrows slightly between first collar and
corner of mouth, anterior to corners of mouth the head is
distinctly narrowing towards tentacle; snout anterior to tentacles bluntly rounded; in lateral view, head tapers between
collar region and nares; nares very close to tip of snout; snout
dropping almost vertically anterior to nares; lips straight
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Fig. 13 Holotype (MNHN
1928.95) of Ichthyophis laosensis
in preservative (TL, 318.0 mm).
Photographs by PG

edged; corner of mouth somewhat closer to bottom of head
than to top of head; mouth terminal, snout barely projecting; in
ventral view, gular region flattened, with a distinct median
groove, starting at level of tentacles, continuing on first collar;
eyes visible through unpigmented skin, rounded, lens forming
a dark-grey central disc, not elevated above adjacent skin; in
lateral view eyes somewhat closer to top of head than to upper
lip; tentacular aperture 2.7 times closer to the eye than to naris,
almost reaching the edge of the upper lip, smaller than naris;
tentacular sheaths elevated from adjacent skin, visible only in
dorsal view; in preservative, tentacles slightly protruding from
tentacular aperture; nares oval in shape, closer to top of head
than to upper lip, visible in dorsal view, not visible in ventral
view; teeth (Fig. 5d) small, strongly recurved and bicuspid; 33
premaxillary-maxillary, 36 vomeropalatine, 35 dentary, and
30 inner mandibular teeth; teeth in premaxillary-maxillary and
dentary series slightly larger than teeth in vomeropalatine and
inner mandibular series; length of vomeropalatine longer than

premaxillary-maxillary row; length of inner mandibular tooth
row about three thirds of dentary row; palate only slightly
arced, choanae oval, slightly elongated; tongue triangular with
a blunt tip; first collar wider and deeper than head; second
collar gradually narrowing towards trunk; collar grooves only
distinct on ventral and lateral skin, vanishing dorsally; in
ventral view, anterior as well as posterior border of collar
distinct; second collar slightly longer than first; no dorsal
transverse groove on second collar; anteriormost six annuli
not encircling the belly; following grooves encircle venter by
forming an angle pointing towards tail; on about 40 mm
anterior to cloacal disc, grooves cross venter in a straight line;
on the median portion of venter, grooves are less distinct and
less deep than on flanks and dorsum; even double-S shape;
total annuli 346/345 (dorsal count/ventral count); vertebrae
112; longitudinal cloacal slit situated in a round cloacal disc,
interrupting three annuli; cloaca surrounded by 7/7
(right/left) denticulations (Fig. 6d); tail bearing two
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Fig. 14 Holotype (FMNH 189250) of Ichthyophis youngorum in preservative (TL, 208.0 mm). Photographs by Harry Taylor

annuli, grooves not complete ventrally, terminating in a
distinct large cap; scales present in one row per scale
pocket (counted dorsolaterally) over the whole length of
trunk; scales oval in shape.

research is urgently needed to specify the actual distribution
area in Laos as well as the population size of I. laosensis.

Differences from the description by Taylor (1969) The following characters measured or counted by us deviate from the
data provided by Taylor (1969) (marked with an asterisk):
HW=9.7 vs. 12*; AV=3 vs. 2*; TN=4.3 vs. 4.2*; EE=6.2 vs.
7.3*; ES=5.1 vs. 6.3*; UJL=10.8 vs. 9.5; PMM=33 vs. 43*;
VP=36 vs. 44*; DE=35 vs. 40*; IM=32 vs. 30*.

Holotype A metamorphosed male (FMNH 189250, Fig. 14)
collected 12 July 1957 at Doi Suthep, Chiang Mai Province,
Thailand, by E.H. Taylor at approximately 1200 m asl (Taylor
1960).

