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Introduction

1. Introduction

The Truong Son Rangss situatedalong Laos' border with Vietnanit is known to Laotians

as Sgphou Louangand in Vietnamese as Truong Sow. the rest of the wor|dt is knownas

the AnnamiteMountain Range The northern part of the Range contamn$arge serie®f
contiguous limestone karst formatmSterlinget al. 2006) Today it is a uniquetransitional
region between the subtropical plant communities of the Northtlaadropical South in
Indochina(Groves & Schaller 20005terlinget al. 2006) It is considereda regionof global
importarce in terms ofbiodiversity (Myers et al. 2000) A complex history of geological
uplifting and folding created a sequence of large limestone and granite formations in this
region. The overlap of Siadimalayan and Ind®alayan biotic influences as well as both
climatic and historical factors have contributed to high levels of diversity and endemism in
the Truong SorfClementset al. 2006; Sterlinget al. 2006;Bain & Hurley 201). In the last

two decades, several new distirspteciesof mammals have beatiscoveredrom the forests

in this region e.g.,Pseudoryx nghetinhengjgu et al. 1993, Muntiacusvuquangensi¢Do et

al. 1994),M. truongsonensigPhamet al. 1998),Nesolagus timmingAverianov et al 2000),
andLaonastes aenigmam@denkinset al 2005; Aplin & Lunde 2008).

In terms of herpetofaunal diversity, the knowledge on the species richness of amphibians and
reptiles in Vietham and Laos has dramatically increased in recent decadéstnbim, the

species number of amphibians and reptiles increfreeal 458 species (162 amphibian and

296 reptile specieskportedby Nguyenet al (2005) to 566 species (&1 amphibian and 38

reptile species) b¥iegler & Nguyen 2010Additionaly, 44 amphibian and.6 reptile species

have beenliscoverd from Vietnamsince2 0 1 0 ( Uet z & Ho g dlomPRabsl 5 ; f
only 95 amphibian and 89 reptile species were known in 2005 Teyaié et al. 2004;Stuart

20056 Uet z & Hogek RThésenumbbers have rapi2ilpidcteased to 103 species

of amphibians and 180 species of reptiles in 200€yié & David 201Q Uet z & HoO g €
2015; Frost 2016 Despite founew species of amphibiaasad15 new speciesf reptilesthat

have been discovered in the last five years from Laos, resulting in a totatreftty 107
amphibian and 198 reptile speciesddt z & Hogek 2 @Qhe Enown Bpecies t 20
richness still appars severely underestimated domparison to the much bettstudied

Vietnam (Fig. 1.1).
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FIGURE 1.1.Compariso of the known species numbers of amphibians and repalesen
Laos and Vietnam (2003015)

Despite the numerous new discoveries and records which have been documented from
mainland Southeast Asia in recent ye@etz & Ho § e k ; FBrét P@ELY, biodiversity in
tropical countries like Vietnam and La@sfacing a sharp declingMyers et al. 2000) The
current extinction rate igstimated approximatel$000 timeshigher than that in historic
times, which may cause an alarming decline of the functioning of ecosy@éms et al.

2013; Pimmet al. 2014) The primary threats attribuddo the increase of species extinction
rates inclue timber logging and deforestationfor agriculture, nming and construction
activities pollution, exploitation and unsustainable use of plants and animals, introduction of
invasive speciesandglobal climate chang@Gibbonset al. 2000;Cox & Temple 2009)The
Truong Son Range has a particularly higlte of deforestation andimestone quarrying,
driving population declines and extinctions amasgmal taxa (Sterling & Hurley 2005
Clementset al. 2006. Because amphibians and reptitge poikilothermic animals and have
lower activity rangeshan othewertebrategGibbonset al.2000),theyarehighly at risk.On a

world wide scale for instance, rougt2Q0extinct species dfogs have been documenteadd
hundreds morare expected to disappeaithin the next centurgyAlroy 2015) Twenty three
reptile species have already disappeared and 164 spetiest he wor | dds rept.i
to be under the threat of extinctigqumar et al. 2014) Therefore, effective conservation
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measuregare mandatory anekquire integrated studies on morphological and ecological, traits

evolutionary historyand biogeograph{Moritz et al 2000; Bohmet al 2013).

The Hin Nam No National Protected Area (NRA) central Laosandthe Phong Nha Ke

Bang National Park (NP)n central Vietnam are located on opposite sides oftheng Son
Range The herpetaduna isregarded as significant portion of té biodiversity in these
regions with 532 recorded species of amphibians and reptiles (Bain & Hurley 2Z044).
herpetofaunladiversity in the Truong Son Rangbas beennvestigated since before the last
centuy (e.g., White 1842; Mouhot 1864; Morice 1875; Tirant, 18&&nith presented a
series of studee during the 19209e.g., Smith 1920, 192a 1922ab, 1923, 1924a),
among them thérst surveys oramphibian and reptildiversity (Smith 1920)Seventy gars

later, letween 1998 and 1998gain numeroukerpetofauniasurveys wereonductedon the
Vietnamese side dhe northernTruong Son Ranges.g.Huong Son Forest Enterprises (Ha
Tinh Province), Ke Bo (Nghe An Province) and Cha Lo (Quang Binh Provireadalinga

total of 71 speciesf herpetofaung35 amphibians and 36 reptiles) (Bain & Nguyen 2001a,;
Bain & Nguyen 2001b; Choat al. 2001). Subsequently, intensivieerpetodiversity surveys
were conducted in Phong Nh&e Bang NPfor anotherlO years €.g., Ziegler & Herrmann
2000; Ziegleret al 2006; Ziegleet al 2007;Hendrixet al 2008; Ziegler & Vu 2009Ziegler

et al 2010. At least 12 new amphibian and reptile taxa have been described in the area
Recantly, Luuet al (2013) published a listtd1 new recordsf amphibian and reptile species
and subspecies, thugpdating andncreasing the total number of herpetofauna known from
Phong Nha- Ke Bang to 151 speciefespite this progresbig gas still remain in our
knowledge on the herpetofauniadiversity and its distribution in the Truong Son Range
(Ziegler & Vu 2009)Hin Nam No NPAand its surrounding areas Khammouane Province,
Laos, is an examplérom wherethe amphibian and reptile fauna is virtually unknown. The
report byWalston & Virton (1999 is the only study that catalogued amphibian and reptile
species from the area, but the given total number of 49 herpetofaunal representatives is likely
a severe underestimate of the actual species richness. This region certainly yieldstly distinc
higher number of species, including so far undescribed taxa when comparée to
comprehensive data available fréthong Nha- Ke Bang NPon theoppositeside of Truong

Son Range.

Herpetodiversity research and taxonomic action face multiple challémgkes Truong Son

(Bain & Hurley 2011). Taxonomists with det a
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rare. h many casesdentificationto species level idifficult, because taxonomic monographs

for the region are lacking, and taxonomy is basedmany isolated publications. Species
descriptions are of different quality but usually rely on morphological characters. However,
systematis based on the morphospecies concept often results in lower species counts than
systematics based on molecular d@ler & Delorme 2006; Stuadt al. 2006. Species
complexes composed of species with apparently similar morphology but significant genetic
differencesso-called cryptic speciesan lead to wrong taxonomic assignments if they are not
backed up by molegar genetic studies(g.,Vogel & David 2006;0hler 2007 Bain et al

2009). In fact, a number of cryptic species have been reported reckotly Indochina
suggesting that their formerly assignditribuion rangesare geographicallymuch more
limited (Bickford et al 2007) This has important consequences for species conservation and
alphataxonomy.DNA barcodinghas become a crucigol for detecting and differentiating
speciexcomplexes in amphibians and repti{®&nceset al. 2005; Stuaret al. 2006; Angulo

& Icochea 2010; Blaiet al. 2013; Mrinaliniet al. 2015). Therefore an integrativeapproach

that combinesnorphological geneti¢ and ecologicatlata todelineatespecies boundariesd

to detect cryptic specidssconsiderably increasdtle recognized species richness witthia
Truong Son Rangge.g., Bainet al 2003;Stuartet al. 2006;Stuart & Bain 2008; Nazarost

al. 2012; Nguyeret al. 2013).

Never before have so masyrveysbeen conducted iane area of Vietham as in the Truong
Son Rangge.g., Inger & Kottelat 1998; Ingext al 1999; Teyniéet al 2004; Heidrichet al
2007; Teynié & David 2010; Nguyeret al. 2013). As a result, the specidistributions may
be misleadingas many newly described species have only been recombed their type
localities. These specigsay featureendemism or restricted distributign® there may be a
discrepancy between their described rarayeitheir actualranges (Bain & Hurley 2011).

Ecological studies onamphibians and reptiles of the regiare also not extensive since
ecological information isnainly based on observationsade durindield surveys. Ecological
studies ofthe herpetofauna omhe western Laotianside ofthe Truong Son Rangare far
fewerin comparison with tbse on the opgsite side in central tnam (Ziegler & Weitkus
1999ab; Ziegler 2002; Loost al 2012). Sampling limitatiors are problematidecause
species may only be recorded when tleywethe wateremerge from undergroundr come

down from the trees his obsevation biass likely responsible for the lack @icologcal data
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In order to fill some of the remaining gaps of knowledge on the herpetodiversity of the
Truong Son Rangemy aim wasto investigatethe composition ofamphibian and reptile
communities othelargelystill unexpgored natural habitats in kargtrestswith a focus on the
western, Laotian sidalongthe northernTruong Son RangeHere,a number of hypotheses
arise. (1) The Truong Son Range acted as a biogeographic barrier for the distriblution
amphibians and reptiles. (2) If this allopatric speciation was a recent event in evolution, we
expect to findmorphologically still similarput genetically different (i.e. cryptic) species on

the western side of the range in Lamisencompared to theastern side in Vietnam. (3) If
allopatric speciation was related to the-history of a taxonomic group (e.g. geckos adapted

to rocky surfaces) then these specific taxonomic groups should contain higher levels of
endemism and cryptic diversity than othe(4) I, however, shifts in ancient climate and
subsequent range expansions and contractions of natural habitats led to allopatric speciation,
all taxa adapted to a specific habitat would be separated and we expect to find spatially
distinct centres ofralemism and cryptic diversity in very different taxonomic groups of the
herpetofauna. (5) We expect a similar diversity in Laos as on the opposite site of the range in
Vietnam. (6) Since karst forests provide a number of special and clearly definedshaimtat
expect similar ecologicahiches to be occupied withiietham and Laos, but the actual
species filling the niches might differ within a gen(i®) The speci es6 di stri
can be explained against the background of zoogeograpbyanswerthese hypotheses
profound taxonomiaescriptions are an ultimate prerequisitghich means that taxonomic
problems have to be resolved firfb achieve this goagnintegrativetaxonomicapproachis

needed which combines morphological, molecular, andc@&ogical data Secondly, the
speci eso6 di sand atkeasttheielative@aundanees, basic habitat preferences,
and ecological requirements have to be investigetentderto assignthe spatiaboundaries

of the specigsand theirpotentid conservation tstus. Furthermorea high proportion of
herpetofauna fromLaos as well as along the Truong Son Rangee threatened with
extinction due to increasing human populasoend loss of natural habitats. Therefoiteg
database obtained fronulomorphological and metular analyses is an extremely useful
prerequisitaf combined withsubsequent ecologicdata. These can be used to defipecific
conservation measures such as the definition of new protected regions or the improvement of

alreaq existing conservation areas.

