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Molecular identification and description of the tadpole of the
Annam Flying Frog, Rhacophorus annamensis SMITH, 1924
(Anura: Rhacophoridae)

RALF HENDRIX, STEPHANE GROSJEAN, LE KHAC QUYET, MIGUEL VENCES,
Vu NGcoc THANH & THOMAS ZIEGLER

Abstract. Based on identification through DNA barcoding we describe the tadpole morphology of the
Annam Flying Frog, Rhacophorus annamensis. The description is based on four exotrophic larvae of
OrTON’s type IV, lentic: benthic in developmental stage 41 that were collected in a karst forest stream at
Phong Nha - Ke Bang National Park, Quang Binh Province, in central Vietnam. DNA sequences of the
mitochondrial 16S rRNA gene obtained from the tadpoles had less than 0.6% sequence divergence to
those of sympatric adult male frogs, making the identification unambiguous. The tadpoles, collected in a
rock pool of the slowly moving stream, are of rather generalized morphology with a keratodont formula

of 2:5+5/3.

Keywords. Rhacophoridae: Rhacophorus annamensis; DNA barcoding; tadpole description; morpholo-
gy; Vietnam: Quang Binh Province, Phong Nha - Ke Bang National Park.

Introduction

Until recently, the Annam flying frog,
Rhacophorus annamensis SMITH, 1924, was
known only from the unique male holo-
type from “Daban, Phan Rang, S. Annam”
in southern Vietnam (SMITH 1924, BOURRET
1942, INGER et al. 1999). The species mean-
while has been reported to occur in the
southern and central provinces of Dak Lak,
Gia Lai, Kon Tum, Lam Dong, Ninh Thuan,
Thua Thien-Hue, and Quang Nam (INGER
et al. 1999, ORLOV et al. 2002, NGUYEN et al.
2005, ORLOV 2005). The geographic range of
the species is still inadequately known (see
below), and likewise reports on its natural
history (see ORLOV & HoO 2000) are rare. Ry-
BOLTOVSKY (19992, b) pointed to the repro-
duction of the species in captivity, and these
are to our knowledge the only papers refer-
ring to the tadpole of this species. However,
the only information given by RYBoLTOVSKY
(19994, b) beside a single tadpole photograph
is that the larvae are light grey in colour, have
muscular tails and are about 1.5 cm long after

having left their foam nests, and that the hind
legs already were visible after three months,
with a total length of about 6 cm at this stage;
the development in the terrarium lasted up to
four months (RYBOLTOVSKY 1999b).

During recent field work in central Viet-
nam, Rhacophorus annamensis was recorded
for the first time for Phong Nha - Ke Bang Na-
tional Park (PNKB) in Quang Binh Province
(Z1EGLER et al. 2005), representing the north-
ernmost record known for the species (Figs.
1-2). DNA sequences of some of these adult
specimens of R. annamensis closely matched
those of a tadpole that had also been collect-
ed from PNKB nine years ago (see ZIEGLER &
HERRMANN 2000: 50) which led to the classi-
fication of this larva as R. annamensis. Based
on this material, we here provide a detailed
description of the larval morphology of this
tree frog species.

Material and methods

Tadpoles were fixed in 3% formalin and later
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preserved in 70% ethanol (Figs. 3-5), and de-
posited in the herpetological collection of the
Zoologisches Forschungsmuseum Alexander
Koenig (ZFMK), Bonn, Germany under the
collection number ZFMK 71342.

For a specific assignment of the four tad-
poles of Rhacophorus annamensis, molecular
data were obtained for one specimen (ZFMK
71342d, with partly removed tail muscle tis-
sue) and compared with homologous DNA
fragments of four syntopic adult males of R.
annamensis.

The adult frogs from PNKB and its north-
western border area in Quang Binh Province,
Vietnam, were recently collected by LE KHAC
QuyeT and Vu NGoc THANH and deposited
in the scientific collections of Phong Nha -
Ke Bang National Park, Quang Binh Prov-
ince, Vietnam (PNKB LV1, specimen from
PNKB), of the Vietnam National University
Hanoi (VNUH LV2, specimen from north-
west to PNKB), and of the Zoologisches For-
schungsmuseum Alexander Koenig (ZFMK
82900, specimen from PNKB, and ZFMK
82918, specimen from north-west to PNKB).
Adult frogs were compared with the holotype
of R. annamensis from the Natural History
Museum, London, and determination fol-
lowed INGER et al. (1999); for measurements
see Tab. 1 and for the listing of further char-
acteristic features we refer to ZIEGLER et al.
(2006).