Coloration Faded in preservative and now uniformly fawn
colored, showing nearly no difference between dorsum and
venter (Fig. 13). Presumably much darker in life. There is no
indication of a formerly (in life) present lateral stripe
Distribution Only known from the type specimen, from an
unspecified location in Upper Laos (see Fig. 1)
Conservation status Though collected already in 1928 and
described in 1969 the holotype remains the only record of this
species. Ichthyophis laosensis is currently listed as Data
Deficient by IUCN (van Dijk et al. 2004b) and further

Ichthyophis youngorum Taylor, 1960

Paratypes FMNH 189251, (adult male collected by E.H.
Taylor at the type locality). Taylor (1960, 1967) mentioned
eight additional topotypic larval paratypes. The specific identity of these specimens remains unclear (see also distributional
remarks below).
Diagnosis A species of Ichthyophis without a lateral yellow
stripe; total length of metamorphosed specimens 208–217 mm,
length about 19–21 times of midbody width; snout blunt and
rounded (SP/HL=0.01); TN/ET=2.5; premaxillary and maxillary teeth 28, vomeropalatine teeth 40, dentary teeth more
than 28, inner mandibular teeth more than 18; total annuli
(dorsal count) 318–328, encircling body by forming an angle
pointing towards tail on anterior three quarters of venter, five to
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six annuli interrupted by cloacal disc, four tail annuli posterior
to the cloacal disc; cloacal disc rounded; 108 vertebrae (excluding the larval paratype FMNH 189252, which has 104
vertebrae); scales in one to two rows per annulus
(dosolaterally), present only in the posterior third of body.
The species differs from all other known unstriped congeners in the following characters: from I. acuminatus by one to
two instead of four rows of scales per scale pocket and by
fewer premaxillary and maxillary teeth (22–28 vs. 35–43);
from I. billitonensis in having more inner mandibular teeth
(18–19 vs. 2); from I. bombayensis by the absence of scales on
the anterior third of body; from I. cardamomensis sp. nov. by
fewer vertebrae (108 vs. 120); from I. catlocensis sp. nov. by
the tentacle being closer to the to naris (TN/ET=2.5 vs. 4.5);
from I. chaloensis sp. nov. in a shorter snout (SP/HL=0.01 vs.
0.14); from I. dulitensis by the absence of scales on the
anterior two third of body; from I. glandulosus by more annuli
(318–328 vs. 273–286); from I. javanicus in having fewer
annuli (318–328 vs. 348–351); from I. lakimi by more inner
mandibular teeth (18 vs. 14); from I. laosensis by the absence
of scales on the anterior two thirds of body; from I. larutensis
by the the presence of inner mandibular teeth; from
I. monochrous by the absence of scales on the anterior two
thirds of body and a higher count of annuli (318–328 vs. 247);
from I. orthoplicatus by more annuli (318–328 vs. 205–291);
from I. sikkimenis by more annuli (318–328 vs. 276–292);
from I. singaporensis by the absence of scales on the anterior
two thirds of body; from I. sumatranus by the absence of
scales on the anterior two thirds of body; and from I. weberi by
the presence of inner mandibular teeth.
Description of holotype Selected morphological and meristic
data are given in Table 4. Condition of the preserved specimen: jaws deeply cut on right side, with cut extending through
collars and first five annuli; gums and tooth rows partially
damaged; and ventrolateral incision (12 mm) extends from
about 60 mm anterior of vent disc
Head (see Fig. 14) flattened dorsoventrally; in dorsal view,
head narrows slightly between first collar and corner of
mouth, anterior to corner of mouth, outline of head forms a
bluntly rounded parabolic curve; snout bluntly rounded; in lateral
view, top of head nearly flat, beginning to abruptly curve downwards just anterior of nares; lower jaw more tapering between
collar region and tip of lower jaw; nares very close to tip of snout;
snout dropping almost vertically anterior to nares; lips straight
edged; corner of mouth somewhat closer to bottom of head than
to top of head; mouth terminal, snout barely projecting; in ventral
view, gular region slightly depressed, with a deep median
groove, starting at level of tentacles, continuing halfway onto
second collar; eyes visible through unpigmented skin, rounded,
