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Abstract

Twelve species of Leptobrachium are known from Vietnam, Laos and Cambodia, most of which have been described to
science in the past twelve years. Our fieldwork on the Dakchung Plateau of southeastern Laos discovered a small Lepto-
brachiumwith ayellow upper iris that resembled L. buchardi, a species known only by the femal e hol otype from the Bo-
laven Plateau of southern Laos. We use our new collectionsto expand the original description of L. buchardi, and describe
the Dakchung species as new. Leptobrachium xanthops sp. nov. is distinguished from its congeners by having small body
size (males with SVL 44.7, females with SVL 38.8-45.2), the upper one-half of iris and sclera arc pale yellow, a dark
venter, and sexually active males without spines on the upper lip.
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I ntroduction

Twelve species of the megophryid frog genus Leptobrachium are known from Indochina, consisting of the coun-
tries of Vietnam, Laos, and Cambodia (Ohler et al. 2004; Stuart 2005; Bain et al. 2009; Nguyen et al. 2009; Stuart
et al. 2011), of which nine have been described since 1998. Most Leptobrachium have conspicuously colored eyes,
with a colored upper iris and scleral arc, and these prominent features are often used to diagnose species (e.g.,
Dubois & Ohler 1998; Lathrop et al. 1998; Matsui et al. 1999; Ohler et al. 2004; Brown et al. 2009; Matsui et al.
2010).

Our fieldwork in 2011 on the Dakchung Plateau of southeastern Laos revealed a small Leptobrachium species
with ayellow upper iris and scleral arc that was similar in size to L. buchardi, a species known only by the single
female holotype from the nearby Bolaven Plateau of southern Laos and reported to have a green upper iris (Ohler et
al. 2004). We collected L. buchardi at its type locality in 1999 and 2010, and we use those collections to expand its
original description and show that it is distinct from the Dakchung species, which is described here as new.

Material and methods

Specimens were collected on the Bolaven Plateau, Pakxong District, Champasak Province, Laos, by Bryan L. Stu-
art and Harold Heatwole in September 1999 and Bryan L. Stuart, Niane Sivongxay, and Sengvilay Seateun in July
2010, and on the Dakchung Plateau, Phou Ajol Mountain, Dakchung District, Xe Kong Province, Laos, by Bryan
L. Stuart, Somphouthone Phimmachak, and Sengvilay Seateun in May 2011 (Figure 1). Specimens were fixed in
10% buffered formalin after preserving liver in 20% DM SO-salt saturated storage buffer and RNAlater (Ambion).
Specimens were later transferred to 70% ethanol. Specimens and tissue samples were deposited at the Field
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Museum of Natural History (FMNH), North Carolina Museum of Natural Sciences (NCSM), and National Univer-
sity of Laos, Faculty of Science, Department of Biology (NUOL).

Comparative material examined in the holdings of the Australian Museum (AMS), FMNH, Natural History
Museum, London (BMNH), NCSM, and University of Science-Ho Chi Minh City (UNS) islisted in the Appendix.
Datawere also taken from the literature (Bourret 1937; Lathrop et al. 1998; Matsui et al. 1999; Orlov 2005; Rao et
al. 2006).

M easurements were taken to the nearest 0.1 mm with dia calipers: snout-vent length (SVL); head length from
tip of snout to rear of jaws (HDL); maximum head width (HDW); snout length from tip of snout to anterior corner
of eye (SNT); eye diameter (EYE); interorbital distance (I0D); internasal distance (IND); shank length (SHK);
thigh length (TGH); forearm length, from elbow to base of outer pamar tubercle (LAL); manus length from tip of
third digit to base of outer pamar tubercle (HND); pes length from tip of fourth toe to base of inner metatarsal
tubercle (FTL); inner metatarsal tubercle length (IML); and inner metatarsal tubercle width (IMW).

Total genomic DNA was extracted from liver using PureGene Animal Tissue DNA Isolation Protocol (Gentra
Systems, Inc.). A 555 nucleotide basepair fragment of mitochondrial (mt) DNA that encodes part of the 16S rRNA
gene was amplified by PCR (the polymerase chain reaction; one cycle of 94°C 5 min, 35 cycles of 94°C 45 s, 60°C
30s, 72°C 1 min, one cycle of 72°C 10 min) using the primers 16Sar-5" and 16Sbr-3' (Palumbi 1996). PCR prod-
ucts were cleaned using GEL ase (Epicentre Technologies) or ExoSAP-IT (USB). Cycle sequencing products were
sequenced in both directions on 23730 DNA Anayzer (Applied Biosystems) using the amplifying primers and Big
Dye version 3 chemistry (Perkin Elmer). Sequences were edited with Sequencher v. 4.1 (Genecodes) and deposited
in GenBank under accession humbers JN711501-JN711503. Homologous fragments of 16S obtained by Rao &
Wilkinson (2008), Zheng et al. (2008), Matsui et al. (2010), and Stuart et al. (2011) were downloaded from Gen-
Bank so that types or topotypes of every species of Leptobrachium reported from Vietnam, Cambodia, or Laos
were included in the analysis (Table 1). Downloaded sequences were trimmed to match the length of the fragment
obtained here. The data set was aligned using MUSCLE (Edgar 2004), and pairwise distances were calculated
using PAUP* 4.0b10 (Swofford 2002).