Genomic DNA was extracted from the liv-
er of the adult Rhacophorus annamensis us-
ing Chelex-extraction. A fragment of the mi-
tochondrial 16S rRNA gene as recommended
for amphibian DNA barcoding by VENCES et
al. (20053, b) of each specimen was amplified
by 35 cycles of PCR: initial denaturation, 120
sec. at 95 °C, 34 cycles of 30 sec. at 95 °C, 60
sec. at 55 °C and 60 sec. at 72 °C, annealing
temperature 55 °C. Double-stranded DNA
was sequenced on an ABI 3770 capillary se-
quencer. We obtained sequences of speci-
mens ZFMK 82900, ZFMK 82918, VNUH
LV2, and PNKB LV1, which have been depos-
ited in Genbank under the accession num-
bers DQ665265 - DQ665268. These sequenc-

es were compared with the DNA voucher se-
quence of the single tadpole (ZFMK 71342d)
which had been obtained previously (Gen-
bank accession number AF285229; for fur-
ther information and methods of DNA-ex-
traction see ZIEGLER 2002: chapter 3.2.6, and
ZIEGLER & VENCES 2002).

Terminology of the morphological tad-
pole description follows ALTIG & McDIAR-
MID (1999a), the keratodont row formula
is determined according to DuBoIs (1995).
Terminology of the oral disk follows ArTiG
(1970) and determination of the larval stages
is set out according to GOSNER (1960). Mor-
phometric data and abbreviations follow to
a large extent those of GROSJEAN (2001), ex-
cept the additional values of TMH (height
of tail muscle at base), TMW (width of tail
muscle at base), BL (body length), and TAL
(tail length) which follow ALTIG & McDIAR-
MID (1999a); for details we refer to Tab. 2. Be-
cause the tadpole ZFMK 71342a has a some-
what dented snout on the right side, respec-
tive measurements are approximate values.
All measurements were taken in millimetres
(mm) with a digital calliper gauge.

Results and discussion

Four tadpoles of Rhacophorus annamensis
in the developmental stage 41 according to
GOSNER (1960) were collected in Phong Nha
- Ke Bang National Park, Quang Binh Prov-
ince, Vietnam by T. ZIEGLER during field-
work in early September 1998 (field number
TZ’ 98/30). Tadpoles were collected at night
(09:30) in a slowly flowing karst forest stream
near a small path (surroundings of N 17°28,
E 106°13’) at an altitude of about 350-500
m above sea level (Fig. 6). The rock pool in
which the larvae were found was partly shad-
ed by vegetation; it had a maximum width
of about 1 m and the maximum water depth
measured ca. 15 cm. The shallow water was
clear and the loamy to stony ground was cov-
ered with leaves. It did not rain and thus was
relatively dry for the beginning rainy season;
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ambient air temperature was 24.6 °C at the
collecting site and relative air humidity was
78 %.

The tadpole DNA sequence showed less
than 0.6 % sequence divergence compared
to the adult sequences of ZFMK 82900 and
VNUH LV2 (identities: 513/516 bp) and less
than 0.4 % divergence compared to the adult
sequences of ZFMK 82918 and PNKB LV1
(identities: 513/515 bp). A comparison with a
further sequence of R. annamensis, obtained
by WILKINSON et al. (2002) and available
from Genbank (accession number AF458143)
yielded similar results (identities: 492/495 bp
of the sequence of ZFMK 82900 and VNUH
LV2, respectively 492/494 bp of ZFMK 82918
and PNKB LV1). Considering that species of
amphibians are often characterized by rath-
er strong intraspecific genetic differentia-
tion (up to 4 % in the 16S gene; VENCES et al.
2005a, b), the small differences observed be-
tween R. annamensis haplotypes are not sur-
prising and the molecular tadpole identifica-
tion is to be seen as very reliable.

General appearance of the tadpoles in pre-
servative: The tadpoles are medium-sized (TL
=39.37- 41.69 mm). They are generalized ex-
otrophic tadpoles of ORTON’s (1953) type IV,
lentic: benthic (ALTIG & MCDIARMID, 1999b)
without obvious specializations.

They are consistently dark pigmented
from the snout to the tip of the tail includ-
ing fins. Dorsal and dorsolateral pigmenta-
tion of the body is more dense than tail pig-
mentation. The body coloration varies from
greyish brown to brown and the tail muscu-
lature coloration from light brown to red-
dish brown (see Fig. 3). The ventral and ven-
trolateral body sides are white to yellow and
more or less pigmented. The intestine is vis-
ible through the body. For measurements see
Tab. 2.