lens forming a dark-grey central disc, not elevated above adjacent skin; in lateral view eyes equidistant between top of head
and upper lip; tentacular aperture nearly twice as far from naris
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than from eye, almost same size as naris; distance from upper lip
about the diameter of tentacular aperture; tentacular sheaths
elevated from adjacent skin, visible only in dorsal view; in
preservative, tentacles not protruding from tentacular aperture;
nares oval in shape, about equidistant between top of head and
upper lip, barely visible in dorsal view, not visible in ventral
view; teeth recurved and bicuspid, with relatively widely spaced
accessory cusp; 28 premaxillary-maxillary, 33 vomeropalatine,
28 dentary, and 19 inner mandibular teeth (tooth counts for
vomeropalatine, dentary, and inner mandibular series incomplete
due to damage); both collars wider and deeper than head; second
collar gradually narrowing towards trunk; collar grooves only
distinct ventrally and laterally, vanishing dorsally; one dorsal
transverse groove on second collar; in ventral view, anterior as
well as posterior border of collars distinct; second collar slightly
longer than first; anteriormost eight annuli ventrally narrowly
incomplete; following grooves encircle venter by forming an
angle pointing towards tail on anterior three quarters of body;
annuli on last quarter cross venter in a straight line; total annuli
318; vertebrae 108; longitudinal cloacal slit situated in a round
cloacal disc, interrupting five annuli; cloaca surrounded by irregular denticulations; tail bearing four annuli (including cap),
grooves not complete ventrally, terminating in a small terminal
cap; scales present in one to two rows per scale pocket (counted
dorsolaterally) in the posterior third of the body; and scales oval
in shape.
Coloration Presumably somewhat faded in preservative (see
Fig. 14) and now dark brown on dorsum and somewhat lighter
ventrally; cloacal disc and tail cap light colored; and naris and
tentacular aperture with narrow light colored margins. Overall
color presumably darker in life.
Variation Selected morphological and meristic data are given in
Table 4. Paratype FMNH 189251 has a higher number of annuli
(328) and slightly different tooth counts (see Table 4). However,
it resembles the holotype in several characteristic features: number of vertebrae (both 108); TN/ET=2.5; SP/HL=0.01; the
absence of scales on the anterior two thirds of body.
Differences from the description by Taylor (1960) The following characters measured or counted by us deviate from the
data provided by Taylor (1960) (marked with an asterisk):
holotype: HW=7.6 vs. 9*; ET=1.1 vs. 1.3*; TN=2.7 vs. 2.6*;
EN=3.8 vs. 3.5*; TAL=208 mm vs. 210 mm*; TAD=318 vs.
324*; PMM=28 vs. 43*; VP=33 vs. 43*; DE=28 vs. 40*;
IM=19 vs. 24*. The paratypes resemble Taylor’s descriptions
except the vertebrae counts, 108 vs. 106–107*.
Distribution The species is only known from its type locality
in the Doi Suthep (see above) and Doi Ankang mountain
located in Chiang Mai Province, northern Thailand
(Chan-ard 2003). See Fig. 1. The collections of the Field
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Museum contain two specimens from the collection of E. H.
Taylor that are catalogued as I. youngorum. These were collected by Taylor at “Ronpibon” (Ron Phibun), Nakhon Si
Thammarat Province of southern Thailand, far away from
the type locality in northern Thailand. Both specimens are
small larvae (78 and 83 mm TL) and appear unstriped. Where
known, stripe development in larvae of striped Ichthyophis
occurs at larger sizes (Kupfer et al. 2005), and it is therefore
impossible to determine with any certainty the specific identity of these specimens (as long as formalin fixation hinders
molecular approaches). Taylor collected specimens of
I. supachaii at Ron Phibun (Kupfer and Müller 2004) and
the attribution of the two larvae to I. youngorum cannot
currently be verified and seems mistaken.
Conservation status The species has not been recorded again
since the collection of the type series in 1957. At present,
I. youngorum is listed as data deficient by the IUCN (van Dijk
et al. 2004c) and further research is urgently needed to specify
the actual distribution area in Thailand as well as the population size of I. youngorum.

