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Abstract
The megophryid frogs Leptobrachella brevicrus, Leptolalax dringi and Megophrys dringi are species exclusively known
from highly localised areas in isolated mountain ranges on Borneo. The tadpoles and adults in this study were collected
at the shared type locality for the three species in Gunung Mulu National Park, Sarawak, Malaysia (Borneo). The species
identities of larvae were determined via comparison to syntopic adults using DNA barcoding techniques based on partial
16S rRNA mitochondrial gene sequences. The genetic data supported the status of the three taxa as valid species. Descriptions of colouration in life and after preservation, external morphological features, morphometric measurements and ecological notes in comparison to congeneric species are supplied. The tadpoles of L. brevicrus and L. dringi show similar
adaptations to a fossorial lifestyle. These include an elongated, vermiform body, a relatively long tail and small eyes. Both
were found in the gravel beds of a small mountain stream. In contrast, the larvae of M. dringi are adapted to occupying
and feeding at the surface of pools within the stream.
Key words: Borneo, Leptobrachella brevicrus, Leptolalax dringi, Megophrys dringi, anuran larvae, external morphology,
fossorial tadpole, rheophilic tadpole, phylogenetic relationships, DNA barcoding

Introduction
Although the true number of amphibian species on Borneo is probably vastly underestimated (Inger 1999; Inger et
al. 2006), the island is already considered a biodiversity hotspot for amphibians of global importance (Myers et al.
2000). Its fauna is known to include a large number of micro–endemic species, many of them from the numerous
isolated peaks and ridges of the mountain range in the north–eastern part of Borneo (e.g. Inger 1966; Dring 1983;
1983, 1987; Inger & Stuebing 1997, 2005; Dehling 2008, 2010, 2011). Gunung Mulu National Park in
north–eastern Sarawak, Malaysia (Borneo) protects the sandstone formation of the Gunung Mulu massif, which
rises up to reach 2,376 m a. s. l., and the limestone mountains of the Melinau formation (Hazebroek & Morshidi
2000).
The various species of Megophryidae Bonaparte are distributed across South and South–East Asia
(amphibiaweb.org 2013; Frost 2014; Lathrop 1997; Li et al. 2011), making a significant contribution to the
extraordinarily high amphibian diversity found on the islands of Sundaland. Borneo, the largest land unit of
Sundaland, is home to 26 reported species of megophryid frogs, several of which have been discovered and
described only recently (Inger & Stuebing 1997, 2005; Hamidy et al. 2012). Most megophryid frogs are nocturnal
inhabitants of the floor of subtropical or tropical forests and are characterised by their impressive camouflage
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against the leaf litter of their habitats. Another feature of megophryid frogs is the morphological diversity of their
larval forms in adaptation to a variety of niches in aquatic habitats. The tadpoles of the subfamily Megophryinae
have characteristic umbelliform oral discs that are dorsally orientated for surface feeding (Orton 1953; Dubois &
Ohler 1998; Li et al. 2011; Frost 2014). In contrast, Leptobrachiinae larvae exhibit oral discs that are oriented
anteroventrally (Dubois & Ohler 1998; Li et al. 2011; Frost 2014). Within Leptobrachiinae, most genera have
generalised pond–type tadpoles. The larvae of Leptobrachella and Leptolalax, however, possess an elongated
buccopharyngeal area (Li et al. 2011) and a vermiform body shape in adaptation to a fossorial lifestyle. These
tadpoles live at the bottom of riffles and torrents in small streams, in gravel beds or in crevices between larger rocks
(Inger 1966, 1983, 1985, 1986; Nodzenski et al. 1989; Haas et al. 2006; Li et al. 2011).
Despite a relatively long history of investigations into the tadpole fauna of Borneo, starting in the mid-1960s
with Robert F. Inger and collaborators (Inger 1966, 1983, 1985), the larval stages of many megophryid frogs
remain unknown. Descriptions of the tadpoles of Bornean megophryids are only available for Leptobrachella
mjobergi Smith (Inger 1983, 1985; Nodzenski et al. 1989; Haas et al. 2006), Leptobrachium hasselti Tschudi
(Inger 1966), L. hendricksoni Taylor (Inger 1983), L. montanum Fischer (Inger 1983; Nodzenski et al. 1989), L.
kanowitensis Hamidy, Matsui, Nishikawa, and Belabut (as L. nigrops, Inger 1983), Leptolalax arayai Matsui
(Malkmus et al. 2002), L. gracilis (Günther) (Inger 1966, 1983; Nodzenski et al. 1989), Megophrys kobayashii
Malkmus and Matsui (Malkmus et al. 2002), M. nasuta (Schlegel) (Inger 1966, 1983; Schmidt 1976; Nodzenski et
al. 1989; Manthey & Grossmann 1997; Leong & Chou 1999; Malkmus et al. 2002; Wildenhues et al. 2012), and
Megophrys baluensis (Boulenger) (Malkmus et al. 2002). However, these descriptions are not always based on a
reliable method of semaphoront (individual at a specific stage, here larva or adult) identification and matching.
Furthermore, the taxonomy of some genera has changed in recent years as complexes of cryptic species have been
recognized (Hamidy et al. 2012; Matsui & Dehling 2012; authors' unpublished data). Diagnostic characters and
usable identification keys are as yet unavailable, even for the adults of many species. As a consequence, it is almost
impossible to identify the larvae of most Bornean megophryids unambiguously. Numerous highland species in
particular have tadpoles that are completely unknown. However, the biphasic life cycle of amphibians makes the
rapid and unequivocal identification of larval stages an essential component of ecological studies, biodiversity
inventories and conservation efforts (Altig 2007; Altig et al. 2007; Das & Haas 2005, 2011; Haas & Das 2008,
2011).
The three megophryid frogs Leptobrachella brevicrus Dring, Leptolalax dringi Dubois and Megophrys dringi
Inger Stuebing & Tan were collected by Julian Dring during the Gunung Mulu Expedition of 1977–1978. This
expedition was organised by the Royal Geographical Society in association with the Sarawak Government,
Malaysia. The collection site was later defined as the type locality of these species and is protected at present as the
Gunung Mulu National Park (Dring 1983a, 1983b; Dubois 1987; Inger et al. 1995). Leptobrachella brevicrus and
Leptolalax dringi are known exclusively from their type locality, while Megophrys dringi is also known from an
isolated site in the Crocker Range in Sabah (Stuart et al. 2008; Matsui & Dehling 2012). Consequently, L. dringi
and L. brevicrus need to be considered as rare, micro-endemic species of the Gunung Mulu massif. Their known
distribution is a single small stream belonging to the headwaters of the Sungei Tapin river system within primary
upper montane forest on a steep slope of Gunung Mulu at an elevation of approximately 1,700 m a.s.l. M. dringi
probably has a similarly limited distribution, currently known to consist of allopatric populations on two isolated
mountains. As a result, L. brevicrus is regarded as Vulnerable, and L. dringi and M. dringi are categorised as Near
Threatened, due to their very small known ranges (Inger et al. 2004a, b).
In this study, the tadpoles collected at the type locality of Leptobrachella brevicrus, Leptolalax dringi and
Megophrys dringi were assigned to syntopic adult individuals using a DNA barcoding approach and a phylogenetic
hypothesis. The external morphology of the identified larval stages is described and compared with congeners for
the first time.