Leptobrachium buchardi Ohler, Teynié & David, 2004

Expanded description. Three adult males (FMNH 258082, 258084, 258087) and seven adult females (FMNH
258083, 258085-86, 25808990, NCSM 77762—63) from the Bolaven Plateau of southern Laos have habitus mod-
erately stocky; body tapering to groin. Head broad and depressed; head length and width subequal. Snout rounded
in dorsal view, sharply sloping in profile, barely projecting beyond lower jaw in profile; nostril slightly closer to tip
of snout than eye, below canthus, internarial shorter than interorbital distance; canthus rostralis distinct; lores
oblique, moderately concave; eye large, slightly projecting from side of head, diameter shorter than snout length,
interorbital distance longer than upper eyelid width; no pineal ocellus; tympanum round or oval, annulus weakly
visible, tympanum diameter about 50% eye diameter in males, 40% in females, and greater than distance between
tympanum and eye; tongue heart-shaped, notched posteriorly; large, slit-like vocal sac openings on floor of mouth
near lateral margin of tongue in males, absent in females; vomerine teeth absent.

Forelimb slender, more robust in males. Fingers moderately slender, without webbing. Tip of fingers blunt,
slightly swollen; relative finger lengths |1 = IV < | < IlI; two oval palmar tuberclesin contact, subequal in size, low
callous bumps on ventral surface of fingers; nuptial pad absent.

Hindlimb slender and relatively short. Toes moderately slender; webbing ontoes | and Il to level of distal mar-
gin of subarticular tubercle and continuing as afringe to base of tip, on preaxia side of toelll to level of distal mar-
gin of proximal subarticular tubercle continuing as a fringe to base of tip, on postaxial side of toe Il to level of
proximal margin of distal subarticular tubercle continuing as a fringe to base of tip, on toe 1V to level of proximal
subarticular tubercle continuing as afringe to base of tip, and on toe V to midway between base and tip. Tips of al
toes blunt, slightly swollen; relative toe lengths I<lI<V<III<IV; distinct, oval, inner metatarsal tubercle, length
about 80% distance between tip of toe | and tubercle; no outer metatarsal tubercle.

Skin above smooth with fine network of ridges, some scattered small tubercles posteriorly; no spines on upper
lip; low supratympanic ridge from posterior edge of eye to axilla; ventraly granular, skin smooth on ventral sur-
faces of limbs; oval axillary gland on ventrolateral surface slightly posterior to insertion of forelimb with body;
oval femoral gland on posteroventral surface of thigh, slightly closer to knee than vent.
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FIGURE 1. Map illustrating the type locality (star) of Leptobrachium xanthops sp. nov. on the Dakchung Plateau, Dakchung
District, Xe Kong Province, Laos, and the type locality (black circle) and new localities (white circles) of L. buchardi on the
Bolaven Plateau, Pakxong District, Champasak Province, Laos.
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FIGURE 2. Leptobrachium buchardi in life. (A) Lateral view and (B) eye with palpebrum retracted of NCSM 77762. (C) Lat-
eral view, (D) eye with palpebrum retracted, (E) dorsal view, and (F) ventral view of NCSM 77763.

In life (based on NCSM 77762—63; Figure 2), dorsum dark gray-brown, without distinct markings, few small
black spots posteriorly; flank gray with black spots and white tubercles; upper surface of forelimb as dorsum, with
indistinct darker bands, upper surface of hindlimb with black bands and bronze bands, some gray bands on dorsal
surface of tibiotarsus and foot; eye dark brown with upper one-third of iris white with light green wash (NCSM
77762) or white with light blue wash (NCSM 77763), scleral arc bright blue (visible in the posterior corner of the
eye and when the palpebrum is retracted); narrow black streak under canthus and supratympanic fold; chin white
with light brown markings, chest white, belly and ventral surface of limbs gray, minute white spots on tubercles on
chin, chest, belly, and ventral surface of limbs; axillary and femoral glands white. In preservative (based on all ten
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specimens), bronze limb bands fade to tan or gray. Other specimens closely resemble NCSM 7776262 in preser-
vative, except limb bands more distinct in some specimens (e.g. FMNH 258084) and more small black spots visi-
ble on posterior dorsum in some specimens (e.g. FMNH 258083).