Discussion
Phylogenetic relationships and biogeography The species of
Ichthyophiidae are quite similar in morphology with few
diagnostic characteristics known, thus application of molecular methods, including analysis of mtDNA gene sequences, is
crucial to get a diagnostic tool to detect cryptic diversity
within Indochinese Ichthyophis (Gower et al. 2002;
Nishikawa et al. 2012a).
Discoveries of new amphibian species contribute not only to
evaluating regional faunal diversity but also to estimating the
geohistory of the Southeast Asian landmass (Roelants et al.
2007; Matsui et al. 2010a, b; Nishikawa et al. 2012a; and
references therein). Their secretive biology makes caecilian
biodiversity greately underestimated; at the same time, caecilian susceptibility to vicariant fragmentation makes them strong
candidates for tracking geohistorical events (Gower et al. 2002;
Hedges et al. 1993; Wilkinson et al. 2002; Nishikawa et al.
2012a). Thus elucidating phylogenetic relationships among
Ichthyophiidae of Southeast Asia is important for a better
understanding of the biogeography of the region.
A comprehensive reconstruction of phylogenetic relationships of ichthyophiids is a far more challenging task and
requires more samples and genes to be studied. However,
even with the limited sampling employed here, some previously unknown patterns of the phylogenetic relationships of
Indochinese Ichthyophis populations begin to emerge.
Although our data do not fully resolve the phylogenetic relationships among Southeast Asian Ichthyophiidae, the combined analysis of cyt b and COI sequence data clearly indicates
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that the three unstriped species discovered recently in
Indochina and described herein belong to at least two separate
clades (Fig. 2). The unstriped species I. cardamomensis sp.
nov. from the Cardamom mountains in Cambodia is recovered
to form a sister lineage of the recently described
I. nguyenorum, a striped Ichthyophis from the Annamite
(Truong Son) Mountains in central Vietnam. The support
values for this clade are high (BS/BPP=99/82/1.0). The
known ranges of I. cardamomensis sp. nov. in the
Cardamom mountains and I. nguyenorum in the central
Annam (Truong Son) mountains are separated by the Lower
Mekong River valley. The sistergroup to these two species is
the I. bannanicus species complex, distributed northwards–in
northern Thailand, Vietnam and southern China. This pattern
is of a certain biogeographic interest.
The two unstriped Indochinese Ichthyophis species
from Vietnam do not show any close affinities to the
I. bannanicus species complex, or to the
I. cardamomensis sp. nov.–I. nguyenorum clade. In the
combined cyt b and COI analysis these two species,
I. catlocensis sp. nov. and I. chaloensis sp. nov., form
a clade with weak support values (BS=71/64/0.82) and
are clearly distinct from all other Indochinese Ichthyophis
species in the analysis (Fig. 2). In the cyt b tree (Fig. 3),
the monophyletic group including I. catlocensis sp. nov.
and I. chaloensis sp. nov. receives no significant support,
however the group also includes a third species, I. lakimi,
a recently described unstriped species of Ichthyophis from
Sabah, Borneo (Nishikawa et al. 2012c); the latter forms a
monophylum with the south-Vietnamese I. catlocensis sp.
nov. (BPP=0.99). In general, the phylogenetic relationships within this clade remain unresolved (Fig. 3) and
further studies of additional genes and specimens are
required for biogeographic or evolutionary interpretations
of the observed pattern.
Taxonomic diversity In previous reviews, striped Vietnamese
Ichthyophis were either all treated as I. bannanicus (Nguyen
et al. 2009) or the presence of I. bannanicus was restricted to
the north of the country, with populations of striped
Ichthyophis in the far south assigned to I. kohtaoensis, and a
number of undescribed species proposed for the central parts
of the country (Ichthyophis sp. 1, Ichthyophis sp. 2, and
Ichthyophis sp. 3; see Orlov & Ananjeva 2007). Recent preliminary surveys of molecular differentiation of ichthyophiids
from Southeast Asia proposed that Indochina might host some
undescribed Ichthyophis species, indicated as Ichthyophis sp.
(Gower et al. 2002; Nishikawa et al. 2012a). Though
Nishikawa et al. (2012a) had quite limited sampling from
Indochina, the material allowed them to recover a yet
undescribed lineage Ichthyophis sp. 2 of Nishikawa et al.
(2012a) and describe it as I. nguyenorum, based on three
specimens (Nishikawa et al. 2012b).
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Although the sample size in this study is also limited, our
preliminary analysis revealed the presence of an even higher