Material and methods
Data collection in field. Specimens of Leptobrachella brevicrus, Leptolalax dringi and Megophrys dringi were
collected on 31 March 2007 at the shared type locality of these species (Dring 1983a; Dubois 1987; Inger et al.
1995) in the Gunung Mulu National Park, Miri Division, Sarawak, Malaysia (north–eastern Borneo) (N
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04°03.361', E 114°51.484') (Table 1). Tadpoles were collected by digging in the gravel bed of a stream or by dip
net, adult specimens were caught by hand at night. Samples of other Bornean megophryid frogs were collected
between 2002 and 2012 on multiple field trips to various areas in Sarawak and Sabah, Malaysia.
Living tadpoles were anesthetized in ca. 2% aqueous Chlorobutanol and photographed alive (Canon EOS
350D, 60 mm and 180 mm macro lens, double flashes, white balance for flashlight photography) in a small glass
tank (20 x 10 x 5 cm, width x height x depth). Specimens were euthanized in the same chloretone solution. Adults
from the same locality were taken as voucher specimens. Before preservation, tissue samples were taken from the
liver or the femoral muscles in adult frogs and from the tail musculature in tadpoles. The tissue samples were
stored in either RNALater® (Ambion/Applied Biosystems) or absolute ethanol. All voucher specimens (Table 1)
were preserved in 4% neutral buffered formalin for at least two weeks, then washed in tap water and transferred to
75% ethanol via 30% and 50% steps to avoid shrinkage.
Morphological identification of adults. All adult specimens were collected at the type locality given in the
original descriptions of these species (Dring 1983a; Dubois 1987; Inger et al. 1995). Adults were diagnosed on the
basis of the following combinations of characters:
Leptobrachella brevicrus: SVL > 19 mm, short legs and snout, compact tarsal gland, flank glands scattered and
rounded, not in a ventrolateral series, no dark tympanic mask or flank stripe (Dring 1983;).
Leptolalax dringi: SVL > 29 mm in males, 37.5 mm in females, no distinction in basic colour between
segments of forelimb, ventral side of forelimb with dark markings (Dubois 1987; Inger et al. 1995; Matsui &
Dehling 2012).
Megophrys dringi: SVL < 50 mm in males, < 65 mm in females, lack of dermal folds on back, absence of
rostral horn, small, narrow projection from eyelid, tympanum obscured by skin, absence of vomerine teeth, narrow
head and long legs (Inger et al. 1995).
Laboratory protocols. We used partial sequences of the mitochondrial 16S rRNA gene to confirm the species
affiliation of the tadpoles collected in comparison to congeneric species. Total genomic DNA was extracted from
macerated muscle or liver tissue using peqGold Tissue DNA Mini Kits (PEQLAB Biotechnologie GmbH),
Wizard_SV Genomic DNA Purification System (Promega, Switzerland), or DNeasy® Blood and Tissue Kit
(Qiagen, Switzerland) according to the manufacturer’s protocols. The following primers were used for PCR
amplification:
16SC
(forward)
5'–GTRGGCCTAAAAGCAGCCAC–3',
or
16SA–L
(forward)
5'–CGCCTGTTTATCAAAAACAT–3', and 16SD (reverse) 5'–CTCCGGTCTGAACTCAGATCACGTAG–3'. To
solve amplification problems with some samples, a new forward primer was designed, 16SC–H
TCAAHTAAGGCACAGCTTA, and combined with the modified reverse primer 16SB–H
CCGGTCTGAACTCAGATCACGT (Palumbi 1996; Vences et al. 2005; Hertwig et al. 2011, 2012). We used a 25
µl PCR reaction volume containing 2 µl DNA, 1 µl of each primer (20 pmol/µl = 20µM), 12.5 µl peqGOLD
PCR–Master–Mix Y (PEQLAB), GoTaq_ Green Master Mix, or GoTaq_ Hot Start Green Master Mix (Promega)
and 8.5 µl ddH2O (PEQLAB, Promega). The cycling conditions for amplification were: denaturation at 94°C for 2
min; 35 cycles at 94°C for 0:30 min, 48.2°C for 0:30 min and 72°C for 1:00 min; then one final extension cycle at
72°C for 5:00 min, stop at 4°C. All PCRs were performed on a Techne TC–512 thermo–cycler. PCR products were
excised from agarose gels and cleaned using the Wizard® SV Gel and PCR Clean–UP System (Promega). To
increase the concentration of PCR products for sequencing, two 25µl reactions were run for each sample and
excised bands were put together prior to cleaning. Sequencing was carried out in both directions by Microsynth
AG (Balgach, Switzerland) or Macrogen Inc. (Seoul, Korea) using the same primers as for amplification. Sequence
preparation, editing and management were performed using Geneious Pro 6.1 (Drummond et al. 2009).
Sequence analyses. In order to match the tadpoles to the respective parent species, we compared the
sequence data thus obtained with our database of orthologous sequences of Bornean megophryid
species—ncluding the syntopic adults from Sungei Tapin. We also used sequences taken from GenBank
(Hamidy et al. 2012) to compare our samples with other known congeneric species in a phylogenetic framework
(Table 1). Pelobates fuscus was selected as the outgroup (Frost et al. 2006; Pyron & Wiens 2011). Alignment
was performed using the MAFFT algorithm (Katoh et al. 2002) implemented as a plug–in (1.3.3) in Geneious
Pro. We chose the E–INS–i mode and standard parameters to obtain alignments with maximized sequence
similarity (Morrison 2009). For but are separated by uncorrected genetic p-distances of 7.3 to 7.5 %. Maximum
Likelihood (ML) analysis, we used the RaxML plugin 1.0 in Geneious Pro with 1000 bootstrap replicates and
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the GTR model of sequence evolution with a Gamma model of rate heterogeneity. Uncorrected genetic pdistances were calculated in Geneious Pro using the ML tree. Geneious Pro and Inkscape 0.48 software
(www.inkscape.org) were used to prepare tree graphics.
Morphological description. This study applies the taxonomy proposed by Frost (2014). Standard codes for
herpetological collections are taken from Sabaj Pérez (2012). We use the terms following the recommendations for
tadpole descriptions set out in standard sources (e.g. McDiarmid & Altig 1999; Anstis 2002; Grosjean 2005; Altig
2007; Das & Haas 2011; Haas & Das 2011). Despite the known limitations of Gosner’s staging table (Gosner 1960;
Gosner & Rossman 1960) when applied to derived tadpole types (Nodzenski & Inger 1990), it is used here in the
absence of a generally accepted alternative. Labial Tooth Row Formulae (LTRF) were applied as set out in Altig
and McDiarmid (McDiarmid & Altig 1999). Colour images of living specimens were mildly retouched by
removing dirt and adjusting contrast and sharpness were adjusted using Gimp 2.8 software (www.gimp.org).
Descriptions of colouration were derived from digital photographs of living specimens taken in the field which
were processed using sRGB colour space and then matched against publically available colour lists (http://
en.wikipedia.org/wiki/List_of_colors).
Size measurements. Digital images of formalin-fixed larvae were taken with a calibrated Leica DFC420
camera on a Leica MZ16 with motorfocus using the software ImageAccess 10.4 (Imagic Bildverarbeitung AG,
Glattbrugg, Switzerland). A total of 15–25 shots were taken for every picture using the automatic multifocus option
in ImageAccess to obtain depth-of-field photos. Due to size constraints, every tadpole was photographed in three
sections. The harmonised pictures were stitched together using the software Adobe Photoshop CS4 (Adobe, San
Jose, California, USA).
The following standard tadpole body measurements (Grosjean 2005; Altig 2007) were taken using the
software ImageJ 1.45s (NIH, Bethesda-Maryland, USA): BL, body length from snout to the point where the axis of
the tail myotomes touches the body wall, BH, maximal body height at trunk, BS, body end to centre of spiracles,
BW, maximal body width, ED, eye diameter, ES, eye snout distance, IND, internarial distance (centre to centre),
IOD, interorbital distance (centre to centre), LFH, lower fin height at point of maximal tail height, MTH, maximal
tail height (fins included), NE, distance from centre of naris to centre of eye, ODW, oral disc width, SN, distance
from naris (centre) to snout, SS, distance from snout to centre of spiracle, TAL, tail length = TTL–BL, TTL, total
length, TMH, maximal tail muscle height at body–tail junction where the ventral line of the musculature meets the
contour of the trunk, TMW, maximal tail muscle width, UFH, upper fin height at point of maximal tail height
(Table 2).