In brief, tis study aimg1) to investigate the species richndsasicecology, and distribution

pattern of amphibians and reptiles the western side of the Truong Son Raingkeaos (2)
8
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to elucidate the speciation ofethamily GekkonidaeQyrtodactylus Gekkg, a species rich,
but poorly known group of reptiles on both sides of Truong Son Range; &)dtess the
central hypothesis thafTruong Son Rangeepresents as a biogeographic barrier to the
herpetofaunaand the hypotheses derived from it; and (4) to provide implications for

conservation measures.
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2. Material and Methods
2.1 Study site

The Truong Son Range approximately 1,200 km in length andi5® km wide, running

from northwest to southeast along the rentength of the Ladd/ietnam border, through the
inland of Vietham to northeastern Cambodia, with elevations between 500 and 22000en

sea levela.s.l) (Sterlinget al. 2006; Ziegler & Vu 2009; Bain & Hurley 2011)'he Truong

Son Rangeas divided into three regions: 1) northern Truong Son, composed of ancient sea
basins, which were uplifted and now are heavily eroded to form the characteristic sharp karst
ridges and peaks with extensive systems of caves, tunnels, and underground rivers and
streams; P central Truong Sondominated by théKon Tum Massif which consist of an
enormous granite formatiobgingamong the oldest uncovered rocks in Southeast Asia; and
3) southern Truong Son, including Dac Lac, Da Lat and Di Linh Plateaus, a series of eroded
granite and basalt plateaus dotted with isolated pé&akgler & Vu 2009; Bain & Hurley

2011) Ce nt r a ITruohgaSois Bangés a transitional region between the subtropical
communities of the north and the tropical ones from the south, and harboursnaekemyic
species, such as a spectacular endemic mammal fauna (Groves & Schaller 2000; Hgrrmann
al. 2002).

In the northern Truong Somange we have selectedhe Hin Nam No National Protected
Area (NPA) and its surroundingreas in Khammouane Provindeaosas focal studyegion
because it is directly opposite of thell-studiedPhong Nha Ke Bang NP in VietnamHin

Nam NoNPA andPhong Nha Ke Bang NPare situated withirone ofthe most extensive
limestone karsformationsin Asia. The vast Khammouardenestone formation, stretching
about 150 km across central Laos to Vietnam (Stedirgl 2006; Bain & Hurley 2011) was
folded in the Miocene and subsequently uplifted and heavily eroded since the Pliocene about
51 3 million years agqRuncel 1999) Clearclimatic differences still exist today between the
semihumid climateon the Laotian side of th@ruong Son Rangevith 1500 2000 mm
precipitation peryea and four months of dry seasaad the wetter Vietnamese side with
more intense anmlirainfall (up to 2500 mm) and a comparatively shorter dry season (Bain &
Hurley 2011).

Hin Nam NoNPA is located irthe Bualapha District, Khammouane Province in central Laos
The total area ofprotectedland is abow 82000 ha and extends over a ladjssected karst

pl ateau 17AZADBSN and5A09A4BP (Phi mmavong 20
is the Phou Chuan@t an elevation af,492 ma.s.l. The land cover of Hin Nam No NPA is

characterized by a mosaic of different types of lowland, &ftl mountainous forest.
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Evergreen forestare multi-storied with broadeaved species of Podocarpaceae, Myataceae
and Fagaceadlixed deciduous forestreclassified as consisting of more than 5% but less
than 70% of deciduous species with a lower dgrnsian the evergreen foresiThey are
dominated by Dipterocarpaceae and Lyrthaceae. Bamboo forests can bedolyndlong

the southeastern border of the area, consisting maimgambusa arundinacea&he sparsely
forested vegetation on the limestangface in karst areas is primarily dominated by relatively
dwarfed and droughtesistant species which are adapted to the low water ability (Rundel
1999; Averyano\et al 2003) such as Agavaceae and Arecaceae (Meijbodio 002)(Fig.

1.2).

FIGURE 1.2. Main habitat types in Hin Nam No NPA: A) granite forest in the highest
Mountain, Phou Chuang; B) a limestone cave in Thong Xam Village; C) karst forest in Ban
Cha Lou; D) karst forest in Noong Ma Village.

2.2 Sampling

Field work was undertakesturing a riod of four years between 202916 within Hin Nam
No NPA and itssurrounding areasf Bualapha District, and extended surveys into isolated

karst mountains onommalathMahaxay Thakhek andHinboundistrictsin Khammouane
11
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Province In Hin Nam NoNPA and itssurrounding areasf Bualapha Districtfield surveys
coveed all three partawithin the protected area, including forest areas of Noong Bua, Dou,
Vangmano, Thong Xam (Thong Xam trail) villages and Phou Chuang mountain in the
northern part; Cha Lo@Khun Kaan region) and Noong Ping (Xe Bang Fai cave region)
villages in the central part; and Noong Ma Village (Hang Toi and Pa Rang regions) in the
southern paras well as andurrounding areaBualapha District Ban Soc, Noong Nieu,
Mayvangnguoc villags, Bualapha and Lang Khang townspr theextended surveys into
isolated karst mountains in Khammouane Provinwe focused on theisolated karst
mountains of Bualapha District (Ban Soc, Noong Nieu, MapgNguoc villages, Bualapha

and Lang Khang towns)Gnommalath District (Nang Log cave, Hang Kan and Na Bo
villages); Mahaxay DistricfNa Kham and Na Ngua villagegjhakhek District (Budda cave);
Hinboun District (Phon Du and Ha villages, and tkaun Don cave arewithin Phou Hin

Poun NPA) (Fig. 1.8

ﬁ Khammouane Province

FIGURE 1.3.Map showing the survey sitémarked with red dotsh Hin Nam NoNPA and
surrounding areagnapsource:M. de Koning &R. Dobbelsteiji

Survey transects were set up along streams, pools, small ponds or along forest paths,
particularly in emote sites. As lizards and snakes usually inhabit rock crevices, leaf litter or
tree branches, we also searched in forests near cave entrances and cliffs. Coordinates were
determined bYGPS Field trips were organizeoetween January and June each yedre dry

seasorwith low water levelswhich is important for field site access, and which is the best

12
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season to inventory amphibians and reptilsarch effortwas restrictedto the night time
from 19:00h to approximately 24:00h, when most of amphibrahraptile species are most

active

For voucher specimensnost of animals were capturdy hand. Venomous snakes were
collectedwith a snake hook or a snake tong, and some lizards were colleitketbrceps.
Collected specimens were kept in cloth badgsertaking photographs, common species were
releasedSome individuals of ther specieswere collected fotaxonomicidentification in the
laboratory, with a particular attention totpotial cryptic species. The selected animakse
anaesthetized and thanizedin a closed vessel with a piece of cotton wool, contaiethgh
acetate within 24 hours after collectirifach specimen was labelled directly with a field tag
providing information on the locality and a coded identification number. Specimere

fixed in 8085% ethanol and subsequently transferred to 70% ethanol for permanent storage.
For molecular analysis, tissue samples of mu@lkg, frogs, lizardsand liver(snakes)vere
preserved in 95% ethanol (Simmons 2002). All voucher specimensolégeted selectively
according to appropriate permissions (e.g., CITES, Animal Welfare Law, Forest Protection
regulations of Laos).

For dl collected individualsnformation onhabitat, time, air temperature and humidand

perch height above the groundvere recorded, as well as cafpendentadditional
observations. Geographic coordinates and elevéianl.)were tracked with a GPS (Garmin
GPSMap 62st) using the geodetic datum WGS84. Air temperature and humidity were
measured with a digital compatihermehygrobarometer (Atech, model: KW38ZSJ,

accuracy 0.1% for temperature, 1% for relative humidity).

Specimens wersubsequently deposited in the collections of the Vietnam National University
of Forestry (VNUF), Hanoi, Vietnam, the Institute of Hmgy and Biological Resources
(IEBR), Vietnam Academy of Science and Technology, Hanoi, Vietham; the National
University of Laos (NUOL), Vientiane, Lao PDRZoologisches Forschungsmuseum
Alexander Koenig (ZFMK), Bonn, Germanynd the Museum fir Naturkundéerlin
(ZMB), Germany.

2.3 Data Analysis

2.3.1 Specimen examination

13
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Taxonomic decisions were based on morphological examinati@d®tollectedamphibian

and reptile specimens (Tablke1) in comparison with datdaken of 99 comparative
specimens fromLaos and bordering countries such as Cambodia, China, Thailand, and
Vietnam deposited in the museum collections in Vietnam, Germany, and France.
Morphological characters of specimens from Laos were also compared with data from the
literature, such as spesi descriptions, identification keys and reviewg.(éBoulenger 1893;
Bourret 1935 Smith 1943; Taylor 1962; Zielget al 2007; Nguyeret al 2011, Rosleret

al. 2011).A list of examined specimerfisom museums is listeih the Material and Methods,

and Appendix in each publication.

TABLE 1.1.Number of collected and examined specimens.

Family Laos | Bordering countries | Subtotal
Megophryidae, 32 17 49

Bufonidae 5 0 5
AMPHIBIA Microhylidae 15 10 25
Dicroglossidae| 27 5 32

Ranidae 29 7 36
Rhacoplridael 25 23 48
Gekkonidae 50 11 61

Agamidae 25 14 39

REPTILIA Scincidae 25 0 25
Colubridae 24 7 31

Elapidae 1 0 1

Viperidae 21 5 26

Total 279 99 378

14
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2.3.2 Morphological analysis

The morphological examination was carried out in the laboprabf the Departmenof
Terrestrial Ecologyat the University of CologneExternal morphological characters were
inspected by eye or with a stereomicroscope (Stemi 2000; Zeidsjphometric
measurements were taken with a digitalipat to the nearest D mm (except body and tail
lengths of snakes). Terminology of morphological charad@imwved Nguyenet al (2012)

for amphibians and anuran webbing formula followed Glaw & Vences (2007) (except for
forearm length, FAL = from axilla to elbow and hanadth, HAL =from base of outer
palmar tubercle to tip of finger Ill), Phung & Ziegler (2011); Ngugeial. (2011) for lizards,
andVogel et al. (2009);David et al. (2012) for snakes, ventral scale count follovizemvling
(1951). Bilateral scale counts wergiven as left/right. Femoral and precloacal pores of
gekkonids were countedn photographs takewith a digital microscope (Keyence VHX

500F).The following abbreviations were used:
a) Reptile specimens

MeasurementsAG = distance between axilla argtoin; HL = maximum head length
(Gekkonidaefrom tip of snout to posterior margin of auricular openixgeridae: from tip

of snout to posterior part of lower jaw; in Scincidae: from tip of snout to margin of pgrietal
HW = maximum head widtlfat widest pot of temporal region)HH = maximum head
height (measured at the deepest point at temporal regi);= distance from snotip to
anterior corner of eyeg)D = greatest diameter of orbit, TDrsaximum tympanum diameter;
EyeEar = orbit to ear distancdrbm anterior edge of ear opening to posterior corner of)prbit
EarL = ear length (maximum diameter of gdforeal= forearm length (from base of palm to
elbow); FemurL= femur lengtlicrus length(from base of heel to kngelLD4A = length of
finger IV; LD4P = length of toe IV;RW = maxmum rostral width; RH = maximum rostral
height; MW = maximum mental vdth; ML = maximum mental lengtf8VL = snoutvent
length (from tip of snouto anterior margin of cloacafaL = tail length (from posterior
margin of cbaca to tip of tail); TrunkL = Trunk length; TL = Total length (SVL+Tal).