M easurements are summarized in Table 1.

TABLE 1. Measurements (mm) of Leptobrachium from southern Laos. Abbreviations defined in the text.

Measurement L. xanthops sp. nov. L. buchardi

Male Females  Immaturefemale Topotype males Topotype females Holotype

n=1 n=2 n=1 n=3 n=7 femalet

Range Range; Mean = SD Range; Mean = SD n=1

SVL 447 50.3-56.9 47.1 45.1-48.0;46.1+ 1.7 49.2-565;541+26 495
HDL 229 23.7-281 227 21.2-222;21.7+05 23.8-258;248+09 217
HDW 20.8 22.0-255 20.6 20.3-22.0;21.4+1.0 229-245;239+06 206
SNT 8.7 83-105 7.9 8.38.7,85%+0.2 9.0-10.2; 9.8+ 04 9.6
EYE 7.1 7.9-8.6 7.2 6.6-7.2; 6.9+ 0.3 7.7-8.7,82+0.3 7.2
I0OD 6.1 6.4-6.5 6.6 6.1-7.0; 6.5+ 0.5 6.6-7.8;7.3£04 6.6
IND 4.6 4953 4.3 3.945;42+0.3 4.7-5.6;5.2+ 0.3 4.3
SHK 16.7 19.1-21.3 182 17.0-183;17.6£0.7 18.0-20.8;196+x11 171
TGH 19.5 227265 214 17.8-189; 183+ 0.6 19.3-24.6;220+20 188
LAL 14.9 18.2-188 16.6 14.8-154;152+0.3 17.3-19.7;186+09 148
HND 10.3 12.7-136 124 10.3-12.2;11.3+1.0 10.3-13.7;122+x12 125
FTL 17.0 21.3-21.8 19.6 17.7-18.7;182+05 18.8-215;204+11 183
IML 24 2.7-30 25 23-27,24%0.2 2.3-36;28+04 26
IMW 14 15-19 16 1.0-16;1.3+£0.3 1.3-17;15+02 -

'Datafrom Ohler et al. (2004)

Distribution and natural history: Leptobrachium buchardi is known only from the Bolaven Plateau in Pakx-
ong District, Champasak Province, Laos (Figure 1). The holotype was obtained at 1,200-1,250 m elevation “under
astonein adisturbed area” (Ohler et al. 2004). The new specimens reported here were collected at 1,000-1,240 m
elevation in wet evergreen forest and in coffee plantations near the edge of wet evergreen forest, during the day
under leaf litter and at night on leaf litter or bare soil, at least 10 m from water.

L eptobrachium xanthops sp. nov.

Holotype. NCSM 78468 (field tag BLS 14376), adult male (Figure 3), Laos, Dakchung Plateau, Phou Ajol Moun-
tain, Xe Kong Province, Dakchung District, 15.68239°N 107.19424°E, 1,475 m €lev., coll. 18 May 2011 by Bryan
L. Stuart, Somphouthone Phimmachak, and Sengvilay Seateun.

Par atypes. Two adult females: NCSM 78466, same data as hol otype except coll. 17 May 2011; NCSM 78467,
same data as holotype except coll. 15.68516°N 107.19814°E, 1,450 m elev., 17 May 2011. One subadult female:
NUOL 00001, same data as holotype except coll. 15.68444°N 107.19689°E, 1,500 m elev., 19 May 2011.

Referred material. One metamorph: NCSM 78469, same data as holotype except coll. 15.68477°N
107.19407°E, 1,490 m elev.

Etymology. The specific epithet taken from xanthos Gr. for yellow and ops Gr. for eye, in reference to the iris
color of the new species.

Diagnosis. Assigned to the genus Leptobrachium on the basis of having head width longer than shank length;
skin above with a network of ridges; large axillary glands; extremities of digits rounded; and upper part of iris col-
ored differently from lower part (Dubois & Ohler 1998). A small-sized Leptobrachium having males with SVL
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44.7, females with SVL 38.8-45.2; lower one-half of iris dark brown, upper one-half of iris pale yellow, sclera arc
pale yellow; dark venter (purplish-gray in preservative) with minute white spots on tubercles; and sexually active
males without spines on the upper lip.