Results
Genetic identification
The final alignment of the 16S mt rRNA sequences consisted of about 842 bp, 598 sites were variable. For the
calculation of uncorrected genetic p-distance values only 506 bp were used, due to sequencing problems and
resulting shorter sequences in some specimens. In line with the ML analysis, we regard the megophryid tadpoles
from Sungei Tapin to be conspecific with Leptobrachella brevicrus, Leptolalax dringi and Megophrys dringi,
respectively, on the basis of genetic distances of < 0.5 % and robust support for clusters consisting of conspecific
larval and adult sequences (Fig. 1). For the calculation of uncorrected genetic p-distance values only 506 bp were
used, due to sequencing problems and resulting shorter sequences in some specimens. The obtained phylogenetic
hypothesis indicates that Leptobrachella brevicrus is the sister taxon to L. parva, but are separated by uncorrected
genetic p-distances of 7.3 to 7.5 %. Leptolalax dringi is separated from congeneric species, which are also known
from Gunung Mulu by uncorrected genetic p-distances of 9.4 to 9.8 % in L. fritinniens Dehling & Matsui and 14.5
to 14.8 in L. gracilis. The sister taxon L. pictus Malkmus has p-distances of 7.7 to 8.0 %. Megophrys dringi has pdistances of 13.4 to 13.5 % to M. baluensis.
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L

Leptolalax dringi

NMBE1056364

NMBE1056367

UNIMAS 8887

NMBE1056267

ZMH A09372

NMBE1056372

Malaysia: Sarawak: Gunung Mulu National Park: Camp 1: Summit Trail

Malaysia: Sarawak: Gunung Mulu National Park: Camp 5: base of Gunung Api

Malaysia: Sarawak: Gunung Mulu National Park: near Camp 5, 4°08.208' N,
114°53.622' E, ca. 114 m a.s.l., holotype
Malaysia: Sarawak: Gunung Mulu National Park: Camp 1

Malaysia: Sarawak: Gunung Mulu National Park: Small stream of the Sungei Tapin
system below Camp 4 at 1700 m; N 04° 03.361', E 114 ° 51.484'
Malaysia: Sarawak: Gunung Mulu National Park: Small stream of the Sungei Tapin
system below Camp 4 at 1700 m; N 04° 03.361', E 114 ° 51.484'
Malaysia: Sarawak: Gunung Mulu National Park: Small stream of the Sungei Tapin
system below Camp 4 at 1700 m; N 04° 03.361', E 114 ° 51.484'

KJ831296

KJ831298

KJ831297

......continued on the next page

KJ831300

KJ831293

KJ831294

A

A

Leptolalax dringi

NMBE1056370

KJ831305

KJ831304

Leptolalax gracilis

A

Leptolalax dringi

UNIMAS 8623

Malaysia: Sarawak: Gunung Mulu National Park: Camp 1: River 30 min down
Summit Trail at river crossing
Malaysia: Sarawak: Gunung Mulu National Park: Camp 1: 200 m upstream

A

A

Leptobrachella parva

UNIMAS 8883

KJ831306

Leptolalax fritinniens

A

Leptobrachella parva

ZMH A13129

KJ831308

A

L

Leptobrachella mjobergi

NMBE1056347

KJ831307

Leptolalax fritinniens

A

Leptobrachella mjobergi

UNIMAS 8889

KJ831302

KJ831303

KJ831292

A

Leptobrachella mjobergi

ZMH A09365

Malaysia: Sarawak: Gunung Mulu National Park: Small stream of the Sungei Tapin
system below Camp 4 at 1700 m; N 04° 03.361', E 114 ° 51.484'
Malaysia: Sarawak: Gunung Mulu National Park: Small stream of the Sungei Tapin
system below Camp 4 at 1700 m; N 04° 03.361', E 114 ° 51.484'
Malaysia: Sarawak: Gunung Mulu National Park: Sarawak Chamber trail, second
crossing
Malaysia: Sarawak: Gunung Mulu National Park: Sarawak Chamber trail, second
crossing
Malaysia: Sarawak: Gunung Mulu National Park: Camp 2: stream just below Camp 2

A

L

Leptobrachella brevicrus

UNIMAS 8957

Malaysia: Sabah: Crocker Range National Park, Stream 2; 8th mile

GenBank
Accession No.
KJ831301

Leptolalax fritinniens

A

Leptobrachella brevicrus

ZMH A13128

Locality

AY523768

L

Leptobrachella baluensis

Collection No.

Leptolalax arayai

Stage

Species

Kuching, Malaysia; ZMH, Zoological Museum of Hamburg, Germany.

TABLE 1. Materials examined. A, adult; L, larva; NMBE, Naturhistorisches Museum der Burgergemeinde Bern, Switzerland; UNIMAS, Universiti Malaysia Sarawak,
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ZMH A13127

Malaysia: Sarawak: Gunung Mulu National Park

Malaysia: Sarawak: Gunung Mulu National Park

KJ831311

KJ831312

DQ283113

L

Megophrys nasuta

ZMH A13126

KJ831313

Pelobates fuscus

A

Megophrys nasuta

UNIMAS 8148

KJ831314

AB719253

A

Megophrys kobayashi

ZMH A09364

KJ831316

Leptobrachium nigrops

L

Megophrys dringi

UNIMAS 8948

KJ831315

KJ831317

AB646407

A

Megophrys dringi

UNIMAS 8942

Malaysia: Sarawak: Gunung Mulu National Park: Small stream of the Sungei Tapin
system below Camp 4 at 1700 m; N 04° 03.361', E 114 ° 51.484'
Malaysia: Sarawak: Gunung Mulu National Park: Small stream of the Sungei Tapin
system below Camp 4 at 1700 m; N 04° 03.361', E 114 ° 51.484'
Malaysia: Sarawak: Gunung Mulu National Park: Small stream of the Sungei Tapin
system below Camp 4 at 1700 m; N 04° 03.361', E 114 ° 51.484'
Malaysia: Sarawak: Gunung Mulu National Park: Small stream of the Sungei Tapin
system below Camp 4 at 1700 m; N 04° 03.361', E 114 ° 51.484'
Malaysia: Sabah: Gunung Kinabalu National Park

KJ831310

Leptobrachium montanum

A

Megophrys dringi

UNIMAS 8943

Malaysia: Sabah: Gunung Kinabalu National Park: Kogopan Trail; 1,950 asl

KJ831309

AB719247

A

Megophrys dringi

ZMH A13125

Malaysia: Sabah: Gunung Kinabalu National Park: Headquarters

KJ831295

Leptobrachium hendricksoni

L

Megophrys baluensis

ZMH A13124

Malaysia: Sabah: Gunung Kinabalu National Park: Poring: Sungei Kipungit

AB646405

L

Megophrys baluensis

UNIMAS 8705

Malaysia: Sarawak: Batang Ai National Park: stream crossing the Bebyong trail

GenBank
Accession No.
KJ831299

Leptobrachium gunungense

A

Leptolalax pictus

NMBE1056366

Locality

AB646402

A

Leptolalax hamidi

Collection No.