undescribed diversity among Indochinese Ichthyophiidae,
suggesting that the previous results are likely explained by
insufficient sampling in the area. We also indicate the presence
of at least two distinct lineages of striped Ichthyophis, which
appear neither to be closely related to I. bannanicus nor to
I. kohtaoensis. One of them from southern and central
Vietnam corresponds to I. nguyenorum of Nishikawa et al.
(2012b)), whereas the second one, to date only known from a
limited area in southern Vietnam and indicated in this work as
Ichthyophis sp. 1, is genetically close (genetic distance for cyt
b gene p=9.37 %) to I. bannanicus, which is much larger than
the minimal uncorrected genetic distance recognized between
heterospecific groups by Nishikawa et al. (2012a; 2012b) (p=
7.2 % for cyt b gene). The taxonomic status and extent of
distribution of this form, as well as the members of the
I. bannanicus species complex and I. nguyenorum in
Indochina and Thailand should be reconsidered. Moreover,
in the present study we document significant differentiation
among the southern and northern populations of
I. bannanicus: in our analyses they form reciprocally monophyletic groups and show high level of genetic differentiation.
The taxonomic value of these differences has to be tested by a
denser sampling of striped Ichthyophis from Indochina and
morphological studies; here, we tentatively regard populations
of striped Ichthyophis from southern Indochina as I. cf.
bannanicus. The status of all these lineages, as well as the
presence and distribution of I. bannanicus and I. kohtaoensis
in Vietnam requires confirmation and further research with
additional material and genes studied.
In the present paper for the first time, we applied COI
partial sequence data for biodiversity studies in the family
Ichthyophiidae. Though this marker has been selected as a
standard DNA-barcoding marker for vertebrates (Hebert et al.
2003, 2004a, b; Hebert and Gregory 2005), it has been for a
long time neglected in studies of caecilians where researchers
mostly focused on cyt b, 16S and 12S rRNA genes (Gower
et al. 2002; Wilkinson et al. 2002; Nishikawa et al. 2012a).
Later works on COI barcoding of caecilians were mostly
focused on examining diversity within the families
Herpelidae (Gower et al. 2011a) and Indotyphlidae (Gower
et al. 2011b). Our results provide further support for use of the
COI gene as a barcoding marker in caecilians, show that the
COI gene partial sequence is a highly informative mtDNA
marker, and the presence of newly designed COI primers for
amphibians (Che et al. 2012) makes this gene a promising tool
for further scrutinizing of cryptic biodiversity in
Gymnophiona within the recently announced COLD CODE
barcoding initiative (Murphy et al. 2012).
Morphological characters The presence of pale lateral stripes
is believed to be important for species identification (Taylor
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1968). We tested whether the absence of lateral stripes is a
valuable character distinguishing new species, or whether it
may be associated with intrapopulational diversity or, possibly, age of specimens. Lack of stripes was also interpreted by
some authors as a heterochrony, i.e., a retention of larval
characters in metamorphosed specimens (Nishikawa et al.
2012a). The latter phenomenon was recently reported and
discussed for Bornean Ichthyophis (see discussion in
Nishikawa et al. 2012a, c). Our results affirm the absence of
lateral stripes to be a valuable distinguishing trait between
species. However, as previously discussed by Nishikawa et al.
(2012a), Taylor’s (1968) suggestion to use this characteristic
to divide Ichthyophis into two groups has not been justified by
our work as well. We identified the relative eye-size ratio (HL/
ED) as a new morphological character to be valuable for
species determination (see diagnostic paragraph of
I. chaloensis sp. nov. above). Himstedt (1995) demonstrated
in his study on the ontogeny of eyes in Ichthyophis cf.
kohtaoensis that absolute eye size barely changes after metamorphosis. This suggests an increase of the HL/ED ratio with
increasing age and size during ontogeny, as HL increases
while ED only marginally changes. In I. chaloensis sp. nov.,
the value of the latter ratio (31.3) is already about 1.5 to 3
times higher than the related ratios of other investigated species, although compared specimens are mostly larger in size,
and therefore should show relatively higher ratio values. As in
other morphological characters used in ichthyophiid taxonomy, further research on variation and systematic utility are
needed as soon as larger sample sizes are available.
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Appendix 1