The description in dorsal view is based
on a single tadpole (ZFEMK 71342c, with pro-
truded right forelimb). Body somewhat el-
liptically protracted with a slightly point-
ed snout (Fig. 4A) and with widest portion
being at midbody (body width 0.68 times
of body length). Eyes of moderate size (eye
diameter 0.1y times of body length), posi-
tioned dorsolaterally, directed more laterally
than anteriorly, bulging, not visible in ventral
view. Nares small, rounded, slightly rimmed,
positioned dorsolaterally in anterolaterally
direction. Naris closer to snout than to pu-
pil (rostro-narial distance 0.45 times of naro-
pupilar distance). Internarial distance about
0.49 times of interpupilar distance. Well de-
veloped nasolacrimal duct from the naris to
the anterior corner of the eye.

Tab. 1. Measurements (in mm) of adult Rhacophorus annamensis males, including mean value and
standard deviation (SD); abbreviations are as follows: SVL = snout vent length, HW = head width,
IMW = inner mouth width, NST = distance from the nostril to tip of snout, ED = diameter of the eye,
TD = diameter of the tympanum, EN = distance from the eye to the nostril, HL = length of the hand,
FLIT = length of the foot including tarsus, KL = length of the head, TIB = length of the tibia, EST =
distance from the eye to the snout-tip, LH = length of the hind limb, FL = length of the foot without

tarsus, IMT = inner metatarsal tubercle.

SVL HW IMW NST ED TD EN HL FLIT KL TIB EST LH FL IMT
ZFMK 82900  62.20 21.40 17.20 4.40 7.60 3.50 6.50 16.30 39.80 20.60 31.30 10.30 99.10 25.80 2.50
ZFMK 82918  59.10 19.30 16.40 4.60 7.30 3.20 6.40 15.20 37.80 20.40 29.90 10.50 91.70 23.70 2.60
VNUH LV2 54.10 18.30 17.00 4.00 6.90 3.00 6.00 14.10 35.20 17.60 28.70 8.50 89.70 21.80 2.10
PNKB LV1 59.20 18.70 17.00 4.00 6.90 3.50 6.20 14.50 37.70 20.10 30.40 10.70 93.80 23.40 2.10
mean 58.65 19.43 1648 423 7.18 3.30 6.28 15.03 37.63 19.68 30.08 10.00 93.58 23.68 2.33
SD +3.36 +1.38 +0.58 +0.34 +0.34 +0.24 +0.22 £0.96 +1.9 +1.40 £1.08 +1.01 +4.05 +1.64 +0.26
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Fig. 1. Adultmale Rhacophorus annamensis (ZFMK
82900) from Phong Nha - Ke Bang National Park
(May/June 2004). Photo: LE KHAC QUYET.

In lateral view, body slightly depressed
(body height 0.82 times of body width), snout
slightly rounded (Fig. 4B). Spiracle sinistral,
ventrolaterally positioned at midbody (dis-
tance from snout tip to opening of spiracle
0.66 times of body length), conical, oriented
in posterodorsally direction and entirely at-
tached to the body. Opening of the spiracle
oval, located on level between origin of hind
limbs and longitudinal axis. Vent tube com-
pletely reduced at this stage. Myotomes of the
tail musculature of moderate development
(height of tail musculature at base 0.54 times
of maximum body height, and o.57 times
of maximum tail height). Tail musculature
from the proximal to its distal half parallel,
then gradually tapering, reaching the tip of
the tail. Myotomes appear not to be attached
from the distal half to the tip. Tail fin moder-
ate, rounded at the end. Highest point of the
upper fin at the last third of the tail length
(maximum height of upper tail fin 0.32 times
of maximum tail height). Lower fin smaller
than dorsal fin (maximum height of lower
tail fin 0.27 times of maximum tail height).
Lateral line organ existent and well devel-
oped on body and along the apex of the cau-
dal musculature.

Oral disk anteroventrally positioned
(about 0.4 times of body width), of triangu-
lar shape in relaxed state, of nearly trapezoi-
dal shape in expanded state (see Fig. 5), and
laterally emarginated. Oral disk framed by
finger shaped papillae of moderate size ex-
cept for a large medial gap of the upper la-

14

Fig. 2. Vietnamese provinces, from which Rha-
cophorus annamensis has already been reported
(INGER et al. 1999, OrLOV et al. 2002, NGUYEN et
al. 2005, OrRLOV 2005, ZIEGLER et al. 2005, 2006).
From North to South: Quang Binh, Thua Thien-
Hue, Quang Nam, Kon Tum, Gia Lai, Dak Lak,
Lam Dong, and Ninh Thuan provinces; the dot
marks the locality within the Phong Nha - Ke Bang
National Park where the tadpoles (ZFMK 71342)
were collected. Drawing: T. ZIEGLER.

bium which is as long as the first keratodont
row. Few small submarginal papillae situated
laterally of the upper labium, two at each end
of keratodont rows A2 — Ag4; three further at
each end of the rows A5 — A7 in somewhat
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Fig. 3. Lateral aspect of the preserved tadpole of
Rhacophorus annamensis (ZFMK 71342¢) from
Phong Nha - Ke Bang. Photo: T. ZIEGLER.