Leptobrachium abbotti

Stage

Species

TABLE 1. (Continued)

FIGURE 1. Maximum likelihood tree from the RaxML phylogenetic analysis used to genetically match syntopic tadpoles and
adults of Leptobrachella brevicrus, Leptolalax dringi and Megophrys dringi in comparison to related species of Bornean
megophryid frogs.
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Leptobrachella brevicrus
Colour in life and preservation (stage 25)
The following description is based on five specimens at Stage 25 whose total length ranged from 16.50 to
46.50 mm (Tables 2 and 3).
The skin of the head, body and tail is translucent brown. Dorsally (Fig. 2C), the head and body are
uniformly brown with small brown melanocytes. The colour of the snout is darker coffee brown, getting
slightly lighter behind the ocular region. During ontogenesis the brown pigmentation changes from a light
yellowish brown in smaller tadpoles to darker brown in larger specimens. In lateral view (Fig. 2A), the
brown pigmentation of the trunk changes from brown to an iridescent bluish-white colour. The spiracle is
translucent and therefore difficult to distinguish from the body wall in lateral view. The lateral line system is
clearly visible against the background colour. The nares have a beige interior surrounded by darker coffee
brown pigmentation. The oral funnel is translucent. The eyes are black, with dark grey pupils in larger
specimens. The pigmentation of the tail is light yellowish brown and the myotomes and myosepta are visible.
TABLE 2. Body measurements of Leptobrachella brevicrus, Leptolalax dringi and Megophrys drinig larvae in mm.
Stages according to Gosner (1960). For details and abbreviations see Material & Methods.
Stage

n

BL

BH

25

5

5.28–
14.88

mean
SD

Leptobrachella
brevicrus

BS

BW

ED

ES

IND

IOD

LFH

MTH

1.61– 2.32–
3.81 7.06

2.04–
5.14

0.16–
0.43

1.10–
2.91

0.85–
1.91

0.82–
2.10

0.58–
1.13

2.20–
5.44

9.16

2.60

4.86

3.17

0.29

1.77

1.22

1.26

0.79

3.40

3.93

0.80

2.02

1.18

0.13

0.72

0.42

0.51

0.21

1.23

na

39

1

11.6

3.6

4.39

0.83

2.11

2.01

2.82

1.76

4.53

25

2

3.78–
8.87

1.61– 1.95–
3.45 3.72

1.98–
3.95

0.19–
0.27

1.13–
2.16

0.56–
1.67

0.84–
1.56

0.47–
0.9

2.03–
4.03

mean

6.33

2.53

2.83

2.96

0.23

1.65

1.12

1.2

0.69

3.03

SD

3.60

1.31

1.26

1.39

0.05

0.73

0.79

0.51

0.3

1.42

9.68

7.24

0.52

4.18

3.07

2.78

na

na

Leptolalax
dringi

25

1

19.13

5.28

25

4

6.74–
11.35

2.80– 3.53–
4.54 5.75

3.26–
5.50

0.50–
1.01

2.00–
3.72

1.81–
3.18

2.25–
4.14

0.87–
1.2

3.44–
5.69

mean

9.11

3.86

4.30

4.85

0.80

3.18

2.71

3.48

1.09

4.99

SD

1.89

0.75

1.03

1.07

0.25

0.83

0.61

0.84

0.15

1.04

Megophrys
dringi

TABLE 2. (Continued)
Stage

n

NE

ODW

SN

SS

TAL

TMH

TMW

TTL

UFH

25

5

0.79–
1.96

0.94–
2.35

0.10–
0.67

2.96–
7.18

11.66–
31.25

1.19–
3.48

1.01–
5.12

16.94–
46.12

0.50–
1.09

mean

1.20

1.52

0.31

4.54

19.96

2.04

2.32

29.20

0.80

SD

0.47

0.54

0.23

1.71

7.56

0.88

1.63

11.42

0.21

Leptobrachella
brevicrus

Leptolalax
dringi

39

1

1.50

1.54

0.31

na

32.38

3.59

3.06

44.06

1.28

25

2

0.59–
1.56

0.93–
1.97

0.35–
0.52

1.82–
5.14

10.62–
22.42

1.11–
2.38

1.03–
2.52

14.40–
31.28

0.54–
0.92

1.08

1.3

0.63

3.48

16.52

1.74

1.77

22.84

0.73

mean
SD

0.69

0.53

0.35

2.35

8.35

0.9

1.06

11.94

0.27

25

1

2.79

3.55

1.03

9.44

na

na

na

na

na

25

4

0.71–
1.26

2.57–
4.21

1.28–
2.57

3.22–
5.80

16.49–
24.42

2.01–
3.72

2.12–
3.87

23.23–
37.63

0.9–
0.94

mean

1.09

3.71

2.15

4.81

22.17

3.13

3.25

31.28

0.91

SD

0.26

0.77

0.59

1.18

4.27

0.76

0.78

6.05

0.02

Megophrys
dringi
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TABLE 3. Characters of Leptobrachella brevicrus, Leptolalax dringi and Megophrys dringi at Stage 25.
Characters

Leptobrachella brevicrus (N=5)

Leptolalax dringi (N=2)

Megophrys dringi (N=4)

TTL (mm)

Range: 16.94–46.12
Mean: 29.16
SD: 11.42

Range: 14.40–31.28
Mean: 22.84
SD: 11.94

Range: 23.23–37.63
Mean: 31.28
SD: 6.05

TAL/TTL

Range: 0.66–0.71
Mean: 0.69
SD: 0.02

Range: 0.72–0.74
Mean: 0.73
SD: 0.01

Range: 0.69–0.73
Mean: 0.71
SD: 0.02

TMH/BH

Range: 0.68–0.79
Mean: 0.77
SD: 0.09

Range: 0.69
Mean: 0.69
SD: 0

Range: 0.72–0.86
Mean: 0.8
SD: 0.06

TMH/MTH

Range: 0.54–0.64
Mean: 0.59
SD: 0.04

Range: 0.55–0.59
Mean: 0.57
SD: 0.03

Range: 0.58–0.65
Mean: 0.62
SD: 0.03

IND/IOD

Range: 0.95–1.07
Mean: 0.99
SD: 0.06

Range: 0.66–1.07
Mean: 0.87
SD: 0.29

Range: 0.77–0.81
Mean: 0.78
SD: 0.02

SS/BL

Range: 0.42–0.60
Mean: 0.51
SD: 0.07

Range: 0.48–0.58
Mean: 0.53
SD: 0.07

Range: 0.48–0.62
Mean: 0.53
SD: 0.06

ODW/BW

Range: 0.45–2.19
Mean: 0.83
SD: 0.76

Range: 2.14–2.36
Mean: 2.25
SD: 0.15

Range: 0.75–0.79
Mean: 0.77
SD: 0.02

N/ES

Range: 0.09–0.23
Mean: 0.16
SD: 0.06

Range: 0.16–0.46
Mean: 0.31
SD: 0.21

Range: 0.65–0.70
Mean: 0.67
SD: 0.02

ES/BL

Range: 0.15–0.25
Mean: 0.20
SD: 0.04

Range: 0.24–0.30
Mean: 0.27
SD: 0.04

Range: 0.29–0.39
Mean: 0.35
SD: 0.05

UFH/MTH

Range: 0.20–0.30
Mean: 0.24
SD: 0.04

Range: 0.23–0.26
Mean: 0.25
SD: 0.03

Range: 0.16–0.26
Mean: 0.19
SD: 0.05

LFH/MTH

Range: 0.21–0.26
Mean: 0.24
SD: 0.02

Range: 0.22–0.23
Mean: 0.23
SD: 0.01

Range: 0.19–0.25
Mean: 0.22
SD: 0.03

Oral disc
orientation

Anteroventral

Ventral

Dorsal

Oral disc shape

Funnel-shaped with deep ventral disk
emarginations

Cup-like

Large umbelliform oral disc

Marginal papillae

Uniserial, small and numerous

Uniserial

Absent

Submarginal
papillae

Scattered anterior and posterior,
without labial teeth

Scattered below the mouth

Numerous and without labial
teeth

Labial tooth row
formula (LTRF)

Absent

4(2-4)/3(1-2)