Table 5

List of Ichthyophis specimens used in molecular analyses and Genbank AN information

Specimen ID

Species (taxonomy used herein) Taxonomy used in original Locality
publication

Genbank AN
COI

ZFMK 82859

I. bannanicus

Vietnam: Tuyen Quang: Tam Dao

KP264580 KP264605

I. bannanicus
I. bannanicus
I. bannanicus
Ichthyophis kohtaoensis
I. kohtaoensis
I. kohtaoensis
I. kohtaoensis

Vietnam: Vinh Phuc: Tam Dao
Vietnam: Vinh Phuc: Tam Dao
China: Guangdong
Vietnam: Kien Giang: Phu Quoc
Cambodia: Pursat: Che Teal Chrum
Cambodia: Pursat: Che Teal Chrum
Cambodia: Pursat: Che Teal Chrum

KP264581
KP264582
KP264583
KP264584
KP264585
KP264586
KP264587

KP264606
KP264607
KP264608
KP264609
KP264610
KP264611
KP264612

I. bannanicus (southern clade)
I. bannanicus (southern clade)
I. bannanicus (southern clade)
I. bannanicus (southern clade)
Ichthyophis sp. 1
Ichthyophis sp. 1
Ichthyophis cardamomensis
sp. nov.
LSUHC 10106
I. cardamomensis sp. nov.
ZMMU NAP-03588 Ichthyophis nguyenorum

I. kohtaoensis
I. kohtaoensis
I. kohtaoensis
I. kohtaoensis
–
–
Ichthyophis sp.

Cambodia: Pursat: Che Teal Chrum
Cambodia: Siem Reap: Siem Reap City
Thailand: Menam-Ufa
Thailand: Chonburi: Pattaya
Vietnam: Dong Nai: Vinh Cuu
Vietnam: Dong Nai: Vinh Cuu
Cambodia: Pursat: Phnom Dalai

KP264588
KP264589
KP264590
KP264591
KP264592
KP264593
KP264594

KP264613
KP264614
KP264615
KP264616
KP264617
KP264618
KP264619

Ichthyophis sp.
I. nguyenorum

KP264595 KP264620
KP264596 KP264621

ZMMU NAP-01607 I. nguyenorum

I. nguyenorum

ZMMU NAP-00831 I. nguyenorum

I. nguyenorum

Cambodia: Pursat: O'Som
Vietnam: Lam Dong: Cat Loc,
Sui Lan
Vietnam: Lam Dong: Cat Loc,
Sui Lan
Vietnam: Dong Nai: Nam Cat Tien

IEBR 1518
ZFMK 88470
IEBR A.2011.16

ZFMK 72351
ROM 03829
ZMMU FN:NP34
IEBR A.2010.32
LSUHC 8404
LSUHC 8405
LSUHC 8406

Ichthyophis bannanicus
(northern clade)
I. bannanicus (northern clade)
I. bannanicus (northern clade)
I. bannanicus (northern clade)
I. bannanicus (southern clade)
I. bannanicus (southern clade)
I. bannanicus (southern clade)
I. bannanicus (southern clade)

cyt b

LSUHC 8409
ZFMK 89285
ZFMK 25737
ZMMU NAP-01222
VNUH FN:MA3a
VNUH FN:MA3b
LSUHC 9335

KP264597 KP264622
KP264598 KP264623

I. nguyenorum
Ichthyophis sp.
–

Vietnam: Tuyen Quang: Son Duong
Malaysia: Kedah: 80 km N Baling
Vietnam: Quang Binh: Minh Hoa

KP264599
KP264600 KP264624
KP264601 KP264625

ZFMK 88976

I. nguyenorum
Ichthyophis supachaii
Ichthyophis chaloensis
sp. nov.
I. catlocensis sp. nov.

–

KP264602 KP264626

ZFMK 37201
ZFMK 16132

Ichthyophis glutinosus
I. glutinosus

I. glutinosus
I. glutinosus

Vietnam: Lam Dong: Cat Loc,
Sui Lan
Sri Lanka (Ceylon)
Sri Lanka (Ceylon)

KP264603 KP264627
KP264604 KP264628
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Appendix 2

Table 6

List of Ichthyophiidae sequences used in molecular analyses and Genbank AN information

Species (taxonomy used herein)

Taxonomy in original publication

Distribution

Genbank AN

Ichthyophis bannanicus (northern clade)

I. bannanicus

S China, N Vietnam

I. bannanicus (southern clade)

Ichthyophis kohtaoensis,
I. kohtaoensis ssp.,
and Ichthyophis sp.
I. nguyenorum and
Ichthyophis sp.
I. cf. kohtaoensis
I. cf. hypocyaneus, I.
cf. kohtaoensis,
and Ichthyophis sp. 1
I. cf. supachaii

E Thailand

AB686045, AB686053, AB686073,
AY101255, AY101259, AY101260,
AY101261, EU678925, EU678926,
GQ249903, GQ249904, HM011448,
HM011454, HM011458, HM011460,
HM011464, and NC006404
AY101256, AY101257, AY101256,
and AY101257