B

Fig. 4. Dorsal (A) and lateral (B) aspects of the
preserved tadpole of Rhacophorus annamensis
(ZFMK 71342c) from Phong Nha - Ke Bang; scale
bar = 10 mm. Drawings: R. HENDRIX.

Fig. 5. Oral disk of the tadpole of Rhacophorus
annamensis (ZFMK 71342c). Drawing: R. HEN-
DRIX.

distance to the upper submarginal papillae.
Posterior border of the lower labium slightly
emarginated with one additional row of sub-

Fig. 6. Habitat of Rhacophorus annamensis in
Phong Nha - Ke Bang National Park at daytime
(September 1998) where the larvae were collected.
Photo: T. ZIEGLER.

marginal papillae over the length of lower
keratodont row. Keratodont rows A1 and A2
continuous, A3 divided, A4 — Ay entirely sep-
arated by the upper jaw sheath. Keratodont
rows P1 — P3 of the lower labium undivided.
Keratodont row formula (KRF): 2:5+5/3. Jaw
sheaths black, and slightly serrated. Upper
jaw sheath narrow, and stretched into a wide
arch. Lower jaw sheath V-shaped.

Ten species of rhacophorid frogs are cur-
rently known to occur in PNKB (ZIEGLER et
al. 2004, OHLER & DELORME 2006; system-
atics according to FROST et al. 2006): Chiro-
mantis vittatus (BOULENGER, 1887), Kurix-
alus verrucosus (BOULENGER, 1893), Poly-
pedates megacephalus HALLOWELL, 1861,
P mutus (SMITH, 1940), Rhacophorus an-
namensis SMITH, 1924, R. bipunctatus AHL,
1927, R. dennysi BLANFORD, 1881, R. kio OH-
LER & DELORME, 2006, R. orlovi ZIEGLER
& KOHLER, 2001, and Theloderma asperum
(BOULENGER, 1886). Furthermore, ORLOV
& Ho (2005) list their new species Philautus
truongsonensis as occurring in Phong Nha -
Ke Bang National Park, but this record was
based on a photograph only. ZIEGLER et al.
(2006) report of a single female Philautus
specimen from Minh Hoa district in Quang
Binh Province adjacent to Phong Nha - Ke
Bang National Park, that was provisionally
(because male sexual characters could not be
taken into consideration) allocated to Philau-
tus cf. jinxiuensis Hu, 1978.
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Tadpoles of the genus Rhacophorus are
morphologically uniform (INGER 1966, 1985,
CHOU & LIN 1997, GROSJEAN 2004). However,
some species of Rhacophorus possess an un-
interrupted row of marginal papillae on the
lower labium whereas others show a short
medial gap. The larva of R. annamensis be-
longs to the first group. It also possesses two
uninterrupted rows of keratodonts on the
upper labium, a feature shared only by R. au-
rantiventris from Taiwan (CHOU & LIN 1997),
and R. pardalis from Borneo, Indonesia (IN-
GER 1966, 1985) and Negros Island, Philip-
pine (ALCALA, 1962). The high number (sev-
en) of keratodont rows of the upper labium
in R. annamensis is also striking. In most oth-
er Rhacophorus species these otherwise oc-
cur in six rows (Rhacophorus sp. [GROSJEAN
2004], R. bipunctatus [BOURRET 1942, GROS-
JEAN unpublished data], R. dulitensis [INGER
1966, 1985], R. margaritifer [VAN KAMPEN
1909, 1923 under the name R. javanus], R. ni-
gropalmatus [vAN KAMPEN 1923, INGER 1966]
and R. prominanus [BERRY 1972]) or four or

five rows (CHOU & LIN 1997, ALTIG & McDI-
ARMID 1999b: 333, GROSJEAN 2004). The high
number of keratodont rows observed on the
upper labium of R. annamensis is shared by
the tadpoles of R. monticola (vAN KAMPEN
1923) and R. nigropalmatus (BERRY 1972), and
maybe by other species of the nigropalmatus
group (including R. nigropalmatus, R. promi-
nanus, R. kio and R. reinwardtii) (GRANDI-
SON 1972).