Scalation CS = ciliary spinesN = nasals (nasorostrals, supranasals, postnasals), | =
intersupranasals (scales between supranasals, in contact wirtd);r&PL = supralabials
(number of scales from below the middof eye to the rostral scalelfFL = infralabials
(number of scales from below the middle of eye to the mental sd@le¥ interorbitals

(number of scales in a line between anterior cornémyes);PO = preorbitalsnumber of

15
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scales in a line from nostrib anterior corner of the eye’M = postmentalsGP = gilars
bordering the postmental®TR = dorsal tubercle rows at nhbddy; GSDT = granws
surrounding dorsal tubercleSMC = scales in a line from mental to tilhent of cloacal slit

SR = scale rows at midbody (incladi ventral scales) = ventral scale rows at midbody
LF1 = subdigital lamellae under wholest finger; LF4 = subdigital lamellae under whole
fourth finger; LT1 = subdigital lamellae under whofest toe; LT4 = subdigital lamellae
under wholefourth toe;PP = precloacal pore®AT = postcloacal tuberclefor the snake
specimensDSR = formula of dorsal scale rowsASR (at one head length behind head)
number of dorsal scale rows at neddSR (@t number of VEN/2¥x number of dorsal scales
at midbody PSR (at one head length before the vant) number of dorsal scale rows before
the vent; SL= supralabials (counted on upper lips);dlinfralabials (counted on lower lips);
Lor = loreal scales Loreal scale touching the orbit (yes or no); PreOgreocularscales
PosOc= postocularscales Temp = temporals (counted immediately behind posoculars and
between posterior SL and parietals). Kedkeeled dorsal scale rowBreVEN= preventral
scdes VEN notched (present or absperWEN keeled (present or absent); SGubcaudal
sales numbers of patteimnits (like crossbars or vertebral blotches) are provided as number
on body + numbers on tail

b) Amphibian specimens

Abbreviations were used as lfmhs: SVL = snoutvent length; HL= head length (from the
back of mandible to the tip of snout); H\head widh (across angle of jaws); MNdistance
from the back of mandible to the nostril; MEEdistance from the back of mabte to the
front of eye; MBE = distance from the back of mandible to the back of #y€;= distance
between the front of eyes; IBEdistancebetween the back of eyes; IN = internasal distance;
EN = distance from the émt of eye to the nostril; EL ‘horizontal eye diameter; NS =
distance from nstril to the tip of snout; SL distance from the front @ye to the tip of snout;
TYD = greatest tympanum diameter; TYHdistance from tympanum to the back of eye; IUE

= minimum distage between upper eyelids; UEW maximum width & uppe eyelid.
Forelimb: HAL =hand length (from the base of outer palmar tubercle to the tip of fourth toe);
FLL = forelimb length (from the elbow to thease of outer tubercle); TFL third finger
length (from the base of the first subarticular tubercle éaithof third toe); fdi4 = width of
discs of fingers-1V; fwl-4 = width of fingers HV (measured at the narrowest point of the
distant phalanx Hindlimb: FL =femurlength (from vent to knee); TL tibia length; TW =
tibia width; FOL =foot length (fom the base of inner metatarsal tuberol¢he tip of fourth
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toe); FTL =fourth toe length (from the base of the first subarticular tuberctaadip of
fourth toe); TFOL =distance from the base of tardosthe tip of fourth toe; IMT Fength of

the nner metatarsal tubercle; ITLirner toe length; td# =width of discs of toes-IV; fwl-

4 = width of toes 1IV (measured at the narrowest point of the distant phalafebbing:
MTTF = distance from the distal edge of metatarsal tubercle to the maxinoumvation of

web betwer third and fourth toes; TFTF distance from the maximum incurvation of web
between third and fourth toes the tip of fourth toe; MTFF distance from the distal edge of
metatarsal tubercle to the maximum incurvation of web éetdourth and fifth toes; FFTF =
distance from the maximum incurvation of the web between fourth and fifth to the tip of

fourth toe. Webbing formula according to Glaw & Vences (2007).

2.3.3 Molecular and phylogenetic analyses

For the identification opotentially undescribear cryptic species, a phylogenetic approach
was employed tanvestigate the population genetics gpecies/populationsf uncertain
identity and the closest relative species/populations. This work was conducted in
collaboration with Dr Minh Le, molecular biologist from the Vietnam National University,

Hanoi, Vietnam.

We sequenced a fragment tife following mitochondrial genes: cytochrome c oxidase
subunit (COI) for samples @@yrtodactylusand Trimeresurus cytochromeb for samples b
Lycodon NADH dehydrogenase subunit 2 (ND2) gene for sampleSekkq andthe 16S
ribosomal RNA gene fosamples ofGracixalus and compeable sequence®f potential
undescribed speciewithin sister groups These mitochondrial genes have been applied
swecessfully to resolve phylogenetic relationships at different taxonomic levels of lizards,
shakes, and froge@., Nguyenet al 2008; Rdsleret al 2011; Siler et al 2012). DNA
extraction, amplification, and sequencing followed the standard protocbesetfal (2006).
DNA was extracted using the DNeasy kit followithgma n u f a dnstuwctiens 66 animal
tissuedQIAGEN Inc., Valencia, CA, USA)The primer pair L4437b (Macest al 1997) and
ND2r102 (Greenbaurat al. 2007) and a pair of newly dgsied primers, GF1 and GR1 were
used to amplify a section of tlmitochondrial gene (ND2)f the GekkosamplesThe primer
pair VF1-d and VR1d (lvanovaet al 2006) were used to amplify a fragment of the
mitochondrial geneand cytochrome c¢ oxidase suburiit (COI) of the Cyrtodactylusand
Trimeresurussamples. The primer pair 16Sar + 16%Balumbiet al 1991) were used to

amplify a fragment ofthe 16S geneof the Gracixalus samples.All primer sequences are
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given in the respective publications. TRER cyling followed Leet al (2006). Successful
amplifications were purified to eliminate PCR components usiregGeneJETTM PCR
Purification kit (Fermentas, Canada). Purified PCR products were sent to Macrogen Inc.

(Seoul, South Korea) or FiBase (Malaysiajor sequencing.

After sequences were aligned using Clustal X v2 (Thompsah 1997), data were analyzed
using maximum parsimony (MP) and maximum likelihood (ML) as implemented in
PAUP*4.0b10 (Swofford 2001) and Bayesian analysis (BA), as implement&tiBayes
v3.2 (Ronquiset al 2012). Settings for these analyses followecet.al (2006), except that
the number of generations in the Bayesian analysis was increased fotd rd€blvemore
highly converged trees. The optimal model for nucleotideutham was set to the matrix as
selected by Modeltest v3.7 (Posada & Crandall 1998). The cutoff point for theinburn
function was set in the Bayesian analysis, wieh scores reached stationarity in both runs.
Nodal support was evaluated using Bootstraplication (BP) as calculated in PAUP and
posterior probability (PP) in MrBayes v3.2. Uncorrected pairwise divergences were calculated
in PAUP*4.0b10.

2.3.4 Integrative approach

We used an integrative taxononapproachby incorporating morphological, metular, and
ecologicaldatato resolve the taxonomy of cryptic species compleXéss interdisciplinary
approach is superior to traditional morphological descripti@eyrat 2005; Padiakt al
2010; SchlickSteineret al 2010). Statistical analgs were performedin PAST Statistics
software version 3.7 (Hammeret al.2001) Multivariate Analygs wereutilized to determine
interspecific differences betwearew species and theielatives from Laos and Vietnam.
Twenty two genusGekkg and12 (genu<Cyrtodactylu$ of the 28 morphological characters
were selected for correspondence anal{€i8) and cluster analysis with 1000 bootstrap
replicates Cluster analysis was based the average linkage methdd. addition, ecological
data collected from each spmen in the field wereprovided to support forthe niche
segregation of each specigsenetic differencesbetween undescribed taxa and described
specieswveredetermined by phyloggnusinguncorrected pairwise genetic distamderom all
available lines oevidence, we drew conclusions as tdakitaxa should be described as new

species.

2.3.5ld entification of priority areas for conservation.
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Criteria for a hot spot ditermination include: 1) species richness, 2) number of rare and/or
threatened species, ®)rest area and habitat quality, and 4) human disturbance. In each
criterion, a higher number shows a better score (ranking score from 1H@b)ank areas

were identifiedas priorities for conservation.
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ABSTRACT We report 11 new records of amphibian and reptile species and subspecies on the basis of
newly collected specimens from the UNESCO World Heritage Site Phong Nha - Ke Bang
National Park, Quang Binh Province, Vietnam: Ingerophrynus macrotis, Limnonectes
gyldenstolpei, Babina chapaensis, Theloderma corticale, T. stellatum, Scincella rufocaudata,
Oligodon cinereus pallidocinctus, Parahelicops annamensis, Rhynchophis boulengeri,
Sinomicrurus macclellandii and Protobothrops mucrosquamatus. The record of T. corticale
from Phong Nha - Ke Bang National Park is the southernmost record generally known, that
of T stellatum the northernmost record within Vietnam, and, most remarkably, the finding
of Limnonectes gyldenstolpei represents the first country record for Vietnam. In addition,
we report the second known specimen and the first adult male of Sphenomorphus tetradacty-
lus, a species recently described based on a single female only. At time, 151 species of am-
phibians and reptiles are known from Phong Nha - Ke Bang National Park, including 50
species of amphibians, 12 species of turtles, 31 species of lizards, and 58 species of snakes.
In addition, an updated list of the local herpetofauna is provided, including recent taxonomic
or nomenclatural changes.

KEY WORDS herpetofauna; taxonomy; distribution; limestone habitat; Truong Son Mountain Range.
Received 7.04.2013; accepted 24.05.2013; printed 30.06.2013

INTRODUCTION preliminary list of the karst forest area's herpetodi-
versity, based on own fieldwork, collection-based

Phong Nha - Ke Bang National Park in the research and first Vietnamese reports, comprising
Truong Son Mountain Range in central Vietnam is 96 amphibian and reptile species. Four years later,
known as one of the country’s most famous pro-  the total number of amphibian and reptilian species
tected areas in terms of herpetofaunal diversity. Zie-  known from the area as a result of further field work
gler & Herrmann (2000) published a first, was increased to 128 species (Ziegler et al., 2004).
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In a third updated herpetofaunal list for the area,
Ziegler et al. (2006) reported of 140 amphibian and
reptilian species, demonstrating a still ongoing in-
crease in new species records. Ziegler et al. (2007)
published a comprehensive review of the snake di-
versity of Phong Nha - Ke Bang including nine for-
merly not yet recorded species, thus increasing the
total number of snakes known from Phong Nha -
Ke Bang to 59 species. Hendrix et al. (2008) pro-
vided an updated anuran list comprising 47 taxa
recorded for the Phong Nha - Ke Bang National
Park, in which five species were recorded for the
first time from that karst forest area. Recently, Zie-
gler & Vu (2009) published an updated checklist of
the amphibians and reptiles from Phong Nha - Ke
Bang National Park with a total of 138 species, in-
cluding 45 species of amphibians and 93 species of
reptiles. The total number of recorded amphibians
and reptiles has decreased in this overview, because
several doubtful or unconfirmed records, e.g., men-
tioned in Ziegler et al. (2007) and Hendrix et al.
(2008), were removed from the list provided by Zie-
gler & Vu (2009), viz. Bombina maxima (Boulen-
ger, 1905), Eutropis chapaensis (Bourret, 1937),
Scincella rupicola (Smith, 1916), Sphenomorphus
buenloicus (Darevsky et Nguyen, 1983), and Ma-
layemys subtrijuga (Schlegel et Miiller, 1844). In
the years 2010 and 2011, additional herpetological
field surveys were conducted in Phong Nha - Ke
Bang National Park and extension area which re-
vealed the existence of a number of so far not re-
ported amphibian and reptile species. In addition to
the eleven new herpetofaunal records for Phong
Nha - Ke Bang National Park we provide an up-
dated list of amphibians and reptiles occurring in
this area.