FIGURE 3. Leptobrachium xanthops sp. nov. in life. (A) Lateral view, (B) eye with palpebrum retracted, (C) dorsal view, and
(D) ventral view of the male holotype NCSM 78468. (E) Lateral view and (F) ventral view of the female paratype NCSM
78467. The upper irisand scleral arc are pale yellow in life, but appear near to white under camera flash.

Description of holotype. Habitus moderately stocky; body tapering to groin. Head broad and depressed; head
length slightly longer than head width. Snout rounded in dorsal view, sharply sloping in profile, barely projecting
beyond lower jaw in profile; nostril slightly closer to tip of snout than to eye, below canthus, internarial shorter
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than interorbital distance; canthus rostralis distinct; lores oblique, moderately concave; eye large, sightly project-
ing from side of head, diameter shorter than snout length, interorbital distance subequal to upper eyelid width; no
pineal ocellus; tympanum round, slightly elevated from side of head, annulus weakly visible, tympanum diameter
about 40% eye diameter and greater than distance between tympanum and eye; tongue heart-shaped, notched pos-
teriorly; large, dlit-like vocal sac openings on floor of mouth near lateral margin of tongue; vomerine teeth absent;
testes mature.

Forelimb slender. Fingers moderately slender, without webbing. Tip of fingers blunt, that of fingers | slightly
swollen; relative finger lengths 11 <1V < | < 1ll; two ova palmar tuberclesin contact, inner larger than outer, low
callous bumps on ventral surface of fingers; nuptial pad absent.

Hindlimb slender and relatively short. Toes moderately slender; webbing on toe | and preaxial side of toe Il to
level of distal margin of subarticular tubercle, on postaxia side of toe |l to base of tip, on preaxia side of toelll to
level of proximal subarticular tubercle continuing as a fringe to base of tip, on postaxial side of toe |11 to midway
between proximal subarticular tubercle and tip continuing as a fringe to base of tip, on preaxial and postaxia sides
of toe |V to samelevel as postaxia side of toe |11 and continuing as a fringe to base of tip, and on toe V to subartic-
ular tubercle continuing as a fringe to base of tip. Tips of all toes blunt, slightly swollen; relative toe lengths
I<llI<V<IlI<IV; distinct, oval, inner metatarsal tubercle, length about 75% distance between tip of toe | and tuber-
cle; no outer metatarsal tubercle.

Skin above smooth with fine network of ridges, with small tubercles above sacrum; no spines on upper lip; low
supratympanic ridge from posterior edge of eye to axilla; ventrally granular, skin smooth on ventral surfaces of
limbs; large, round axillary gland on ventrolateral surface dlightly posterior to insertion of forelimb with body;
indistinct femoral gland on posteroventral surface of thigh, closer to knee than vent.

Color of holotypein life. Dorsum dark gray, with indistinct, black spots on tubercles, white spots on tubercles
near vent; upper flank like dorsum, lower flank like belly, with small white spots at interface; upper surface of fore-
limb with narrow, indistinct black bands; upper surface of hindlimb with black bands and indistinct bronze bands
on dorsal surface of thigh, black and light gray bands on dorsal surface of tibiotarsus and foot; lower one-half of
iris dark brown, upper one-half of iris pale yellow, scleral arc pale yellow (visible in the posterior corner of the eye
and when the pal pebrum is retracted); irregular, black streak under canthus and supratympanic fold; ventral surface
of body and limbs dark purplish-gray, chin and chest lighter than belly, minute white spots on tubercles on chin,
chest, and belly; axillary and femoral glands white.

Color of holotype in preservative: Color in preservative amost uniformly dark gray-brown, with only faint
traces of banding on hindlimb visible. Upper part of iris and scleral arc faded to white.

Variation: Paratypes closely resemble the holotype, except NCSM 78466 had indistinct bronze bands on fore-
limb in life. Females with thinner forelimbs than males. Females NCSM 7846667 with large, brown ovain preser-
vative, female NUOL 00001 with developing creamy-white ovain preservative. Measurements are summarized in
Table 1.

M olecules. The holotype and two paratypes (NCSM 78466, NUOL 00001) are identica in the 16S gene frag-
ment, but are divergent from topotypes of other Leptobrachium species known from southern Laos and adjacent
central Vietnam. Specifically, the new species has an uncorrected pairwise divergence of 8.01% from L. banae,
4.01% from L. buchardi, 11.66% from L. chapaense, 3.06% from L. ngoclinhense, 3.09% from L. pullum, and
6.57% from L. xanthospilum (Table 2).