The tadpole of Rhacophorus annamensis
can be distinguished from the other Rhaco-
phorus tadpoles from PNKB whose tadpoles
are known, by its keratodont formula (2:5+5/3
versus 1:4+4/1+1:2 in R. dennysi from China
[POPE 1931]; 1:4+4/3 in R. kio from Thailand
[GrosJEAN unpublished data]; 1:5+5/1+1:2 in
R. bipunctatus from Thailand [GROSJEAN un-
published data]).

The uncertainties surrounding some of
the above mentioned records exemplify that
further research concerning rhacophorid
taxonomy as well as ecology is still required.
For example, the reproductive ecology and

Tab. 2. Measurements (in mm) of Rhacophorus annamensis larvae, including mean value and standard
deviation (SD); abbreviations after GROSJEAN (2001) and ALTIG & McDIARMID (1999a): BH = maximum
body height, BL = body length, BW = maximum body width, ED = maximum diameter of eye, HT =
maximum tail height, LF = maximum height of the lower tail fin, NN = internarial distance, NP = naro-
pupilar distance, ODW = oral disk width, PP = interpupilar distance, RN = rostro-narial distance, SS =
distance from the tip of snout to opening of spiracle, SU = distance from the tip of snout to insertion of
upper tail fin, TL = total length, UF = maximum height of the upper tail fin, TAL = tail length, TMH =

height of the tail musculature at base, TMW = width of the tail musculature at base.

BH BL BW ED HT LF NN NP ODW
ZFMK 71342a 7.62 13.08 9.04 2.21 7.15 2.11 2.11 2.44 3.81
ZFMK 71342b 6.87 13.13 9.06 2.11 7.22 2.21 2.08 3.16 3.90
ZFMK 71342c 7.64 13.47 9.28 2.12 7.33 1.97 2.24 2.83 3.88
ZFMK 71342d 6.66 13.18 8.09 1.94 6.71 1.75 2.23 2.57 3.41
mean 7.20 13.22 8.87 2.10 7.10 2.01 2.17 2.75 3.75
SD +0.51  +0.17 +0.53 +0.11 +0.27 +0.20 +0.08 +0.32  +0.23

PP RN SS SU TL UF TAL TMH TMW
ZFMK 71342a 5.57 1.08 7.73 11.63  41.14 2.52 28.06 3.96 3.54
ZFMK 71342b 5.78 1.39 8.49 12.03  39.78 2.52 26.65 4.19 3.66
ZFMK 71342c 5.73 1.27 8.87 1243 43.27 2.35 29.80 4.17 3.86
ZFMK 71342d 543 1.12 8.76 11.86  40.68 2.07 27.50 4.03 2.90
mean 5.63 1.29 8.46 11.99  41.22 2.37 28.00 4.09 3.49
SD +0.16  +0.23  +0.51 +0.34 +1.48 +0.21 *1.33  +0.11 +0.41
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larval morphology of Rhacophorus orlovi is
still unknown since its scientific description
six years ago (ZIEGLER & KOHLER 2001). The
recent larval description of Kurixalus ver-
rucosus from central Vietnam (ZIEGLER &
VENCES 2002) and the results of the present
study show that molecular analyses can help
to shed light upon the actual systematic re-
lationships of frogs and affiliated tadpoles.
DNA sequences, if deposited in public da-
tabases, provide unambiguous means to as-
sign the larvae to adult stages, even after tax-
onomic redefinitions and rearrangements.
They therefore provide substantial contribu-
tions to future works on larval morphology
and ecology in amphibians. Facing the glo-
bal amphibian extinction crisis, standardized
collection of DNA sequences in approaches of
DNA barcoding (HEBERT et al. 2003, SAvOL-
AINEN et al. 2005), and in conjunction with
thorough morphological descriptive analy-
ses, can be the key to more reliable knowl-
edge on the distribution areas, geographical
variation, reproductive diversity and larval
ecology of these organisms.

Acknowledgements

We thank Professor Vo Quy and Professor Dr.
TrUONG QUANG Hoc (Centre for Natural Resour-
ces and Environmental Studies, Vietnam Natio-
nal University, Hanoi), the People’s Committee of
Quang Binh, and the Phong Nha - Ke Bang Na-
tional Park directorate (NGUYEN TAN Hiep, Ca0
XuaN CHINH, and Luu MiNH THANH) as well as
Dina Huy Trr (Science Research Centre, Phong
Nha - Ke Bang National Park) for their conti-
nuous assistance and encouragement as well as
for issuing respective permits. The National Park
staff helped again to make fieldwork successful.
We are further grateful to Dr. JORN KOHLER (Hes-
sisches Landesmuseum Darmstadt) and to Drs.
BARRY CLARKE and CoLIN McCARTHY (The Na-
tural History Museum, BMNH, London) for en-
abling us to examine the holotype of Rhacophorus
annamensis. We are also indebted to Professor Dr.
DIETHARD TAUTZ and Dr. MEIKE THOMAS (Uni-
versity of Cologne, Institute of Genetics) for their
support with DNA sequencing. We further thank