MATERIALS AND METHODS

Field surveys were conducted in the Phong Nha
- Ke Bang National Park area by Thomas Ziegler,
Thanh Ngoc Vu, Kien Ngoc Dang, and Sladjana Mi-
skovic (TZ and others) from June to July 2010, as
well as from 12th July to 2nd August, and from 12th
September to 1st October 2011 by Truong Quang
Nguyen, Cuong The Pham, Dai Van Nguyen, Hang
Thi An, and Kien Ngoc Dang (TQN and others)
(Figs. 1, 2). After taking photographs, specimens
were anaesthetized, fixed in 40-70% ethanol (am-
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Figure 1. Map showing the location of Phong Nha - Ke
Bang National Park, Quang Binh Province, Vietnam.

phibians) or 80-85% ethanol (reptiles) and subse-
quently stored in 70% ethanol. Measurements were
taken with a digital calliper to the nearest 0.1 mm.
ABBREVIATIONS. a.s.l. =above sea level; SVL
(snout-vent length) = from tip of snout to anterior
margin of cloacal; TaL = tail length, from posterior
margin of cloacal to tip of tail; terminology of mor-
phological characters followed Nguyen et al. (2012)
for amphibians and anuran webbing formula followed
Glaw & Vences (2007) (except for forearm length,
FAL = from axilla to elbow and hand length, HAL =
from base of outer palmar tubercle to tip of finger I1I),
Phung & Ziegler (2011) for lizards, and David et al.
(2012) for snakes. Specimens were deposited in the
collections of the Institute of Ecology and Biological
Resources (IEBR), Vietnam Academy of Science and
Technology Hanoi, Vietnam, Phong Nha - Ke Bang
National Park (PNKB), Quang Binh Province, Viet-
nam, and the Zoologisches Forschungsmuseum
Alexander Koenig (ZFMK), Bonn, Germany.

22



Publications

Further new records of amphibians and reptiles from Phong Nha - Ke Bang National Park, Quang Binh Province,Vietham 287

RESULTS
BUFONIDAE

Ingerophrynus macrotis (Boulenger, 1887)
Big-eyed Toad / Coc tai to (Fig. 3)

EXAMINED MATERIAL. One juvenile ZFMK
94263 collected by TZ and others during night time
in June 2010 in the leaf litter of karst forest near
Tam Co Cave, Tan Trach Commune, Bo Trach Dis-
trict and one adult female IEBR A.2013.7 (SVL:
58.7 mm) collected on 15 July 2011 by TQN and
others in Da Lat forest, Thuong Hoa Commune,
Minh Hoa District (17°40.124°N, 105°55.031°E, at
an elevation of 312 m a.s.l.).

MORPHOLOGICAL CHARACTERS. SVL of adult fe-
male 58.7 mm; head wider than long (HW 20.3 mm,
HL 18.7 mm); snout truncate, protruding, longer
than horizontal diameter of eye (SL 6.6 mm, ED 5.9
mm); canthus rostralis rounded, loreal region con-
cave; interorbital distance wider than internarial dis-
tance (10D 4.7 mm, IND 4.1 mm); nostril closer to
the tip of snout than to the eye (SN 1.7 mm; EN 3.6
mm); pupil rounded; tympanum distinct (TD 3.2
mm); parotoid gland 11.1 mm; vomerine teeth ab-
sent; tongue rounded posteriorly. Forelimbs: FAL
15.4 mm, HAL 30.1 mm; fingers free of webbing,
relative length of fingers: II<IV<I<III; tips of fingers
rounded, without discs; dermal fringe along outer
finger absent; palmar tubercles distinct. Hindlimbs:
femur longer than tibia and foot length (FML 26.0
mm, TBL 24.4 mm, FTL 23.2 mm); toes long and
thin, relative length of toes: I<II<V<III<IV; tips of
toes rounded; webbing basal; tarsal fold absent, der-
mal fringe along outer toe absent; subarticular tu-
bercles present; inner metatarsal tubercle present
(IMT 2.4 mm), outer metatarsal tubercle small
(OMT 1.8 mm). Dorsal skin of body covered with
tubercles or warts in different sizes, those on head
smallest, few enlarged tubercles around vent.

Coloration in preservative: dorsal skin greyish
brown with some symmetrical darker markings on
snout and interorbital region; a V-shaped conversely
mark in front of shoulder and dark spots near mid-
dle of back; dorsal tubercles on body, limbs grey to
yellow; tympanum dark grey; upper lip with yellow
and grey flecks. Ventral skin and concealed parts of
limbs dirty greyish-yellow (determination after
Inger et al., 1999).

DISTRIBUTION. In Vietnam, 1. macrotis has been
recorded from Thanh Hoa, Ha Tinh, Thua Thien-
Hue, Da Nang, Quang Nam, Dak Lak, Lam Dong,
and Dong Nai provinces. Our finding represents the
first record for Phong Nha - Ke Bang National Park
and for Quang Binh Province. Elsewhere, this
species is known from northeastern India, Myan-
mar, Laos, Thailand, Cambodia, and Malaysia
(Nguyen et al., 2009; Frost, 2013).

DICROGLOSSIDAE

Limnonectes gyldenstolpei (Andersson, 1916)
Gyldenstolpe’s Frog / Ech gin-den-x-ton-pi (Fig. 4)

EXAMINED MATERIAL. One adult male IEBR
A.2013.8 collected on 14 September 2011 in the
evergreen forest, Hoa Son Commune, Minh Hoa
District (17°42.166°N, 105°47.957’E, at an eleva-
tion of 449 m a.s.l.)

MORPHOLOGICAL CHARACTERS. SVL 69.6 mm;
head longer than wide (HL 35.2 mm, HW 34.4
mm); snout longer than horizontal diameter of eye
(SL 12.7 mm; ED 7.2 mm); canthus rostralis
rounded; nostril directed laterally; loreal region
concave; interorbital distance broader than internar-
ial distance (IOD 8.5 mm, IND 7.3 mm); nostril
closer to the tip of snout than to the eye (EN 7.1
mm; SN 4.7 mm); tympanum rounded, longer than
tympanum-eye distance (TD 7.4 mm, TEY 6.4
mm); vomerine teeth present; tongue notched pos-
teriorly; vocal sac indistinct in males. Forelimbs:
FAL 13 mm, HAL 32 mm; fingers free of webbing,
relative length of fingers: II<IV<I<III; tips of fin-
gers rounded, without discs; dermal fringe along
outer finger absent; palmar tubercles present; nup-
tial pad present in males. Hindlimbs: femur shorter
than tibia and foot length (FML 32.7 mm, TBL 36.7
mm, FTL 34.7 mm); toes long and thin, relative
length of toes: I<II<V<III<IV; tips of toes rounded;
webbing formula: Io(0)-(1)illo(0)-(1)illlo(1/2)-
(1)iIVo(2)-(0) 1V; dermal fringe along outer toe ab-
sent; subarticular tubercles present; inner metatarsal
tubercle present (IMT 4.3 mm), outer metatarsal tu-
bercle indistinct. Dorsal skin of head smooth with
a swollen flap (10.6 mm length and 10.2 mm
width); dorsal surface of forelimbs, thigh and tarsus
smooth; supratympanic fold distinct, from eye to
shoulder; ventral surface smooth.
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Coloration in preservative: head grey with a
cream broad stripe between eyes; dorsum brown;
dark dorsolateral spots; dark bars present on upper
surface of forelimbs, tibia and thigh; venter cream
with dark spots on throat (determination after Tay-
lor, 1962; Ohler & Dubois, 1999).

DisTRIBUTION. The specimen from Phong Nha -
Ke Bang National Park represents the first country
record of Limnonectes gyldenstolpei for Vietnam.
Elsewhere, this species is known from Laos, Cam-
bodia, and Thailand (Frost, 2013).

REMARKS. The male specimen differs from the
juvenile female in the description of Ohler & Du-
bois (1999) by having the tibia longer than femur
(TBL 36.7 mm, FML 32.7 mm versus TBL 11.6
mm, FML 11.7 mm).

RANIDAE

Babina chapaensis (Bourret, 1937)
Chapa Frog / Chang sa pa (Fig. 5)

EXAMINED MATERIAL. Two adult males IEBR
A.2013.9 and ZFMK 94258, one adult female
IEBR A.2013.10 collected on 14 September 2011
and one adult male ZFMK 94259 collected by
TQN and others on 16 September 2011 in the forest
near Cha Lo Village, Hoa Son Commune, Minh
Hoa District (17°42.213°N, 105°47.748’E, at an
elevation of 570 m a.s.l.).

MORPHOLOGICAL CHARACTERS. SVL 43.0-46.0
mm in males (mean + SE 44.2 + 1.6, N = 3), 56.9
mm in the female; head longer than wide (HL 17.3-
20.4 mm, HW 14.9-18.0 mm); snout longer than
horizontal diameter of eye (SL 6.9-7.8 mm; ED 4.7-
5.6 mm); canthus rostralis rounded; nostril directed
laterally; loreal region concave; interorbital distance
narrower than internarial distance (IOD 3.3-4.5
mm, IND 5.1-6.3 mm); nostril closer to the eye than
to the tip of snout (EN 2.9-4.0 mm; SN 3.5-4.2
mm); tympanum rounded, longer than tympanum-
eye distance (TD 3.9-4.2 mm, TEY 0.3-1.4 mm);
vomerine teeth present; tongue notched posteriorly;
vocal sac present in males. Forelimbs: FAL 8.8-10.3
mm, HAL 20.2-23.7 mm,; fingers free of webbing,
relative length of fingers: II<I=IV<III; tips of fin-
gers rounded, without discs; dermal fringe along
outer finger absent; palmar tubercles distinct; nup-

tial pad present in males. Hindlimbs: femur shorter
than tibia and foot length (FML 21.4-25.2 mm, TBL
24.5-29.5 mm, FTL 24.1-29.2 mm); toes long and
thin, relative length of toes: I<II<V<III<IV; tips of toes
rounded; webbing formula: Io(1)-(1)illo(1/2)-
(2)illlo(1)-(2)iIVo(2)-(1/2)iV; dermal fringe along
outer toe absent; subarticular tubercles present;
inner metatarsal tubercle present (IMT 2.2-2.5 mm),
outer metatarsal tubercle indistinct.

Dorsal surface of head and dorsum smooth; dor-
solateral fold distinct; lateral sides smooth; a small
fold present along arm; ventral surface smooth. Col-
oration in preservative: head and dorsum light
brown with a cream vertebral stripe, edged in dark
brown, running from behind the eye to vent; poste-
rior part of dorsum with some dark spots; upper jaw
with a cream stripe, from below the nostril to axilla;
dorsolateral fold yellowish brown, edged in black
laterally; upper surface of tibia and thigh with some
dark bars; venter cream (determination after Bourret,
1942; Chuaynkern et al., 2010).

DISTRIBUTION. In Vietnam, B. chapaensis has been
recorded from Lao Cai, Bac Giang, Ha Tinh, Kon
Tum, Gia Lai, and Dak Lak provinces (Nguyen et al.,
2009). This is the first record of this species from
Phong Nha - Ke Bang National Park as well as from
Quang Binh Province. Elsewhere, this species is
known from Laos and Thailand (Nguyen et al., 2009).

RHACOPHORIDAE

Theloderma corticale (Boulenger, 1903)
Tonkin Bug-eyed Frog / Ech cay san bac bo (Fig. 6)

EXAMINED MATERIAL. Three adult males IEBR
A.2013.11, ZFMK 94262 collected on 21 July 2011
by TQN and others in Da Lat forest, Thuong Hoa
Commune, Minh Hoa District (17°39.032°N,
105°54.774’E, at an elevation of 516 m a.s.l.) and
PN-KB 2011.204 collected by TQN and others on
28 July 2011 in Cha Noi forest, Xuan Trach Com-
mune, Bo Trach District (17°37.758°N,
106°05.893’E, at an elevation of 470 m a.s.L.).