Absent

Jaw sheaths

robust, sharp serrations

robust

Thin and small with small
serrations

Eye position

Dorsolateral

Dorsolateral

Lateral

Body shape

Vermiform body shape

Oblong body shap

Flattened, buccopharyngial
area noticeably elongated, fin
very straight

Integumentary
glands

Absent

Absent

Absent

Tail muscle

Massive

Massive

Massive
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FIGURE 2. Leptobrachella brevicrus. A) Tadpole at Stage 25 in lateral view showing the vermiform body shape and the
protruding funnel shaped oral disks. B) Same individual in ventral view, note the spiracular tube that protrudes from the body
wall and opens laterally, and the translucent venter. C) Same individual in dorsal view, note the slender trunk. D) Adult
individual. E) Ventral view of the mouthparts of Leptobrachella brevicrus in preservation at Stage 25. The marginal papillae are
arranged in a uniserial line on the margin of the oral disc and keratodonts are absent. F) Preserved tadpole at Stage 25 in lateral
view showing an faded pigmentation in contrast to living specimens. G) Drawing of tadpole at Stage 25 in lateral view.
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The dorsal and ventral fins are both unpigmented and opaque, pale yellowish brown. The tip of the tail is
translucent. In ventral view (Fig. 2B), the skin has a bluish–white sheen which is particularly intense between the
oral disk and the hyobranchial apparatus. The skin of the dorsum and tail is translucent. In lateral and ventral
views, the reddish gills, the pale yellowish liver and the gut coil are clearly visible through the skin.
In preserved specimens (Fig. 2F) the red colour of the gills and the brown pigmentation of head, body and tail
disappear. The skin is transparent with a slightly darker bluish sheen. Myotomes and myosepta become more
prominent. The oral funnel becomes translucent. The vena caudalis ventralis and vena caudalis lateralis are visible
in ventral and lateral views. The eyes are uniformly black.
External morphological features. The body shape is vermiform, the head and trunk are elongated and slender
(Fig. 2A). The trunk and head are subcylindrical. The head and belly are slightly depressed. The anterior tip of the
head is rounded in lateral and dorsal views. The nares are closer to the snout than to the eyes (Fig. 2C). The nares
are round and open antero–laterally with a short dorsal projection. The internarial distance is subequal to the
interorbital distance (Table 2). The eyes are positioned dorsolaterally. They are small and sunken and do not
protrude beyond the body wall, the iris is uniformly black. The spiracle is sinistral, long and conical in shape and
has a pointed end (Fig. 2C). The spiracular tube protrudes from the body wall and opens laterally. The opening of
the spiracle is positioned at 48–52% of the head–trunk length. The tail makes up 70% of the total body length. The
dorsal fin is low in the proximal half of the tail, only broadening slightly in the posterior half. The height of the
ventral fin is constant in the proximal half of the tail and only increases slightly in the posterior half. The upper and
lower fin each contributes 25% to the maximum tail height. The tip of the tail is rounded. The muscles are visible
through the transparent skin. The width of the base of the tail is 70–80% of the maximal trunk width. The anal
siphon is short and dextral.
The subterminal, antero-ventrally protruding oral disc can be seen from the both ventral and lateral aspects.
The width of the funnel-shaped oral disc makes up 80% of the maximal width of the trunk (Fig. 2A). The upper and
lower lips each have deep medial emarginations (Fig. 2E). The short and moderately pointed marginal papillae are
arranged in a single row. Submarginal papillae are present on both sides between the oral orifice and the
emarginations of the upper and lower lip and around the oral orifice. Below the submarginal papillae on the upper
lip, two parallel parasagittal ridges emerge, run towards the upper jaw sheath and diverge laterally. On the lower lip
a medial broad pad of thickened skin, parallel narrow ridges and isolated papillae are present. Keratodonts are
absent. The beak is black and well keratinized with sharp serrations. The upper beak is arched in ventral view
whereas the lower jaw is V-shaped.
At Stage 39 the eyes protrude beyond the contour of the body. The oral disk and spiracle are reduced. All five
toes are fully separated. Toe pads and subarticular tubercles are present. The tail is elongate and shows thick caudal
muscles, the dorsal and ventral fins are not yet reduced.

Leptolalax dringi
Colour in life and preservation (stage 25)
The following description is based on three specimens at Stage 25 with total lengths of 14.4 mm, 31.3 mm and
about 56.5 mm (Table 2 and 3). In the larger specimen the distal part of the tail was removed for tissue sampling
before preservation in formalin.
The skin is a milky translucent ash grey. The skin of the head and trunk has an intense bluish-white sheen.
Head and trunk are pigmented brown, the tail is darker coffee brown. On the dorsal face of the head and trunk, the
muscular part of the tail and the dorsal and ventral tail fins, scattered irregularly shaped azure blue iridophores are
present (Fig. 3C), with those on the tail significantly larger. In lateral view (Fig. 3A), the pigmentation of the trunk
decreases from dorsal to ventral so that the ventral third of the lateral faces is unpigmented. Around the nares and
orbits, unpigmented areas are present. Pigmentation in the smaller specimen is less developed, resulting in a lighter,
more transparent appearance. The melanocytes of the muscular part of the tail are assembled to form V-shaped
lines along the myosepta of the musculature. The dorsal and ventral fins (Fig. 3A) are semitransparent and
pigmented with melanocytes. Melanocytes are absent along the outer edges of the fins, with the unpigmented area
broader on the ventral fin. In the smaller specimen the caudal fins are unpigmented. In ventral view (Fig. 3B), the
skin of the head, trunk and tail is unpigmented and translucent with a bluish-white sheen. The red gill tufts, heart,
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FIGURE 3. Leptolalax dringi. A) Tadpole at Stage 25 in lateral view showing the oblong body shape and protruding oral disks.
B) Same individual in dorsal view, note the cylindrical spiracular tube that protrudes from the abdominal wall and opens
posterolaterally. C) Same individual in ventral view, note the slender trunk and the sunken eyes. D) Mouth part in ventral view
of the bigger specimen (LTRF 5(2–5)/3(1–3)). E) Mouthparts in ventral view of the smaller specimen (LTRF 4(2–4)/3(1–2)). F)
Adult individual. G) Preserved tadpole at Stage 25 in lateral view showing typically faded pigmentation in contrast to living
specimens. H) Drawing of tadpole at Stage 25 in lateral view.
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liver, and gut are visible through the skin. Forelimbs are not visible. The gut coil is visible in lateral and ventral
views.
After preservation the original brown pigmentation fades (Fig. 3G), resulting in pale yellow colouration, the
intense bluish-white sheen of the ventral face of the head and trunk disappears. The skin becomes more transparent.
Most of the iridophores of the head, trunk, fins and tail are no longer visible.
External morphological features. The body shape is oblong and depressed dorsoventrally (Fig. 3A). The
dorsal face of the head and body exhibits a longitudinal medial groove where left and right muscle blocks meet.
The anterior tip of the head and the snout profile are rounded. The subterminal oral disc protrudes antero-ventrally
and is only visible in lateral or ventral view. The nares are round and open anterolaterally. The rim of the nares
bears a distinct mid–dorsal projection. The spiracle is sinistral. The cylindrical spiracular tube protrudes from the
abdominal wall in its distal part only. The orifice of the spiracle opens postero–laterally and is positioned at
46–47% of the head–trunk length. The tail makes up 73% of the total body length. The eyes are sunken and do not
project beyond the body wall, the iris is uniformly black. They are positioned dorsolaterally (Fig. 3C) and are not
visible in ventral view. The eyes are situated at 20–26% of the distance between the anterior tip of the snout and the
trunk–tail junction. The nares are oriented anterolaterally and are closer to the snout than to the eyes. The
internarial distance is 66–107% of the interorbital distance (Table 2 and 3).
The dorsal and ventral fins rise slightly at the trunk–tail transition. The dorsal fin is flat/narrow in the proximal
third of the tail. The edge of the dorsal fin is straight, while the ventral edge of the ventral fin is slightly convex.
The muscular part of the tail makes up 46–54% of the maximum tail height. The upper and lower fins both
contribute around 25% of the maximum tail height. The tip of the tail is rounded. The muscles are visible through
the transparent skin of the tail. The width of the tail base is 69% of the maximal trunk width. The anal siphon is
dextral.
The width of the cup-like oral disc makes up 44–50% of the maximal width of the trunk. The oral disk is
anteriorly and posteriorly emarginated along the medial plane. Marginal papillation (Fig. 3D and E) is uniserial
with a narrow anterior gap. Scattered submargical papillae are present posterior to the mouth. Papillae are short and
rounded. The labial ridges bear uniserial rows of narrow, pointed and slightly curved keratodonts. In lateral view,
there is a distinct hump on the distal third of the inner side of the keratodonts which separates the curved tip from
the wider corpus. The size of the keratodonts decreases in the upper lip from anterior to posterior rows. In the lower
lip their size decreases from posterior to anterior. The Labial Tooth Row Formula (LTRF) of the bigger specimen
(Fig. 3D) is 5(2–5)/3(1–2). In the upper lip keratodont row A-1 is continuous and relatively narrow, four
discontinuous rows follow caudally. Rows A-2 and A-3 have a medial divide, resulting in two lateral sections.
Rows A-4 and A-5 are divided medially and again laterally, resulting in interrupted rows on both sides of the
mouth. In the lower lip, rows P–1 and P–2 are divided medially, P–3 is undivided. The Labial Tooth Row Formula
of the smaller specimen (Fig. 3E) is 4(2–4)/3(1–2). Rows A-2 to A-4 are only interrupted medially. The dark brown
jaw sheaths are well–keratinized and robust. The upper beak lacks a medial notch and has small but sharp
serrations. The serration of the lower beak is blunt. The upper jaw sheath is wide and arched. The lower jaw sheath
is wide and V-shaped.