Dr. Raour BaiN (Centre for Biodiversity and
Conservation, American Museum of Natural His-
tory, New York) for valuably commenting on an
earlier version of the manuscript. Field work of LE
Kuac QUYET was supported by Fauna & Flora In-
ternational (FFI) — Vietnam Programme, Hanoi.
Field work of T. ZIEGLER was funded in large by
the Volkswagen Foundation (project no. I/72 843),
by a grant of the “Graduiertenférderung” (GrFG
NW, no. 1 26 10) in combination with a grant of
the German Academic Exchange Service (DAAD,
no. 213/327/501/7), as well as recent research by
the Zoological Garden Cologne, the Kolner Kul-
turstiftung der Kreissparkasse Koln and BIOPAT
(www.biopat.de). Current tadpole research in the
Phong Nha - Ke Bang region is supported as well
by the Alexander-Koenig-Gesellschaft (AKG), the
Alexander Koenig Stiftung (AKS), the Deutsche
Gesellschaft fiir Herpetologie und Terrarienkun-
de (DGHT), and by the European Union of Aqua-
rium Curators (E.U.A.C.).

References

ALcALA, A. C. (1962): Breeding behavior and early
development of frogs of Negros, Philippine Is-
lands. - Copeia, 1962(4): 679-726.

ALTIG, R. (1970): A key to the tadpoles of the con-
tinental United States and Canada. — Herpeto-
logica, 26: 180-207.

ALTIG, R. & R. W. MCDIARMID (1999a): Body Plan.
Development and morphology. - pp. 24-51 in
McDiarMiID, R. W. & R. ALTIG (eds.): Tadpo-
les: the biology of anuran larvae. — Chicago,
London (The University of Chicago Press).

ALTIG, R. & R. W. McDIARMID (1999b): Diver-
sity. Familial and generic characterizations. —
Pp- 295-337 in McD1ARMID, R. W. & R. ALTIG
(eds.): Tadpoles: the biology of anuran larvae.
- Chicago, London (The University of Chica-
go Press).

BERRY, P. Y. (1972): Undescribed and little known
tadpoles from West Malaysia. — Herpetologica,
28: 338-346.

BOURRET, R. (1942): Les batraciens de I'Indochine.
- Hanoi (Inst. Océanogr. de I'Indochine): 547
PpP-

CHou, W.-H. & J.-Y. LI~ (1997): Tadpoles of Tai-
wan. — Nat. Mus. Nat. Sci. Spec. Publ,, 7: 1-98.

Dusors, A. (1995): Keratodont formulae in anur-



RALF HENDRIX et al.

an tadpoles: proposals for standardization. - J.
Zool. Syst. Evol. Res., 33: I-XV.

Frost, D. R., T. GRANT, J. FarvovicH, R. H. Bain,
A.Haas, C. E B. HApDAD, R. DE Sa, A. CHAN-
NING, M. WILKINSON, S. C. DONNELLAN, C. J.
RAXWORTHY, J. A. CAMPBELL, B. L. BLoTTO, P.
MOLER, R. C. DREWES, R. A. NUssBAUM, J. D.
LyNcH, D.M. GREEN & W.C. WHEELER (2006):
The amphibian tree of life. — Bull. Amer. Mus.
Nat. Hist., 297: 1-370.

GOSNER, K. L. (1960): A simplified table for stag-
ing anuran embryos and larvae, with notes of
identification. — Herpetologica, 16: 183-190.

GRANDISON, A. G. C. (1972): The Gunong Benom
expedition 1967 5. Reptiles and Amphibians of
Gunong Benom with a description of a new
species of Macrocalamus. - Bull. Brit. Mus., 23:
45-101.

GROSJEAN, S. (2001): The tadpole of Leptobrachi-
um (Vibrissaphora) echinatum (Amphibia, An-
ura, Megophryidae). - Zoosystema, 23(1): 143-
156.

GROSJEAN, S. (2004): Apport des caracteéres larvai-
res a la phylogénie des Amphibiens Anoures.
Cas de deux familles: les Megophryidae et les
Ranidae. — Unpublished thesis, Muséum Nati-
onal d’'Histoire Naturelle, Paris : i-iv + 1-177 +
[i-xxiv] + 1-261 + [i-cx] + 101 pl.