MORPHOLOGICAL CHARACTERS. SVL of males
61.3-69.7 mm; head wider than long (HL 24.1-27.5
mm, HW 26.3-28.6 mm); snout longer than hori-
zontal diameter of eye (SL 9.0-10.0 mm; ED 6.2
mm); canthus rostralis rounded; loreal region con-
cave; interorbital distance wider than internarial dis-
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Figure 2. Karst forest in Thung Hoa Commune, extension area of Phong Nha - Ke Bang National Park. Figure 3. Big-eyed
Toad, Ingerophrynus macrotis. Figure 4. Gyldenstolpe’s Frog, Limnonectes gyldenstolpei. Figure 5. Chapa Frog Babina
chapaensis. Figure 6. Tonkin Bug-eyed Frog, Theloderma corticale. Figure 7. Taylor’s Bug-eyed Frog, Theloderma stel-
latum. Photos: T. Q. Nguyen & T. Ziegler.
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tance (IOD 6.1-6.5 mm, IND 3.7-4.4 mm); nostril
closer to tip of snout than to eye (SN 2.5 mm; EN
7.1-8.3 mm); vocal sac absent; tympanum oval,
greater than tympanum-eye distance (TD 4.0-4.9
mm, TEY 3.3-3.9 mm); vomerine teeth present;
tongue notched posteriorly. Forelimbs: FAL 12.2-
14.8 mm, HAL 33.2-34.7 mm; relative length of fin-
gers: I<II<IV<III; tips of fingers and toes enlarged
into round discs; webbing present at base of fingers
IIT and IV; dermal fringe along outer finger present;
palmar tubercles distinct; nuptial pad present.
Hindlimbs: tibia longer than femur and foot length
(TBL 31.8-34.0 mm, FML 25.5-32.2 mm, FTL
27.8-30.5 mm); relative length of toes:
I<II<II<V<IV; webbing formula: Io(0)-(0)illo(0)-
(0)ilIIo(0)-(1)iIVo(1)-(0)iV; dermal fringe along
outer toe absent; subarticular tubercles present;
inner metatarsal tubercle present (IMT 3.1-4.9
mm); outer metatarsal tubercle absent.

Dorsal surface of body covered with tubercles
or warts of different sizes, those on head and back
biggest; ventral skin with small tubercles. Col-
oration in preservative: dorsal colour olive-green
marbled with red-brown spots; dark brown bars
present on upper surface of fore and hind limbs;
ventral surface greyish yellow (determination after
Inger et al., 1999; Orlov et al., 2006).

DISTRIBUTION. 7. corticale is currently known
only from northern Vietnam: Ha Giang, Tuyen
Quang, Cao Bang, Lang Son, Vinh Phuc, and Son
La provinces (Nguyen et al., 2009; Frost, 2013).
This is a new record for Phong Nha - Ke Bang Na-
tional Park and for Quang Binh Province as well as
the southernmost known record of the species.

Theloderma stellatum Taylor, 1962
Taylor’s Bug-eyed Frog / Ech cay san tay-lo (Fig. 7)

EXAMINED MATERIAL. One adult female ZFMK
94261 collected by TZ and others during night time
on a tree trunk nearby a forest stream and one adult
male IEBR A.2013.12 collected by TQN and others
on 28 July 2011 in Cha Noi forest, Xuan Trach
Commune, Bo Trach District (17°37.649°N,
106°05.806°E, at an elevation of 517 m a.s.1.).

MORPHOLOGICAL CHARACTERS. SVL 32.7-35.0
mm; head as long as wide (HL 13.5-13.9 mm, HW
13.6-14.0 mm); snout longer than horizontal diame-
ter of eye (SL 5.3-5.4 mm; ED 4.5-4.7 mm); can-
thus rostralis rounded; loreal region concave;
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interorbital distance wider than internarial distance
(IOD 3.6-3.9 mm, IND 2.0-2.1 mm)j; nostril closer
to tip of snout than to eye (SN 1.6-1.7 mm; EN 3.2-
4.0 mm); tympanum rounded, greater than tympa-
num-eye distance (TD 2.2-2.9 mm, TEY 1.0 mm);
vomerine teeth present; tongue notched posteriorly.
Forelimbs: FAL 7.9-8.4 mm, HAL 17.5-17.9 mm;
relative length of fingers: I<II<IV<III; tip of fingers
and toes enlarged into large discs; webbing basal;
dermal fringe along outer finger absent; palmar tu-
bercles indistinct; nuptial pad present. Hindlimbs:
tibia longer than femur and foot length (TBL 17.6-
18.3 mm, FML 16.6-16.9 mm, FTL 15.6-16.0 mm);
relative length of toes: I<II<III=V<IV; webbing for-
mula: To(1)-(1)illo(1/2)-(2)illlo(1)-(2)ilVo(2)-(1/2)
1V; dermal fringe along outer toe absent; subarticu-
lar tubercles present; inner metatarsal tubercle
present (IMT 1.3-1.5 mm).

Dorsal skin of head and body, upper surface of
fore-arm, tibia, and tarsus, with tubercles covered
in whitish granular asperities; ventral skin smooth.
Coloration in preservative: dorsal head and body
brownish with cream speckles; black spots present
on snout and black marking present between shoul-
ders; upper surface of thigh, tibia, tarsus, and foot
with transverse dark bars; discs pinkish; chin and
venter dark brown with light flecks (determination
after Taylor, 1962; Inger et al., 1999; Orlov et al.,
2006; Nguyen & Nguyen, 2008).

DISTRIBUTION. In Vietnam, 7. stellatum has been
recorded from Kon Tum, Gia Lai, Dak Lak, Dong
Nai, and Kien Giang provinces (Nguyen et al.,
2009). This is the first record of the species from
Phong Nha - Ke Bang National Park as well as from
Quang Binh Province, which at the same time is
the northernmost country record. Elsewhere, this
species is known from Thailand, southern Laos and
Cambodia (Nguyen et al., 2009).

SCINCIDAE

Scincella rufocaudata (Darevsky et Nguyen, 1983)
Red-tailed ground skink / Than lan phe-no duoi do

(Fig. 8)

EXAMINED MATERIAL. One adult male IEBR
A.2013.13 collected on 21 July 2011 by TQN and
others in Da Lat forest, Thuong Hoa Commune,
Minh Hoa District (17°39.665°N, 105°55.800’E, at
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an elevation of 448 m a.s.1.), 2 adult females IEBR
A.2013.14 collected on 29 July 2011 by TQN and
others in Khe Ma forest, Thuong Hoa Commune,
Minh Hoa District (17°39.410°N, 106°03.592E, at
an elevation of 300 m a.s.1.), and ZFMK 94256 col-
lected on 20 July 2011 by TQN and others in Hoa
Son Commune, Minh Hoa District (17°39.120°N,
105°59.678E, at an elevation of 250 m a.s.l.) and
one juvenile ZFMK 94257 collected on 18 July
2011 by TQN and others in Thuong Hoa Commune,
Minh Hoa District (17°40.057°N, 105°56.049’E, at
an elevation of 513 m a.s.L.).

MORPHOLOGICAL CHARACTERS. SVL 45.5 mm in
the male, 45.9-47.2 mm in females; TaL 51.0 mm
in one female, regenerated or lost in others; snout
obtuse; rostral wider than long, nostril in the nasal;
frontonasal large; prefrontals separated from each
other; frontal longer than frontoparietal; parietals
large, in contact posteriorly; nuchals absent; supraoc-
ulars 4; supraciliaries 8; loreals 2; supralabials 7;
temporals 2 + 2, upper overlapped by lower one; in-
fralabials 6; ear-opening oval; lower eyelid with a
transparent window; midbody scales in 30-34 rows,
smooth; paravertebral scales 67-69; ventral scales
61-66; enlarged precloacals 2; limbs pentadactyl;
subdigital lamellae under fourth toe 15-20.

Coloration in preservative: dorsal head and body
brown with a row of dark vertebral spots, a black
stripe present on upper part of the side; upper sur-
face of tail reddish; venter cream (determination
after Stuart & Emmett, 2006; Nguyen et al., 2011a).

DISTRIBUTION. In Vietnam, S. rufocaudata is
known from Thua Thien - Hue, Quang Nam, Kon
Tum, Gia Lai, Dak Lak, and Ba Ria - Vung Tau prov-
inces (Nguyen et al., 2009). Records of this species
in northern Vietnam (Bac Kan, Thai Nguyen and
Vinh Phuc provinces) were reidentified as S. tonki-
nensis by Nguyen et al. (2011a). Elsewhere, this
species is recorded from Laos and Cambodia
(Nguyen et al., 2009).

REMARKS. The red-tailed ground skink was trans-
ferred from the genus Sphenomorphus to Scincella
by Nguyen et al. (2011a).

Sphenomorphus tetradactylus (Darevsky et
Orlov, 2005)

Four-fingered skink / Than lan phe-no bon ngon
(Fig. 9)

EXAMINED MATERIAL. One adult male IEBR
A.2013.15 collected on 17 July 2011 by TQN and
others in Thuong Hoa Commune, Minh Hoa Dis-
trict (17°40.057°N, 105°56.049’E, at an elevation
of 513 ma.s.l.).

MORPHOLOGICAL CHARACTERS. Size small, SVL
36 mm, TaL 49.9 mm, tail tip lost; rostral wider than
high, in contact with frontonasal; frontonasal broa-
der than long; prefrontals small, separated from
frontal; supraoculars 4/4, first two in contact with
frontal on each side; loreal single; lower eyelid
scaly; external ear openings hidden with slightly re-
cessed auricular depression; supraciliaries 7/7, first
in contact with frontal; supralabials 6/6, third to fifth

Figure 8. Red-tailed Ground Skink Scincella rufocaudata. Figure 9. Four-fingered Skink Sphenomorphus tetradactylus.
Photos: K. N. Dang & T. Q. Nguyen.
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below the eye; infralabials 7/7; nuchals 2/3; mid-
body scale rows 20; paravertebral scales 48; ventral
scales 51; enlarged precloacals 2; limbs very short,
forelimb tetradactyl, first shortest; hind limbs pen-
tadactyl; subdigital lamellae under fourth toe 9/10.
Coloration in preservative: dorsal head and body
brown with longitudinal dark stripes along dorsum;
venter cream with brown spots; legs dark above with
indistinct black marks; free margins of upper and
lower eyelids not edged in white (determination after
Darevsky & Orlov, 2005; Nguyen et al., 2011a).

DISTRIBUTION. S. tetradactylus is currently
known only from Phong Nha - Ke Bang National
Park, Quang Binh Province, Vietnam (Nguyen et
al., 2011a).

REMARKS. S. tetradactylus was originally de-
scribed by Darevsky & Orlov (2005) as a member
of the genus Leptoseps based on the holotype
collected from Phong Nha - Ke Bang National Park.
However, Nguyen et al. (2011a) removed this spe-
cies from the genus Leptoseps to the genus Sphe-
nomorphus. This is the second known specimen and
the first reported adult male of the species.

COLUBRIDAE

Oligodon cinereus pallidocinctus (Bourret, 1934)
Guenther’s Kukri Snake / Ran khiem xam (Fig. 10)

EXAMINED MATERIAL. One male, PNKB S.0154,
collected by K.D. Ngoc in 2009.

MORPHOLOGICAL CHARACTERS. SVL 495 mm;
TaL 90 mm; maxillary teeth 16/16; loreal 1/1;
supralabials 8/8, fourth and fifth entering orbit;
infralabials 8/8; preoculars 2; postoculars 2; temporals
1/2+2; dorsal scale rows 17 : 17 : 15, smooth; cloacal
entire; ventral scales 3 + 167, subcaudals 42, divided.

Coloration in preservative: dorsal head with a
grey chevron; dorsal surface of body yellowish
brown with 38 grey, black-edged bands on body, 6
bands on tail; ventral surface cream with dark spots
(identification after Bourret, 1936; Smith, 1943).

DISTRIBUTION. In Vietnam, this subspecies is
known from Thua Thien - Hue, Ba Ria - Vung Tau,
and Ho Chi Minh City (“Form IV” in Smith, 1943).
This is the first record of O. cinereus pallidocinctus
from Phong Nha - Ke Bang National Park, Quang
Binh Province.

REMARKS. The male specimen differs from the
description of Smith (1943) in having more light
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bands on body (38 versus 27-34) and more bands
on tail (6 versus 3-4).