Malaysia: Perak
Myanmar: Ayeyarwady
Malaysia: Sabah
Malaysia: Sabah
Malaysia: Sarawak
Malaysia: Sabah; Sarawak

Ichthyophis sp. 2

Caudacaecilia larutensis
Ichthyophis sp. and I. multicolor
Ichthyophis sp. 3
Ichthyophis sp. 4
I. biangularis
Caudacaecilia cf. asplenia
and Caudacaecilia sp. 2
Caudacaecilia cf. asplenia

Ichthyophis cf. mindanaoensis
Ichthyophis sp. 3
Ichthyophis sp. 4
Ichthyophis nigroflavus
Ichthyophis beddomei
Ichthyophis tricolor
Ichthyophis orthoplicatus

I. cf. mindanaoensis
Caudacaecilia sp. 1
Ichthyophiidae
Caudacaecilia cf. nigroflava
I. beddomei
I. tricolor
I. orthoplicatus

Philippines: Mindanao
Malaysia: Sabah
Malaysia: Sarawak
Malaysia: Sabah
India: Western Ghats
India: Western Ghats
Sri Lanka (Ceylon)

Ichthyophis glutinosus

I. glutinosus

Sri Lanka (Ceylon)

Uraeotyphlus cf. oxyurus
“Ichthyophis” bombayensis

Uraeotyphlus cf. oxyurus
I. malabarensis

India: Tamil Nadu, Kerala
India: W and E Ghats

Ichthyophis nguyenorum
I. cf. kohtaoensis
Ichthyophis hypocyaneus

Ichthyophis supachaii

Ichthyophis larutensis
Ichthyophis multicolor
Ichthyophis lakimi
Ichthyophis pauli
Ichthyophis biangularis
Ichthyophis asplenius

C Vietnam

AB686104 and AY101258

S Thailand
Malaysia: Johor;
Indonesia: Java

AB686042, AB686043, and AB686044
AB686081, AB686101, and AB686102

Malaysia: Malay peninsula

AB686054, AB686059, AB686061,
AB686068, AB686070, AB686099,
AB686100, and AB686103
AB686091
FR716020 and FR716021
AB686094
AB686064
AB686052, AB686080, and AB686089
AB686041, AB686095, and AB686096

Malaysia: Malay peninsula

AB686066, AB686069, AB686074,
AB686075, AB686076, AB686077,
AB686078, AB686079, AB686082,
AB686083, and AB686086
AB686055
AB686065
AB686040
AB686056 and AB686058
AY101250 and AY101252
AY101248 and AY101249
AY101253, AY700974, AY700975,
AY700976, and AY700977
AY101254, AY700973, AY700978,
AY700979, AY700982, AY700983,
AY700984, AY700985, AY700987,
AY700988, and NC006302
AY456254 and NC006305
AY101245 and AY700989

For compatibility of our data with results of Nishikawa et al. (2012a) and Gower et al. (2002), we give the taxonomy used in the original publications of
used sequences
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Table 7 List of unstriped
Ichthyophis specimens examined
morphologically

Specimen ID

Species

Locality

AMNH A20875
BMNH
1921.4.1.338
BMNH 1961.2055
BMNH 1961.2057
LSUHC 9335

Ichthyophis acuminatus
I. acuminatus

Chiang Mai Province, Thailand
Chiang Mai Province, Thailand
“Muang Liep”, Thailand
“Pa Meang, Mae Wang, Thailand” (today: Laos)
Cardamom Mountains, southwestern Cambodia

CBC 01185
LSUHC 10106
ZFMK 88976
IEBR A.2011.16

I. acuminatus
I. acuminatus
Ichthyophis cardamomensis sp.
nov.
I. cardamomensis sp. nov.
I. cardamomensis sp. nov.
I. catlocensis sp. nov.
Ichthyophis chaloensis sp. nov.

MNHN 1928.95
FMNH 189250
FMNH 189251
FMNH 189252
FMNH 189253

Ichthyophis laosensis
Ichthyophis youngorum
I. youngorum
I. cf. youngorum
I. cf. youngorum

“Haute Laos”
Chiang Mai Province, Thailand
Chiang Mai Province, Thailand
Chiang Mai Province, Thailand
Chiang Mai Province, Thailand
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