Megophrys dringi
Colour in life and preservation (stage 25)
The following description is based on four specimens at Stage 25 with maximum total lengths ranging from
23.3 to 37.6 mm (Table 2 and 3).
The background colour of the body and tail of living specimens is semi-transparent grey (slightly lighter at the
snout). The dorsal and lateral faces of the body and tail show a conspicuous pattern of intense dark brown and gold
pigmentation (Fig. 4A and B). The dorsal face of the head and trunk are covered by a shiny golden pigmentation
that reaches laterally to below the eye. Two diffuse bands of dark brown melanocytes are present dorsolaterally
(Fig. 4C). Between the anterior edges of the eyes and the medial point of the upper lip a distinct, broadly V-shaped
pattern consisting of small dark brown melanocytes is visible. The lateral tips of the lips show tiny golden
irdiophores. The lips are light beige. The submarginal papillation of the oral disc is dark brown. The sclera of the
eye is black with a light green line postero-dorsal to the pupil. The iris is dark golden yellow to orange sprinkled
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FIGURE 4. Megophrys dringi. A) Tadpole at stage 25 in lateral view, golden pigment on the head, brown pigment on fin and
in front of the eyes. B) Same individual in ventral view, only a small amount of pigmentation remains. C) Same individual in
dorsal view, the tail is patterned golden/ brown. D) Adult individual. E) Overview of the oral disc of Megophrys dringi in
preservation at Stage 25. Numerous submarginal papillae are found directly below the lips. F) Preserved tadpole at Stage 25
in lateral view showing typically faded pigmentation in contrast to living specimens. G) Drawing of tadpole at Stage 25 in
lateral view.

72 · Zootaxa 3835 (1) © 2014 Magnolia Press

OBERHUMMER ET AL.

with black dots, comparable to the iris colouration in adults. The pupil is homogenously black and rounded. The
spiraculum is translucent and unpigmented.
The dorsal face of the anterior part of the tail is covered by a marbled pattern of gold and brown pigmentation
(Fig. 4C). On the posterior part of the tail, isolated, irregularly shaped spots formed by pale golden iridophores on
the rich dark brown pigmentation are present. Laterally (Fig. 4A), the tail is pigmented dark brown, interspersed
with pale golden iridophores which form short stripes on the anterior half of the tail and irregularly shaped spots on
the posterior half. The fins are milky translucent. The anterior third of the dorsal fin exhibits golden pigmentation
marbled with a pattern of dark brown melanocytes. The proximal half of the ventral fin is unpigmented, the rest of
the fins exhibit diffuse brown pigmentation interspersed either with irregularly shaped spots formed by pale golden
iridophores or with isolated iridophores of the same colour. In ventral view (Fig. 4B), the head, trunk and tail are
milky translucent with a few irregularly shaped spots made up of pale golden iridophores. The gills and gut coils
are visible in lateral and ventral view through the transparent skin.
In preserved specimens (Fig. 4F), the dark patterns fade and the skin turns transparent. The golden
pigmentation of the dorsal face of the head and trunk becomes pale whitish, and the brown V-shaped pattern
disappears. The tail muscles appear light cyan. The gut is visible. The iris is black, and the pupil dark grey (Fig.
4E).
External morphological features. The head and trunk are elongate ovoid (Fig. 4C). The head is only slightly
broader than the trunk. The terminal oral disk is large and points upwards. The eyes are situated dorsolaterally,
29–37% of the distance between the anterior tip of the snout and the trunk-tail junction (Table 2 and 3). The pupils
are round. The dorsolateral nares are closer to the eyes than to the snout and situated 67% of the distance between
the anterior tip of the snout and the eyes. The internarial distance (IND) is 78% of the interorbital distance (IOD).
The oval nares open laterally. The rims of the nares are slightly raised from the body wall and exhibit a short middorsal projection. The spiracle is sinistral and extends to a short siphon with a free round spiracular orifice. The
opening of the spiracle is situated at 47–61% of the head trunk length and below the horizontal mid trunk line. The
spiracular siphon is directed postero-dorsally at an angle of 45 relative to the horizontal line of the body (Fig. 4A).
The tail accounts for 70% of overall body length (Fig. 4A). The dorsal fin inserts a short distance behind the trunktail junction. The ventral fin is connected to the trunk. The anal siphon opens medially. The dorsal edge of the fin is
straight and the muscular tail makes up 71–85% of body depth. The width of the base of the tail is 58–63% of the
maximal trunk width.
The mouth labia of the dorso-terminal, umbelliform oral disc form a surface-oriented funnel whose lateral
corners point upwards when not fully extended (Fig. 4E). In preserved specimens, the width of the oral disc is
75–78% of the maximal width of the trunk. Marginal papillae are absent and the edges of the lips are smooth. The
upper and lower lips bear numerous low, rounded or slightly elongated submarginal papillae. The lower lip is
deeper than the upper lip and bears about four irregular rows of submarginal papillae formed by irregularly
positioned tubercles. The first row is situated directly centripedal to the margin of the oral disc. A few finger-like
papillae are present on both sides of the mouth-orifice. The submarginal papillae on the upper lip are smaller than
those on the lower lip, and round. Submarginal papillae are pigmented brown contrast starkly with the light
background colour of the lips, particularly in larger specimens (Fig. 4E). Keratodonts are absent. The jaw sheaths
are thin, weakly keratinised and finely serrated. Both jaw sheaths are unpigmented except for a band of brown. The
upper jaw sheath displays a median notch. The lower jaw sheath is thin and sickle-shaped.