Parahelicops annamensis Bourret, 1934
Annam Keelback / Ran binh mui trung bo (Fig. 11)

EXAMINED MATERIAL. Two males IEBR
A.2013.16-A.2013.17 collected on 23 July 2011 by
TQN and others in Hoa Son Commune, Minh Hoa
District (17°42.612°N, 105°52.571’E, at an eleva-
tion of 537 m a.s.l.) and one female ZFMK 94255
collected on 16 September 2011 in Hoa Son Com-
mune, Minh Hoa District (17942.208°N,
105°46.970°E, at an elevation of 641 m a.s.l.).

MORPHOLOGICAL CHARACTERS. SVL 358-430
mm in males, 455 mm in the female; TaL 165-177
mm in males, 102 mm in the female; head distinct
from neck; maxillary teeth 21/21; rostral flat,
broader than high; nostril in the nasal; internasals
narrowed anteriorly; prefrontals 2/2, slightly
broader than long; frontal narrowed posteriorly,
about half the length of the parietals; loreal single,
elongated; preoculars 2/2, upper larger; postoculars
2/2; temporals 1 + 1; supralabials 8 or 9; fourth to
sixth (in one male) or fifth and sixth bordering orbit;
infralabials 10, first to fifth in contact with first chin
shield; first pair of chin shield shorter than second
pair, second pair divided by an elongated scale pos-
teriorly; body scales rows 19 : 17 : 17, median rows
strongly keeled posteriorly; dorsal scales on tail
strongly keeled, eight longitudinal keel rows at
base, decreasing to four rows distally; ventrals 167-
169; cloacal divided; subcaudals divided, 95 and
121 in two males, 51 in the female.

Coloration in preservative: dorsal head with ir-
regular brown markings; a yellow stripe present
from posterior margin of eye to neck, continuing
onto body as broken dorsolateral stripe, being less
distinct posteriorly; tail iridescent yellowish-brown;
ventral and subcaudal surface cream, outer margin
of ventrals dark brown (determination after Bourret,
1936; Stuart, 2006; Ziegler et al., 2007).

DISTRIBUTION. In Vietnam, the species is only
known from Da Nang and Kon Tum provinces (see
Stuart, 2006; Nguyen et al., 2009). This is the first
record from Phong Nha - Ke Bang National Park as
well as from Quang Binh Province. Elsewhere, this
species is reported from Laos (Xe Kong) (Nguyen
et al., 2009).

REMARKS. P. annamensis was previously listed
as Amphiesma sp. by Ziegler & Vu (2009).
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Rhynchophis boulengeri Mocquard, 1897
Rhinoceros snake / Ran voi (Fig. 12)

EXAMINED MATERIAL. Two males deposited in
PNKB.

MORPHOLOGICAL CHARACTERS. SVL 940-950
mm; TaL 350-360 mm; presence of a long pointed
nasal appendage covered with small scales; inter-
nasals much smaller than the prefrontals; frontal
narrowed posteriorly; loreal single, longer than
wide; preocular single; postoculars 2; temporals
2+3; supralabials 8 or 10, fourth to fifth or fifth to
seventh in contact with the eye; infralabials 11;
midbody scale rows 19, slightly keeled dorsally;
ventral scales 1 + 211 or 1 + 208; subcaudal scales
122 or 126, divided; cloacal plate divided.

Coloration in preservative: dorsum green, venter
paler; thin black stripe behind eye; interstitial skin
on the sides of the body bluish-black and white;
light stripes on subcaudal fold (determination after
Smith, 1943; Nguyen et al., 2011b).

DISTRIBUTION. In Vietnam, R. boulengeri has
been recorded from the provinces of Son La, Thai
Nguyen, Vinh Phuc, Ha Noi, Quang Ninh, Hai
Phong, and Ha Tinh (Nguyen et al., 2009; Nguyen
etal., 2011b). This is a new record for Phong Nha -
Ke Bang National Park as well as for Quang Binh
Province. Elsewhere, this species is known only
from China (Nguyen et al., 2009).

ELAPIDAE

Sinomicrurus macclellandii (Reinhardt, 1844)
MacClelland’s Coral Snake/ Ran la kho thuong
(Figs. 13-14)

MORPHOLOGICAL CHARACTERS. Morphological
characters based on photographic record: vertebral
scales not larger than adjacent scales; subcaudals
divided; dorsal surface reddish brown with 31 black
cross-bands from behind head to tip of tail; head black
with a wide, white cross-band behind eyes; ventral
surface cream with black bands and black squarish
marks (determination after Ziegler et al., 2007).

DISTRIBUTION. In Vietnam, this species is
known from Lao Cai and Cao Bang provinces in
the North southwards to Lam Dong and Dong Nai
provinces (Nguyen et al., 2009). This is the first
confirmed record for Phong Nha - Ke Bang Na-
tional Park. Elsewhere, this species is reported

from India, Nepal, Myanmar, Thailand, China,
Japan, Taiwan (Nguyen et al., 2009).

REMARKS. S. macclellandii was mentioned as
unconfirmed record for Phong Nha - Ke Bang by
Ziegler et al. (2007) and thus was subsequently
removed from the herpetofaunal list of Phong Nha
-Ke Bang by Ziegler & Vu (2009).

VIPERIDAE

Protobothrops mucrosquamatus (Cantor, 1839)
Chinese Habu / Ran luc cuom (Fig. 15)

EXAMINED MATERIAL. One specimen was found
at night of 27 October 2009 by TZ and others in the
vegetation nearby a forest path in the Cha Noi
region and one male IEBR A.2013.18 (PN-KB
2011.51), collected on 16 July 2011 by TQN and
others in Thuong Hoa Commune, Minh Hoa Dis-
trict (17°40.405°N, 105°56.656’E, at an elevation
of 260 m a.s.l.).

MORPHOLOGICAL CHARACTERS. SVL 950 mm;
TaL 225 mm; head long, narrow; singe loreal pit;
supralabials 10; gular scales smooth; mental bor-
dering infralabial posteriorly; elongated subocular
scales, divided from supralabials; dorsal scales
strongly keeled, midbody scale rows 27; ventral
scales 3 + 216; subcaudals 98; cloacal undivided.

Coloration in preservative: dorsal head brown,
paler below; dorsum greyish brown, with a series
of large brown, dark-edged spots; ventral surface
cream, with light brown, light areas appearing as
squarish spots; dorsal tail light brown, with a series
of conspicuous black spots (determination after
Smith, 1943; Ziegler et al., 2007; Nguyen et al.,
2011b).

DISTRIBUTION. In Vietnam, P. mucrosquamatus
has been recorded from Lao Cai, Ha Giang, Cao
Bang, Bac Kan, Lang Son, Thai Nguyen, Vinh
Phuc, Quang Ninh, Hai Phong, Hai Duong, Ha Noi,
Ninh Binh, Nghe An, Ha Tinh, Quang Tri, Thua
Thien-Hue, Kon Tum, and Gia Lai provinces
(Nguyen et al., 2009). This is the first record of the
species for Phong Nha - Ke Bang National Park and
for Quang Binh Province. Elsewhere, this species
is known from India, Bangladesh, China, Taiwan,
and Myanmar (Nguyen et al., 2009).

REMARKS. The male specimen differs from the
description of Smith (1943) in having more subcau-
dals (98 versus 76-91).

29



Publications

204 VINH QUANG Luu ET ALl

Figure 10. Guenther’s Kukri Snake, Oligodon cinereus pallidocinctus. Figure 11. Annam Keelback, Parahelicops anna-
mensis. Photos: K. N. Dang & T. Q. Nguyen. Figure 12. Rhinoceros Snake, Rhynchophis boulengeri. Figures 13-14. Mac-
Clelland’s Coral Snake, Sinomicrurus macclellandii. Figure 15. Chinese Habu, Protobothrops mucrosquamatus. Photos:
K. N. Dang, T. Q. Nguyen & T. Ziegler.
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Check-list of amphibians and reptiles recorded
Jfrom Phong Nha - Ke Bang

Current check-list of amphibians and reptiles recorded
from Phong Nha - Ke Bang after Ziegler & Vu
(2009), including the herein listed new records (*),
additions (**) according to Ziegler et al. (2010),
Nguyen et al. (2011a), Hoang et al. (2012), and tax-
onomic reassignments (***) according to Blanck et
al. (2006), Stuart & Fritz (2008), Fritz et al. (2008,
2010), Inger & Stuart (2010), McLeod (2010), Yu
et al. (2010), David et al. (2011), Nguyen et al.
(2011b, ), Ohler et al. (2011), Rosler et al. (2011),
Kuraishi et al. (2012), Uetz (2013), Frost (2013),
Siler et al. (2013), and Patrick David (pers. comm.
to replace Amphiesma khasiense in central Vietnam
with A. boulengeri); snake species which have been
previously listed but could not be confirmed as oc-
curring in Phong Nha - Ke Bang by Ziegler et al.
(2007) are excluded from the list: Typhlops diardi
Schlegel, 1839, Calamaria pavimentata Duméril,
Bibron et Duméril, 1854, C. septentrionalis Bou-
lenger, 1890, Dendrelaphis pictus (Gmelin, 1789),
Lycodon septentrionalis (Giinther, 1875), Orthrio-
phis moellendorffi (Boettger, 1886), and Sibynophis
collaris (Gray, 1853).

AMPHIBIA
ANURA
MEGOPHRYIDAE

Brachytarsophrys intermedia (Smith, 1921)

Leptobrachium chapaense (Bourret, 1937)

Leptolalax aereus Rowley, Stuart, Richards, Phim-
machak et Sivongxay, 2010 (**%*)

Ophryophryne hansi Ohler, 2003

Xenophrys major (Boulenger, 1908)

BUFONIDAE

Duttaphrynus melanostictus (Schneider, 1799)
Ingerophrynus galeatus (Giinther, 1864)
Ingerophrynus macrotis (Boulenger, 1887) (*)
HYLIDAE

Hyla simplex Boettger, 1901

MICROHYLIDAE

Kalophrynus interlineatus (Blyth, 1854)

Kaloula pulchra Gray, 1831

Microhyla berdmorei (Blyth, 1856)
Microhyla butleri Boulenger, 1900
Microhyla fissipes Boulenger, 1884
Microhyla heymonsi Vogt, 1911

Microhyla inornata (Boulenger, 1890)
Microhyla marmorata Bain et Nguyen, 2004
Microhyla pulchra (Hallowell, 1861)

DICROGLOSSIDAE

Fejervarya limnocharis (Gravenhorst, 1829)
Hoplobatrachus rugulosus (Wiegmann, 1834) (**%*)
Limnonectes bannaensis Je, Fei et Jiang, 2007 (**%*)
Limnonectes gyldenstolpei (Andersson, 1916) (*)
Limnonectes limborgi (Sclater, 1892) (**%*)
Limnonectes poilani (Bourret, 1942)

Occidozyga lima (Gravenhorst, 1829)

Occidozyga martensii (Peters, 1867)

RANIDAE

Amolops cremnobatus Inger et Kottelat, 1998
Babina chapaensis (Bourret, 1937) (*)

Hylarana attigua (Inger, Orlov et Darevsky, 1999)
Hylarana guentheri (Boulenger, 1882)

Hylarana maosonensis Bourret, 1937

Hylarana nigrovittata (Blyth, 1856)

Odorrana chloronota (Giinther, 1876)

Odorrana tiannanensis (Yang et Li, 1980)

Rana johnsi Smith, 1921

RHACOPHORIDAE

Chiromantis vittatus (Boulenger, 1887)

Gracixalus quyeti (Nguyen, Hendrix, B6hme, Vu,
et Ziegler, 2008)

Kurixalus banaensis (Bourret, 1939)

Kurixalus bisacculus (Taylor, 1962) (**%*)

Polypedates megacephalus Hallowell, 1861(***)

Polypedates mutus (Smith, 1940)