Distribution and natural history. Leptobrachium xanthops is known with certainty only from wet evergreen
forest at 1,450-1,500 m elevation on the Dakchung Plateau, Phou Ajol Mountain in Xe Kong Province, Dakchung
District, Laos. The species probably occurs elsewhere in the highlands of southeastern Laos and adjacent central
Vietnam, and may be hidden in existing natural history collections under previously named species of Lepto-
brachium. The adults were found at night (1905-2215 h) on leaf litter within 15 m of 3-5 m wide swift, rocky
streams. Calling was not heard. The subadult was taken at night (2000 h) on leaf litter away from water. The meta-
morph was found at night (2110 h) on a stone in shallow water at the bank of a5 m wide swift, rocky, cascading
stream.

Comparisons. Leptobrachium xanthops differs from all other species of Leptobrachium by having a pale yel-
low upper one-half of theirisand scleral arc. It further differsfrom all other species of Leptobrachium that occur in
Laos, Vietnam, or Cambodia (Table 2) in size, body coloration, and/or male secondary sexual characters. Specifi-
cally, L. ailaonicum, L. echinatum, and L. ngoclinhense have males with SVL > 60 (44.7 in L. xanthops) and spines
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on the upper lip (absent in L. xanthops). Leptobrachium banae and L. xanthospilum have males with SVL > 57
(44.7 in L. xanthops) and females with SVL > 80 (50.3-56.9 in L. xanthops). In addition, L. banae has red bands on
the limbs (absent in L. xanthops) and L. xanthospilum has large, yellow, glandular spots on the flank (absent in L.
xanthops). Leptobrachium buchardi, L. pullum, and L. smithi have light venters with dark spots (dark purplish-gray
venter in L. xanthops), and L. leucops has distinct dark markings on the dorsum and banding on the limbs (absent in
L. xanthops). Leptobrachium chapaense, L. mouhoti, and L. promustache have males with SVL > 51 (44.7 in L.
xanthops) and females with SVL > 58 (50.3-56.9 in L. xanthops), and L. promustache has males with spines on the
upper lip (absent in L. xanthops).
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Appendix. Compar ative specimens examined.

Leptobrachium buchardi: FMNH 258082, FMNH 258084, FMNH 258087 (males), FMNH 258083, FMNH 258085-86,
FMNH 258089-90, NCSM 7776263 (females), Laos, Bolaven Plateau, Champasak Province, Pakxong District.

Leptobrachium leucops: NCSM 77465 (holotype male), AMS R173163, FMNH 280396, NCSM 77463-64, NCSM 77467,
UNS 00121/AMS R173159, UNS 00122/AMS R173160, UNS 00123/AMS R173161, AMS R173162, AMS R173165,
UNS 00124/AMS R173166, AMS R173168 (paratype males), UNS 00125/AMS R173167, AMS R173158 (paratype
females), Vietnam, Langbian Plateau, Lam Dong Province, Lac Duong District. NCSM 77466, AMS R173164 (paratype
males), Vietnam, Langbian Plateau, Khanh Hoa Province, Khanh Vinh District.

Leptobrachium mouhoti: FMNH 262756 (holotype male), FMNH 262753-55, FMNH 262757 (paratype males), Cambodia,
Mondolkiri Province, O’ Rang District. FMNH 261757-60, FMNH 261762—65 (paratype males), FMNH 261761 (paratype
female), Cambodia, Mondolkiri Province, Pichrada District.

Leptobrachium ngoclinhense: AMS R173834, UNS 00416/AMS R173837 (males), Vietnam, Kon Tum Province, Dak Glei
District, Mount Ngoc Linh.

Leptobrachium pullum: BMNH 1921.5.5.36 (lectotype male), BMNH 1921.5.5.32-35, BMNH 1972.1459-64 (paral ectotype
males), Vietnam, Langbian Plateau, Arbre Broyé. BMNH 1921.5.5.31 (paralectotype female), BMNH 1921.5.5.29-30,
BMNH 1972.1465-66 (paralectotype males), Vietnam, Langbian Plateau, Camly. FMNH 280397, NCSM 77458-62,
AMS R173138-39, UNS 00112/AMS R173140, UNS 00113/AMS R173141, UNS 00114/AMS R173142, AMS R173143~
44 (males), AMS R173147 (female), Vietnam, Langbian Plateau, Lam Dong Province, Lac Duong District, Bi Doup-Nui
BaNationa Park. AMS R173145 (male), Vietnam, Langbian Plateau, Khanh Hoa Province, Khanh Vinh District.

Leptobrachium xanthospilum: FMNH 252919-20 (males), Vietnam, Gia-Lai Province, Ankhe District.
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