Ecological notes
The type locality of Leptobrachella brevicrus, Leptolalax dringi and Megophrys dringi is a small, steep, permanent
stream in the headwaters of Sungei Tapin on a steep hillside on the southern flank of Gunung Mulu at an altitude of
ca. 1,700 m a.s.l. This site is situated within pristine lower montane oak-laurel forest ca. 200 m below a basic
shelter on the ridge-top, referred to as Camp 4, which lies next to the Summit Trail to Gunung Mulu (Dring 1983a,
1983b, Dehling 2008). We found the habitat unchanged since Dring’s visit during the Royal Geographic Society's
Gunung Mulu Expedition in 1978.
The stream-bed of Sungei Tapin consists of alternating bedrock in steep, fast-flowing sections, unconsolidated
gravel banks and small, shallow (20 to 50 cm depth), stony pools with moderate current and dense accumulations
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of leaf litter. The tadpoles of Leptobrachella brevicrus and Leptolalax dringi were collected together from deep
gravel beds at the bottom of shallow (5 to 10 cm depth) sections of the stream with gravel banks and dug out using
strong reinforced nets. The gravel beds contained decomposed leaf litter and were penetrated by the roots of the
vegetation growing along the banks of the stream. Leptobrachella brevicrus and Leptolalax dringi tadpoles were
never collected from other microhabitats in the same stream since both appear to be specialised for using the
interstitial spaces within gravel. The behaviour of the tadpoles after capture resembled that described by Haas et al.
(2006) for Leptobrachella mjobergi. Their locomotion is eel-like and characterized by the unusual mobility of the
head and trunk in both species. They are able to burrow actively in fine gravel and try to escape into any available
gravel when disturbed. The larger tadpoles of L. dringi probably use the interstices in coarser sections of the gravel
bed.
In contrast, the tadpoles of Megophrys dringi prefer small, shallow pools at the edges of the stream where the
current is moderate and the bottom consists of rocks or coarse gravel. The pools in question are connected by steep,
narrow (50 to 150 cm width), fast–flowing cascades over bedrock. The tadpoles were collected near the banks of
the stream among accumulations of leaf litter and among coarse gravel mixed with leaves and other organic debris.
Within the pools, the tadpoles of Megophrys dringi were associated with tadpoles of Leptobrachium montanum
Fischer, Limnonectes kuhlii Tschudi, and Rhacophorus penanorum Dehling. The tadpole community in this stream
includes the larvae of Ansonia hanitschi Inger, which are found in sections with a faster current—e.g. in the
connecting channels or below water chutes.
Conspecific adult specimens of Leptobrachella brevicrus, Leptolalax dringi and Megophrys dringi were
collected at night along the stream described (Fig. 2D, Fig. 3F, Fig. 4D respectively). Males of Leptobrachella
brevicrus call from hiding places between stones, from amid dense low vegetation and on low plants at the edges of
the stream (Dring 1983a). Males of Leptolalax dringi call at night on the forest floor or from low-growing
vegetation near the stream. Males of Megophrys dringi were found calling from low-growing vegetation at the
edge of the stream, but only after rainfall. Adult frogs of the following species were detected in the immediate
vicinity of the stream: Ansonia hanitschi Inger, A. torrentis Dring, Leptobrachella brevicrus, Leptobrachium
montanum, Leptolalax dringi, Limnonectes kuhlii, Megophrys dringi, Meristogenys amoropalamus Matsui, M.
kinabaluensis (Inger), Philautus mjobergi Smith, Philautus macroscelis (Boulenger), Rhacophorus penanorum
Dehling, Staurois tuberilinguis Boulenger and S. guttatus (Günther) .