HEBERT, P. D. N, A. CYWINSKA, S. L. BALL & J.
R. DEWAARD (2003): Biological identification
through DNA barcodes. - Proc. Roy. Soc. Lon-
don, Ser. B, 270: 313-321.

INGER, R. E (1966): The systematics and zoogeo-
graphy of the Amphibia of Borneo. - Fieldiana:
Zool., 52: 1-402.

INGER, R. E (1985): Tadpoles of the forested re-
gions of Borneo. Fieldiana: Zool. (n. s.), 26: i-v
+ 1-89.

INGER, R. E, N. L. OrRLOV & I. DAREVSKY (1999):
Frogs of Vietnam: A report on new collections.
- Fieldiana: Zoology, N.S., Publication 1498,
92:1-42.

NGUYEN VAN SaNG, Ho THu Cuc & NGUYEN
QUANG TRUONG (2005): A checklist of amphi-
bians and reptiles of Vietnam. - Hanoi (Nha
xuat ban nong nghiep): 180 pp.

OHLER, A. & M. DELORME (2006): Well known
does not mean well studied: Morphological
and molecular support for existence of sibling
species in the Javanese gliding frog Rhacopho-

rus reinwardtii (Amphibia, Anura). - C. R. Bi-
ologies, Elsevier SAS, 329: 86-97.

ORrLOV, N. L. (2005): A new species of the genus
Vibrissaphora L1u, 1945 (Anura: Megophryi-
dae) from Mount Ngoc Linh (Kon Tum pro-
vince), and analysis of the extent of species
overlap in the fauna of amphibians and reptiles
of the north-west of Vietnam and central high-
lands. - Russ. J. Herpetol., 12(1): 17-38.

ORrLoV, N. L. & Ho THU Cuc (2000): Die Ruder-
bzw. Flugfrosche der Gattungen Polypedates
TscHuDI, 1838 und Rhacophorus KUHL & VAN
HASSELT, 1822 der Bergwilder Vietnams. Teil
2: Die Gattung Rhacophorus. — Herpetofauna,
22(126): 5-15.

Orrov, N. L., R. W. MUrPHY, N. B. ANANJEVA, S.
A. RyaBov & Ho THU Cuc (2002): Herpeto-
fauna of Vietnam, a checklist. Part 1. Amphi-
bia. — Russ. J. Herpetol., 9(2): 81-104.

Orrov, N. L. & Ho THU Cuc (2005): A new spe-
cies of Philautus from Vietnam (Anura: Rhaco-
phoridae). - Russ. J. Herpetol., 12(2): 135-142.

ORTON, G. L. (1953): The systematics of Vertebrate
larvae. - Syst. Zool., 2(2): 63-75.

PoprE, C. H. (1931): Notes on the amphibians from
Fukien, Hainan, and other parts of China. -
Bull. Amer. Mus. Nat. Hist., 61: 397-611.

RYBOLTOVSKY, E. (1999a): Bemerkungen zur Nach-
zucht des Flugfrosches Rhacophorus annamen-
sis. — elaphe, 7(4): 9-12.

RYBOLTOVSKY, E. (1999b): The Annamese Flying
Frog. — International Zoo News 46(7): 392-397.

SAVOLAINEN, V., R. S. CowaN, A. P. VOGLER, G. K.
RODERICK & R. LANE (2005): Towards writing
the encyclopaedia of life: an introduction to
DNA barcoding. — Phil. Trans. Roy. Soc. Lon-
don, Ser. B, 360: 1805-1811.

SmiTH, M. A. (1924): New tree-frogs from Indo-
China and the Malay Peninsula. - Proc. Zool.
Soc. London, 1924: 225-234, 3pl.

VAN KaMmpEN, P. N. (1909): Beitrag zur Kenntnis
der Amphibienlarven des Indischen Archipels.
- Natuurkundig Tijdschrift voor Ned.-Indié,
69: 25-48, 1 pl.

vAN KaMPEN, P. N. (1923): The Amphibia of the
Indo-Australian archipelago. — Leiden (Brill):
i-xii + 1-304.

VENCES, M., M. THOMAS, A. VAN DER MEIJDEN, Y.
CHIARI & D. R. VIEITES (2005a): Comparati-
ve performance of the 16S rRNA gene in DNA



Molecular identification and description of the tadpole of Rhacophorus annamensis

barcoding of amphibians. - Front. Zool., 2: ar-
ticle 5.

VENCES, M., M. THOMAS, R. M. BONETT & D. R.
VIEITES (2005b): Deciphering amphibian di-
versity through DNA barcoding: chances and
challenges. - Phil. Trans. Roy. Soc. London,
Ser. B, 360: 1859-1868.