Rhacophorus annamensis Smith, 1924

Rhacophorus dennysi Blanford, 1881

Rhacophorus exechopygus Inger, Orlov et Darev-
sky, 1999

Rhacophorus kio Ohler et Delorme, 2006

Rhacophorus orlovi Ziegler et Kohler, 2001

Rhacophorus rhodopus Liu et Hu, 1960

Theloderma asperum (Boulenger, 1886)

Theloderma corticale (Boulenger, 1903) (*)

Theloderma stellatum Taylor, 1962 (*)

31



Publications

296

REPTILIA
TESTUDINES
PLATYSTERNIDAE

Platysternon megacephalum Gray, 1831
GEOEMYDIDAE

Cuora cyclornata Blanck, McCord et Le, 2006 (¥**)
Cuora galbinifrons Bourret, 1939

Cuora mouhotii (Gray, 1862)

Cyclemys oldhamii Gray, 1863 (***)

Heosemys grandis (Gray, 1860)

Mauremys mutica (Cantor, 1842)

Ocadia sinensis (Gray, 1834)

Sacalia quadriocellata (Siebenrock, 1903)

TESTUDINIDAE
Manouria impressa (Giinther, 1882)
TRIONYCHIDAE

Palea steindachneri (Siebenrock, 1906)
Pelodiscus cf. parviformis Tang, 1997 (**%*)

SQUAMATA: SAURIA
GEKKONIDAE

Cyrtodactylus cryptus Heidrich, Rosler, Vu, Bohme
et Ziegler, 2007

Cyrtodactylus phongnhakebangensis Ziegler, R6-
sler, Herrmann et Vu, 2003

Cyrtodactylus roesleri Ziegler, Nazarov, Orlov,
Nguyen, Vu, Dang, Dinh et Schmitz, 2010 (**)

Gehyra mutilata (Wiegmann, 1834)

Gekko palmatus Boulenger, 1907

Gekko reevesii Gray, 1831 (**%*)

Gekko scientiadventura Rosler, Ziegler, Vu, Herrmann
et Bohme, 2004

Hemidactylus frenatus Dumérilet Bibron, 1836

Ptychozoon lionotum Annandale, 1905 (**)

AGAMIDAE

Acanthosaura lepidogaster (Cuvier, 1829)
Calotes emma Gray, 1845

Calotes versicolor (Daudin, 1802)
Physignathus cocincinus Cuvier, 1829
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ANGUIDAE

Dopasia gracilis Gray, 1845 (¥*)
VARANIDAE

Varanus salvator (Laurenti, 1768)
LACERTIDAE

Takydromus hani Chou, Nguyen et Pauwels, 2001
Takydromus kuehnei van Denburgh, 1909
Takydromus sexlineatus Daudin, 1802

SCINCIDAE

Eutropis longicaudata (Hallowell, 1856)

Eutropis macularia (Blyth, 1853)

Eutropis multifasciata (Kuhl, 1820)

Lygosoma boehmei Ziegler, Schmitz, Heidrich, Vu
et Nguyen, 2007

Lygosoma quadrupes (Linnaeus, 1766)

Plestiodon elegans (Boulenger, 1887)

Plestiodon quadrilineatus Blyth, 1853

Scincella melanosticta (Boulenger, 1887)

Scincella rufocaudata (Darevsky et Nguyen, 1983) (*)

Sphenomorphus indicus (Gray, 1853)

Sphenomorphus tetradactylus (Darevsky et Orlov,
2005) (*¥*%*)

Tropidophorus cocincinensis Duméril et Bibron, 1839

Tropidophorus noggei Ziegler, Vu et Bui, 2005

SQUAMATA: SERPENTES
TYPHLOPIDAE

Ramphotyphlops braminus (Daudin, 1803)
XENOPELTIDAE

Xenopeltis hainanensis Hu et Zhao, 1972
Xenopeltis unicolor Boie, 1827

BOIDAE

Broghammerus reticulatus (Schneider, 1801) (**%*)
Python molurus (Linnaeus, 1758)

XENODERMATIDAE
Fimbrios smithi Ziegler, David, Miralles, Doan et

Nguyen, 2008
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COLUBRIDAE

Ahaetulla prasina (Boie, 1827)

Amphiesma andreae Ziegler et Le, 2006

Amphiesma boulengeri (Gressitt, 1937) (¥**)

Amphiesma leucomystax David, Bain, Nguyen,
Orlov, Vogel, Vu et Ziegler, 2007

Amphiesma stolatum (Linnaeus, 1758)

Boiga bourreti Tillack, Ziegler et Le, 2004

Boiga guangxiensis Wen, 1998

Boiga multomaculata (Boie, 1827)

Calamaria thanhi Ziegler & Le, 2005

Chrysopelea ornata (Shaw, 1802)

Coelognathus radiatus (Boie, 1827)

Cyclophiops major (Giinther, 1858)

Cyclophiops multicinctus (Roux, 1907)

Dendrelaphis ngansonensis (Bourret, 1935)

Dryocalamus davisonii (Blanford, 1878)

Enhydris plumbea (Boie, 1827)

Liopeltis frenatus (Glinther, 1858)

Lycodon fasciatus (Anderson, 1897

Lycodon futsingensis (Pope, 1928)

Lycodon paucifasciatus Rendahl, 1943

Lycodon cf. rufozonatum Cantor, 1842 (**%*)

Lycodon ruhstrati (Fischer, 1886)

Oligodon chinensis (Giinther, 1888)

Oligodon cinereus pallidocinctus (Bourret, 1934) (*)

Oreocryptophis porphyraceus (Cantor, 1839)

Orthriophis taeniurus Cope, 1861

Parahelicops annamensis Bourret, 1934 (¥)

Pareas carinatus Wagler, 1830

Pareas hamptoni (Boulenger, 1905)

Pareas macularius Blyth, 1868

Pareas margaritophorus (Jan, 1866)

Psammodynastes pulverulentus (Boie, 1827)

Pseudoxenodon macrops (Blyth, 1854)

Ptyas korros (Schlegel, 1837)

Ptyas mucosa (Linnaeus, 1758)

Rhabdophis chrysargos (Schlegel, 1837)

Rhabdophis subminiatus (Schlegel, 1837)

Rhadinophis prasinus (Blyth, 1854) (¥*%*)

Rhynchophis boulengeri Mocquard, 1897 (*)

Sinonatrix percarinata (Boulenger, 1899)

Xenochrophis flavipunctatus (Hallowell, 1860)

ELAPIDAE

Bungarus candidus (Linnaeus, 1758)
Bungarus fasciatus (Schneider, 1801)
Naja cf. atra Cantor, 1842

Ophiophagus hannah (Cantor, 1836)
Sinomicrurus macclellandii (Reinhardt, 1844) (*)

VIPERIDAE

Protobothrops cornutus (Smith, 1930)

Protobothrops mucrosquamatus (Cantor, 1839) (*)

Protobothrops sieversorum (Ziegler, Herrmann,
David, Orlov et Pauwels, 2000)

Trimeresurus albolabris (Gray, 1842) (**%*)

Trimeresurus truongsonensis (Orlov, Ryabov, Bui
et Ho, 2004) (**%*)

Trimeresurus vogeli (David, Vidal et Pauwels,
2001) (***)

DISCUSSION

This study brings the confirmed species number
of amphibians and reptiles recorded from Phong
Nha - Ke Bang National Park to 151, including 50
species of amphibians (5 Megophryidae, 3 Bu-
fonidae, 1 Hylidae, 9 Microhylidae, 8 Dicroglossi-
dae, 9 Ranidae, 15 Rhacophoridae), 12 species of
turtles (1 Platysternidae, 8 Geoemydidae, 1 Testu-
dinidae, 2 Trionychidae), 31 species of lizards (9
Gekkonidae, 4 Agamidae, 1 Anguidae, 1 Varanidae,
3 Lacertidae, 13 Scincidae), and 58 species of snakes
(1 Typhlopidae, 2 Xenopeltidae, 2 Boidae, 1 Xeno-
dermatidae, 41 Colubridae, 5 Elapidae, 6 Viperi-
dae), see also fig. 16. An updated list, including
recent taxonomic/nomenclatural changes since the
last review by Ziegler & Vu (2009), is provided.
The research history of the herpetofauna of Phong
Nha - Ke Bang clearly shows that even after more
than a decade of very intensive herpetological sur-
veys, additional species can be recorded or even
discovered as new to science. Since the description
of the first herpetological discovery from Phong
Nha - Ke Bang, Cyrtodactylus phongnhakebangen-
sis by Ziegler et al. (2002), a series of new species
descriptions took place to date, amongst others
eight snake and four gecko taxa, to mention only
the most outstanding examples (see overview in
Ziegler & Vu, 2009). And we are aware of further
new discoveries to be described from the region in
the near future. This does not only underline the
importance of Phong Nha - Ke Bang National Park
in a regional scale and the Truong Son Mountain
Range along the border between Vietnam and Laos
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Figure 16. Species richness of amphibian and reptile families from Phong Nha — Ke Bang National Park (new records are

marked by open rectangles).

in a wider geographical scale as centres of biodi-
versity and endemism, but also shows that longterm
biodiversity research is crucial for covering the
total species richness in tropical environment,
which is prerequisite for appropriate evaluation of
the conservation status and application of adequate
protection measures.
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Abstract

Four species of reptiles, of which one is represented by one of its subspecies, are recorded
for the first time from Laos: Cyrtodactylus phongnhakebangensis, Lycodon futsingensis,
and L. ruhstrati, as L. ruhstrati abditus, from limestone forests in Khammouane Province
and Cyrfodactylus pseudoquadrivirgatus from hill evergreen forest in Salavan Province.
These discoveries of lizards and snakes bring the total species number of reptiles to 189 in
Laos.
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Introduction

The knowledge on the diversity of the reptile fauna of Laos has strikingly increased during
the recent decades. Stuart (1999) provided the first checklist of 109 reptile species from
Laos. Teynié et al. (2004) published an updated checklist of reptiles from southern Laos
with a total of 89 recorgnized species. Four years later, Stuart and Heatwole
(2008) recorded 13 additional species of colubrid and viperid snakes from the country. The
species number of reptiles from Laos was 180 in 2010 (Teynié and David 2010). Since
2010, six new species of reptiles have been described from Laos comprising Cyrtodactylus
wayakonei Nguyen, Kingsada, Rosler, Auer & Ziegler, 2010, C. lomyenensis Ngo &
Pauwels, 2010, C. teyniei David, Nguyen, Schneider & Ziegler, 2011, C. pageli Schneider,
Nguyen, Schmitz, Kingsada, Auer & Ziegler, 2011, Lycodon davidi Vogel, Nguyen,
Kingsada & Ziegler, 2012, and Oligodon nagao David, Nguyen, Nguyen, Jiang, Chen,
Teynié & Ziegler, 2012 (Nguyen et al. 2010, Ngo and Pauwels 2010, David et al. 2011,
Schneider et al. 2011, Vogel et al. 2012, David et al. 2012). In 2012 and 2013, additional
field surveys were conducted in the hill evergreen forest within Xe Sap National Protected
Area, Salavan Province, and limestone forests within Hin Nam No National Protected Area,
Khammouane Province. Examination of voucher specimens from aforementioned sites
revealed the existence of a number of reptile species that have not been known from Laos
so far. We herein report four new records of reptiles from the country, comprising two
species of Gekkonidae, and one species and one subspecies of Colubridae.

Materials and methods

Field surveys were conducted by T. Calame in Xe Sap National Protected Area (NPA),
Salavan Province in May 2012 and by V. Q. Luu in Hin Nam No NPA, Khammouane
Province from April to July 2013 (Figs 1, 2). Specimens were collected by hand or snake
hook between 19:00-23:00. After taking photographs, specimens were anaesthetized, fixed
in 80-85% ethanol and subsequently stored in 70% ethanol. Voucher specimens are
deposited in the collections of the Institute of Ecology and Biological Resources (IEBR),
Hanoi, Vietnam; the National University of Laos (NUOL), Vientiane, Laos; the Vietham
Forestry University (VFU), Hanoi, Vietham; and the Zoologisches Forschungsmuseum
Alexander Koenig (ZFMK), Bonn, Germany.
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Laos

Vientiane

Figure 1.