Discussion
Genetic identification. Identifying diagnostic characters at the species level for larval stages in anurans requires a
thorough knowledge of the external morphology of unequivocally determined specimens. In contrast to the often
tentative or even ambiguous species assignments obtained using external morphology, the genetic barcoding
approach is a simple and reliable way to match syntopic and conspecific semaphoronts of amphibians. For this
purpose the 16S rRNA is an established and easy-to-use standard marker, with sequence data available for many
species (Haas et al. 2009, 2012; Hertwig et al. 2011, 2012; Vences et al. 2005). In this study, uncorrected genetic
distances of < 0.5% were observed between conspecific tadpoles and adults. These observed values correspond
well with intraspecific distances previously published in a variety of anuran taxa, which ranged from 0 to 5.1%
(Haas & Das 2008; Haas et al. 2009, 2012; Hertwig et al. 2011, 2012; Vences et al. 2005). In contrast, the genetic
distances to the closest relatives of Leptorachella brevicrus, Leptolalax dringi and Megophrys dringi, following the
phylogenetic hypothesis (Fig. 1), are significantly higher (see above). The difference between intra- and
interspecific distance can be interpreted in the sense of a barcoding gap and as support of the status of these taxa as
valid species.
Morphological identification. Seven species are presently recognized in the genus Leptobrachella (Frost
2014), but only the tadpoles of L. mjobergi have been assigned with confidence and described in detail (Inger 1983,
1985; Haas et al. 2006). L. mjobergi is widespread in riffle sections of small lowland streams with gravel beds on
Borneo (Dring 1983; Inger & Stuebing 1997, 2005; Haas et al. 2006). The external features of the larvae of L.
brevicrus and L. mjobergi do not differ in terms of body shape and colouration or the structure of their funnelshaped oral disks (Fig. 2A, B, E, F). The pigmentation of the fossorial Leptobrachella tadpoles is subject to
ontogenetic changes: larger specimens exhibit darker, uniform brown colouration, while smaller specimens are
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only faintly brown with an overall pinkish or whitish appearance (whitish in preservation) (Haas et al. 2006).
Moreover, the intensity of pigmentation probably depends on exposure to light (Haas et al. 2006). Although we did
not observe larval specimens of L. brevicrus with the dark brown colouration described for fully grown L. mjobergi
specimens (Haas et al. 2006), we interpret the differences in pigmentation as variations affected by environmental
factors, locality, and age. The absence of keratodonts and the similar pattern of papillation on the upper and lower
lips make it difficult to distinguish the larvae of the two species easily in the field on the basis of morphology alone.
Identifying Leptobrachella tadpoles at species level, then, depends for the time being on locality information and
analyses of genetic data.
The second genus of megophryid frog of Borneo with larva adapted to dwelling in the interstices of gravel
beds in streams with moderate to swift currents is Leptolalax (Malkmus et al. 2002). Though the tadpoles of
Leptobrachella and Leptolalax share derived, expanded, cup-shaped lips (Inger 1983), the larval stages described
for these genera can be distinguished easily by the presence of keratodonts in Leptolalax and their absence in
Leptobrachella (Inger 1985). Of the Bornean Leptolalax, only the larval stages of L. arayai and L. gracilis have
been described (Inger 1966, 1983; Malkmus et al. 2002). However, the descriptions of tadpoles assigned to L.
gracilis by Inger (1966, 1983) were based on material from several different collection sites in Sabah and Sarawak,
making it doubtful that all of the specimens in his samples were conspecifics. Inger (1966) mentioned significant
differences in the morphology of the oral disks of tadpoles from different localities: while rows of labial teeth were
present in most, keratodonts were completely absent in others. The identification of Bornean Leptolalax tadpoles is
complicated further by the fact that several species of this genus have been described in recent years without their
larval stages. These recent descriptions make it clear that effective diversity within Leptolalax has not yet been
fully recognised (Matsui & Dehling 2012; authors’ unpublished data).
The taxonomy of Leptolalax dringi has been matter of a controversy ever since its initial description, which
was based on material collected by Dring at Sungei Tapin (Dring 1983a; Dubois 1987). When Inger et al. (1995)
described this species in detail some years later, they assigned to it material from several localities in Sabah and
from adjacent parts of Sarawak and Kalimantan (Inger et al. 1995; Stuart et al. 2008). Matsui and Dehling (2012)
put forward a redescription of L. dringi and restricted its distribution to the type locality again. Although they did
not examine the material used by Inger et al. (1995), they expressed serious doubts about the conspecificity with L.
dringi of the populations from Sabah. Recently, Dehling and Matsui described the lowland population from
Gunung Mulu as L. fritinniens (Dehling & Matsui 2013). As a result, three nominal species of Leptolalax are
currently known from this area: L. fritinniens and L. gracilis from the lower elavations of the Gunung Mulu massif
and the adjacent Melinau limestone formation, and L. dringi from its type locality at higher elevations. It must be
stressed, then, that the status, identification and distribution of the Bornean species of Leptolalax remain unclear
due to a lack of a comprehensive studies into their phylogeny and systematics.
The tadpoles of L. dringi can be distinguished from the tadpoles of L. arayai (Malkmus et al. 2002) by a
combination of external morphological characters. The larvae of L. arayai only have two short rows of keratodonts
in the centre of the upper lip, while in L. dringi keratodonts are present on the lower lip and the upper lip bears at
least three rows of them. In L. arayai the iridophores are restricted to the muscular part of the tail, while in L. dringi
they are found on the tail, fins, head and body. A higher number of submarginal papillae are found on the upper lip
of L. arayai (only a few are present in L. dringi), and the marginal papillae in L. arayai are smaller than those in L.
dringi. However, it is impossible to differentiate L. dringi from the tadpoles described by Inger (1966, 1985) as L.
gracilis, partly because of the taxonomic uncertainties mentioned above and partly because of the lack of
availability of a description of the colouration of L. gracilis tadpoles in life.
In contrast to the tadpoles of Leptolalax dringi and Leptobrachella brevicrus, the larvae of Megophrys dringi
correspond to the Megophryini type (Li et al. 2011). These tadpoles are characterised by an enlarged and
umbelliform oral disc with the dorsal orientation typical of lotic-neustonic surface feeders. This highly derived oral
disc is an adaptation to feeding on particles floating on the surface of the water, thus likely avoiding competition
for food resources with syntopic tadpoles (Altig & Johnston 1989; Li et al. 2011). Marginal papillae and
keratodonts are lacking, the jaw sheaths are weakly keratinised, thin and finely serrated (Inger 1985; Li et al. 2011).
Further characters shared by the larvae of Megophryini are the elongated buccopharyngeal area and the long and
slender tail with a narrow fin as an adaptation to moderate to strong currents (Inger 1966, 1983; Malkmus et al.
2002; Li et al. 2011).
Descriptions of tadpoles of related species belonging to the taxon Megophryini have been published from
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Borneo for Megophrys kobayashii (Malkmus et al. 2002), M. nasuta (Inger 1966, 1985; Schmidt 1976; Nodzenski
et al. 1989; Manthey & Grossmann 1997; Leong & Chou 1999; Malkmus et al. 2002; Wildenhues et al. 2012) and
Megophrys baluensis (Malkmus et al. 2002). The tadpoles of M. nasuta can be distinguished from those of M.
dringi by the following combination of diagnostic characters: dark brown pigmentation of the ventral face of the
head, trunk, and tail (unpigmented in M. dringi), brown colouration of the dorsal face of the head and body (shiny
golden in M. dringi), head without dark V-shaped pattern between the eyes and upper lip (V-shaped pattern present
in M. dringi), dorsal fin slightly broader in the posterior half (dorsal fin narrow in M. dringi), and dark radial
pigmentation of iris (absent in M. dringi). The tadpoles of M. kobayashi exhibit dark colouration on their body and
tail (lighter colouration with golden pigmentation on head and body in M. dringi), a smaller number of lighter spots
(numerous golden spots in M. dringi), have the centre of the upper lip, margin of the oral disk and lateral tips of the
funnel black (beige in M. dringi), a light vertical bar on the lower half of the tail muscle near its root (lacking in M.
dringi), and a dorsal fin broader in the posterior half (dorsal fin narrow in M. dringi). The tadpoles of Megophrys
baluensis can be distinguished using the following characters: golden pigmentation on head and body lacking
(shiny golden pigmentation in M. dringi), fins with isolated dark flecks (fins with numerous golden spots in M.
dringi), tail with irregular large dark spots (absent in M. dringi), and dorsal fin broader in the posterior half (dorsal
fin narrow in M. dringi).
Ecology. The natural history of Leptobrachella brevicrus, Leptolalax dringi and Megophrys dringi and the
larval stages of these species are mostly unknown, apart from anecdotal reports of the habitat at the type locality in
the original descriptions (Dring 1983a, 1983b; Dubois 1987; Inger et al. 1995). Even general data pertaining to the
distribution of these three species along the river systems of the Gunung Mulu massif are nonexistent due to the
remoteness of the area. L. brevicrus is known only from its type locality, although two congeneric species are
present at lower elevations. Leptobrachella mjobergi has been found at several sites along smaller streams with a
moderate current on the lower elevations of Gunung Mulu (Dring 1983a; Haas et al. 2006; author's personal
observations). Leptobrachella parva Dring 1983 is known from a few sites along larger streams between 150 and
ca. 300 m a.s.l. on Gunung Mulu and prefers wider, more torrential waters and river beds with coarser gravel
(Dring 1983a). It is not known, however, whether L. brevicrus, L. mjobergi and L. parva occur parapatrically or
syntopically at intermediate elevations along the drainage systems of this mountain range. Interpretation of the
sparse ecological data available is hampered by the fact that taxonomy and species delimitation remain unresolved,
leading to difficulties in the identification of adults and tadpoles at the species level. The same is true for the three
species of Leptolalax currently known from Gunung Mulu (see above). As a result, niche differentiation in
semaphoronts within the genera of megophryid frogs is not fully understood.
The syntopic occurrence of the tadpoles of four megophryid frogs (Leptobrachella brevicrus, Leptobrachium
montanum, Leptolalax dringi and Megophrys dringi) in a small stream is a compelling argument for the presence of
clear niche differentiation within this community (Altig & Johnston 1989; Li et al. 2011). The tadpoles of
Megophrys dringi are specialised lotic-neustonic surface feeders, as demonstrated by their dorsally orientated oral
discs. Leptobrachium montanum tadpoles, with their antero-ventrally orientated oral disc and large bodies, are
lotic-suctorial benthic feeders (corresponding to type A in Li et al. 2011). The larvae of Leptobrachella and
Leptolalax, however, both show the typical morphological features of lotic-fossorial tadpoles adapted to inhabiting
the interstices of gravel in small streams, including a vermiform body shape and small, sunken eyes. However, the
two genera/species differ in size and oral structures. The presence of keratodonts in the larger Leptolalax tadpoles
indicates to some extent a substrate-scraping mode of food intake, while keratodonts are lacking completely in
Leptobrachella. In their morphological description of L. mjobergi, Haas et al. (2006) discussed the unique features
of the feeding apparatus of this species and speculated that the cup–like oral disc without keratodonts is
inconsistent with a substrate–scraping mode of feeding.
Leptobrachella brevicrus, Leptolalax dringi and Megophrys dringi are to be regarded as currently considered
rare species so far known only from their type localities in the borders of the Gunung Mulu National Park or from a
few other sites of northern Borneo (Stuart et al. 2008). Leptobrachella brevicrus and Leptolalax dringi probably
even represent examples of micro–endemism of an isolated mountain range on the island of Borneo (Nicholas et
al. 2012). The long-term survival of these micro–endemics depends on the vigorous protection of their relatively
small ranges by the Gunung Mulu National Park. Although descriptions of four species of the Sungei Tapin tadpole
community are currently available (Haas et al. 2012; this study), additional field work on the ecology and
distribution of the uniquely diverse amphibian community of the Gunung Mulu National Park is needed. Reliable
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diagnostic characters for identification of the tadpoles within this community as a prerequiste for subsequent
ecological and evolutionary research are now available (Table 3).
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