WILKINSON, J. A., R. C. DREWES, & O. L. TATUM
(2002): A molecular phylogenetic analysis of
the family Rhacophoridae with an emphasis
on the Asian and African genera. - Mol. Phyl.
Evol,, 24(2): 265-273.

ZIEGLER, T. (2002): Die Amphibien und Reptili-
en eines Tieflandfeuchtwaldschutzgebietes in
Vietnam. — Miinster (Natur- und Tier Verlag):
342 pp-

ZIEGLER, T. & H.-W. HERRMANN (2000): Prelimi-
nary list of the herpetofauna of the Phong Nha
- Ke Bang area in Quang Binh province, Viet-
nam. — Biogeographica, 76(2): 49-62.

ZIEGLER, T. & J. KOHLER (2001): Rhacophorus or-
lovi sp. n., ein neuer Ruderfrosch aus Vietnam
(Amphibia: Anura: Rhacophoridae). - Sauria,
23(3): 37-46.

ZIEGLER, T. & M. VENCEs (2002): The tadpole
of Rhacophorus verrucosus BOULENGER, 1983
from Vietnam (Amphibia: Anura: Rhacopho-

ridae). — Faunist. Abhandl., 22(20): 319-327.

ZIEGLER, T., H.-W. HERRMANN, VU NGoc THANH,
Le Kuac Quyer, NGuveN Tan Hiep, Cao
XuaN CHINH, Luu MINH THANH & DiNH Huy
TRI (2004): The amphibians and reptiles of the
Phong Nha - Ke Bang National Park, Quang
Binh Province, Vietnam. - Hamadryad, 28(1-
2):19-42.

ZI1EGLER, T., A. OHLER, VU NGoc THANH, LE
Kuac QuYET, NGUYEN XUAN THUAN, DINH
Huy Trr & Bur Ncoc THANH (2005): New am-
phibian and reptile records for the Phong Nha
- Ke Bang National Park and adjacent areas,
Quang Binh Province, central Truong Son, Vi-
etnam. - Programme and Abstracts, 13th Ordi-
nary General Meeting, Societas Europaea Her-
petologica (SEH), 27 September - 2 October,
Bonn, Germany: 120-121.

ZIEGLER, T., A. OHLER, VU Ncoc THANH, LE
Kuac QuyEeT, NGUYEN XUAN THUAN, DINH
Huy Trr & But Ncoc THANH (2006): Review
of the amphibian and reptile diversity of Phong
Nha - Ke Bang National Park and adjacent
areas, central Truong Son, Vietnam. — pp. 247-
262 in: VENCES, M., ]. KOHLER, T. ZIEGLER &
W. BOHME (eds.): Herpetologia Bonnensis II
- Proceedings of the 13th Ordinary General
Meeting of the Societas Europaea Herpetolo-
gica, Bonn: 262 pp.

Manuscript received: 8 June 2006

Authors’ addresses: RALF HENDRIX, Zoologisches Forschungsmuseum Alexander Koenig, Adenauerallee
160, D-53113 Bonn, Germany and AG Zoologischer Garten Koln, Riehler Strafle 173, D-50735 Koln,
Germany, E-Mail: rhendrix@uni-bonn.de; STEPHANE GROSJEAN, Muséum National d’'Histoire Naturelle,
Département de Systématique et Evolution, UMS 602, Taxinomie-Collection — Reptiles & Amphibiens,
Case Postale N° 30, 25 rue Cuvier, F-75005 Paris, Frankreich, E-Mail: sgrosjea@mnhn.fr; LE Knac
QUYET, Fauna & Flora International - Vietnam Programme, IPO Box 78, 340 Nghi Tam, Hanoi, Viet-
nam, E-Mail: quyet.khac.le@ffi.org.vn; M1GUEL VENCES, Division of Evolutionary Biology, Zoological
Institute, Technical University of Braunschweig, Spielmannstrafle 8, D-38106 Braunschweig, Germany,
E-Mail: m.vences@tu-bs.de; Vu NGoc THANH, Centre for Natural Resources and Environmental Studies
(CRES), Vietnam National University, Hanoi, University of Science, Faculty of Biology, Department of
Vertebrate Zoology, Zoological Museum, 334 Nguyen Trai Street, Thanh Xuan, Hanoi, Vietnam, E-Mail:
vnthanh@fpt.vn; THOMAS ZIEGLER, AG Zoologischer Garten Kéln, Riehler Strafle 173, D-50735 Koln,
Germany, E-Mail: tziegler@zoo-koeln.de.



20