Map of survey sites in Khammouane and Salavan provinces, Laos.

Figure 2.

Limestone karst forest in Hin Nam No National Protected Area, Khammouane Province and
evergreen forest in Xe Sap National Protected Area, Salavan Province, Laos. Photos: V. Q. Luu
and T. Calame.

a: Forest in Hin Nam No NPA
b: Forest in Xe Sap NPA

Measurements of specimens were taken with a digital caliper to the nearest 0.1 mm.
Abbreviation are as follows: SVL (snout-vent length): from tip of snout to anterior margin of
cloaca; TaL (Tail length): from posterior margin of cloaca to tip of tail; TL (total length): SVL
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+TalL. Terminology of morphological characters follows Résler et al. (2008) for lizards and
Vogel et al. (2009) for snakes. Bilateral scale counts were given as left/right.

Taxon treatments

Cyrtodactylus phongnhakebangensis Ziegler, Rosler, Herrmann & Vu, 2002

Material

a. country: Laos; stateProvince: Khammouane; verbatimLocality: Hin Nam No National
Protected Area; verbatimElevation: 180-580 m; verbatimLatitude: 17°15"-17°40'N;
verbatimLongitude: 105°43'-106°09'E; eventDate: 2013-05-07/2013-06-30;
individualCount: 9; sex: 4 males, 5 females; recordedBy: V. Q. Luu; institutionCode: IEBR,
VFU, NUOL, ZFMK

Description

(Fig. 3)

Figure 3.

Cyrtodactylus phongnhakebangensis (female and male) from Hin Nam No National Protected
Area, Khammouane Province, Laos. Photos: V. Q. Luu.

a: Female
b: Male
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Specimens examined (n = 9): Four adult males and five adult females, all collected by
V. Q. Luu in Hin Nam No NPA, Khammouane Province: IEBR A.2013.89, adult male, 7
May 2013, from Hang Toi region, Noong Ma Commune (17°17.766’N, 106°08.803'E,
elevation 580 m a.s.l); VFU A.2013.1 and NUOL R-2013.2, adult males, 9 June 2013,
from Vang Ma No Commune (17°30.778'N, 105°49.259'E, elevation 180 m a.s.l.); IEBR
A.2013.90, adult male, 11 June 2013, from Ban Dou Commune (17°30.385'N, 105°
49.160’E, elevation 183 m a.s.l.); ZFMK 95235, adult female, 8 May 2013, from Hang
Toi region, Noong Ma Commune (17°17.763’'N, 106°08.778’E, elevation 555 m a.s.l.);
ZFMK 95236, adult female, 30 May 2013, from Noong Choong Region, Cha Lou
Commune (17°20.248’'N, 105°56.693’E, elevation 252 m a.s.l); VFU A.2013.2-
A.2013.3, adult females, 9 June 2013, from Vang Ma No Commune (17°30.778'N, 105°
49.259’E, elevation 180 m a.s.l.); NUOL R-2013.3, adult female, 11 June 2013, from
Ban Dou Commune (17°31.545’'N, 105°49.086’E, elevation 197 m a.s.l.).

Morphological characters: SVL males 83.6-92.5 mm (mean = SD 87.9 £ 4.9 mm),
females 95-100.6 mm (mean £ SD 93.8 + 5.0 mm); tail length (TaL) 101.6 mm in
males, 108.3 mm in females; head depressed (HL/HW 1.6 in males, 1.5 in females),
distinct from neck; snout longer than diameter of ocular (SE/OD 2 in males, 1.9 in
females); snout scales small, homogeneous, granular, larger than those in frontal and
parietal regions; rostral wider than high with a Y-shape in the middle; supranasals in
contact; rostral bordered by first supralabial and nostril on each side; nares oval,
surrounded by supranasal, rostral, first supralabial, and two enlarged postnasals; ear
oval-shaped; mental triangular; postmental two, enlarged, in broad contact posteriorly;
supralabials 9-12; infralabials 8-10; dorsal scales granular to flattened; dorsal tubercles
triangular, conical, present on occiput, back and tail base, each surrounded by 8-9
granular scales, in 14-19 irregular longitudinal rows at midbody; ventral scales smooth,
medial scales 2-3 times larger than dorsal scales, round, in 35-48 longitudinal rows at
midbody; ventrolateral folds present; gular region with homogeneous smooth scales;
precloacal groove absent; enlarged femoral scales present; femoral and precloacal
pores 36-44 in males, pitted scales 0-28 in females; postcloacal tubercles 4-6;
subcaudals enlarged; dorsal surface of fore and hind limbs with small tubercles; fingers
and toes without distinct webbing; lamellae under fourth finger 16-21, under fourth toe
19-22. Coloration in preservative: Ground coloration of dorsal head and back greyish
brown with dark spots; nuchal loop distinct, in U-shape, from posterior corner of eye
through tympanum to the neck, dark brown, edged in white; body bands between limb
insertions four to five, somewhat irregular, dark brown, edged in white; dorsal surface
of fore and hind limbs with dark bars; tail brown dorsally with seven to eight light brown
bands, edged in white; chin, throat, and belly cream; upper and lower lips with dark
brown bars; tail ventrally grey with light dots (determination after Ziegler et al. 2002).
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Distribution

C. phongnhakebangensis has been known from Phong Nha - Ke Bang National Park,
Quang Binh Province, central Vietham (Nguyen et al. 2009). This is the first record of
the species from Laos.

Ecology

Specimens were found between 19:00 and 22:00 on karst walls, ca. 0.5-3 m above the
ground, near cave entrances in limestone forests, at elevations from 180 to 580 m a.s.l.
Notes

The Laotian specimens differ from the original description of Ziegler et al. (2002) by
having somewhat higher femoral and precloacal pore counts in males (36-44 versus
32-42).

Cyrtodactylus pseudoquadrivirgatus Rosler, Nguyen, Vu, Ngo & Ziegler, 2008

Material

a. country: Laos; stateProvince: Salavan; verbatimlLocality: Xe Sap National Protected Area;
verbatimElevation: 960 m; verbatimLatitude: 16°09.400'N; verbatimLongitude: 106°
49.567'E; eventDate: 2012-05-20; individualCount: 2; sex: 2 females; recordedBy: T.
Calame: institutionCode: IEBR, NUOL

Description

(Fig. 4)

Figure 4.

Cyrtodactylus pseudoquadrivirgatus from Xe Sap National Protected Area, Salavan Province,
Laos. Photo: T. Calame.
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Specimens examined (n = 2). Two adult females (IEBR A.2013.91 & NUOL
R-2013.4), collected by T. Calame on 20 May 2012 from Xe Sap NPA, Salavan
Province (16°09.400°N, 106°49.567’E, elevation ca. 960 m a.s.l.).

Morphological characters. SVL 70.7-83.8 mm, tail regenerated (TaL 72.1-72.6 mm);
head depressed (HL/HD 1.6), distinguished from neck; loreal region inflated; snout
longer than diameter of orbit (SE/OD 1.9); snout scales small, homogeneous, granular,
larger than those in frontal and parietal regions; rostral wider than high with a median
suture; supranasals separated from each other posteriorly by a pentagonal internasal,
rostral bordered by first supralabial and nostril on each side; nares oval, surrounded by
supranasal, rostral, first supralabial, and three enlarged postnasals; eyelid fringe with
tiny spines posteriorly; ear oval-shaped, somewhat angular; mental triangular, slightly
wider than rostral; postmentals in one pair, enlarged, in broad contact posteriorly,
bordered by mental anteriorly, first two infralabials laterally, and one pair of distinctly
enlarged gular scales posteriorly, which is separated from each other by two small
gular scales; supralabials 8-10; infralabials 7-10; dorsal scales granular to flattened;
dorsal tubercles triangular, conical, present on occiput, back and tail base, each
surrounded by 10-11 granular scales, in 17-18 irregular longitudinal rows at midbody;
ventral scales smooth, medial scales 2-3 times larger than dorsal scales, round,
subimbricate, in 39-40 longitudinal rows at midbody; ventrolateral folds with
interspersed tubercles; gular region with homogeneous smooth scales; precloacal
groove absent; enlarged femoral scales and femoral pores absent; precloacal pores
7-9; postcloacal tubercles 2-3; subcaudals slightly enlarged; dorsal surface of fore and
hind limbs with tubercles; fingers and toes without distinct webbing; lamellae under
fourth finger 16-19, under fourth toe 17-20. Coloration in preservative: Ground
coloration of dorsal head and back blackish brown; a narrow curved black stripe from
posterior corner of eye, running above tympanum to the neck, interrupted posteriorly;
shoulders, dorsal body blotched, irregular from oval to elongate, dark brown; fore and
hind limbs with dark bars; dorsal tail grey with dark brown bands; chin, throat, chest
and belly brown; ventral tail marked with light and dark bands; upper and lower lips
dark brown (determination after Résler et al. 2008).

Distribution

This species was previously known in Central Vietham from Quang Tri province
southwards to Kon Tum Province (Rdésler et al. 2008). Therefore, our record of C.
pseudoquadrivirgatus from Salavan Province is the first country record for Laos.

Ecology

Specimens were found between 19:40 and 20:10 on a small bush stem ca. 40 cm
above the ground, approximately 3 m away from a rocky stream. The surrounding
habitat was hill evergreen forest at an elevation of 960 m a.s.l. Within the hill evergreen
forest in western Xe Sap NPA the canopy is characterized, in many areas, by the
conspicuous presence of emergents of the restricted range conifer Pinus dalatensis.
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Lycodon futsingensis (Pope, 1928)
Material

a. country: Laos; stateProvince: Khammouane; verbatimLocality: Hin Nam No National
Protected Area; verbatimElevation: 581 m; verbatimLatitude: 17°17.499'N;
verbatimLongitude: 106°10.606’E; eventDate: 2013-05-14; individualCount: 1; sex:
female; recordedBy: V. Q. Luu; institutionCode: VFU

Description

(Fig. 5)

Figure 5.

Lycodon futsingensis from Hin Nam No National Protected Area, Khammouane Province, Laos.
Photos: V. Q. Luu.

a: Dorsal view
b: Ventral view
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Specimen examined (n = 1). VFU A.2013.4, adult female, collected by V. Q. Luu on
14 May 2013 from Noong Ma Commune, Boualapha District, Khammouane Province
(17°17.499'N, 106°10.606’E, elevation 581 m a.s.1.), within Hin Nam No NPA.

Morphological characters. Total length (TL) 760 mm (SVL 603mm, TaL 157 mm);
body subcylindrical; head moderately distinguished from neck, rather flattenned; snout
elongate, projecting anteriorly beyond lower jaw; pupil vertically elliptic; maxillary teeth
12/12; rostral distinctly broader than high, partly visible from above; internasals as wide
as long, not in contact with loreal; prefrontal less than half length of frontal; frontal
hexagonal; parietals longer than wide; nasal paired; loreal 1/1, not in contact with orbit;
supralabials 8/8, third to fifth touching the eye, seventh largest; infralabials 9/9, first to
fifth bordering chin shields; preocular 1/1; postoculars 2/2, bodering anterior temporals;
anterior temporals 2/2, posterior temporals 2/2; dorsal scale rows 17-17-15, smooth;
ventrals 209; subcaudals 79, paired; cloacal undivided. Coloration in preservative:
Dorsal surface greyish-black with 19-21 grey rings on body and 9 cross-bands on tail;
belly cream, anterior part uniform, speckled posteriorly, under tail dark (determination
after Vogel et al. 2009, Vogel and David 2010).

Distribution

Lycodon futsingensis has been reported from southern China and northern Vietnam
(Vogel et al. 2009). This is a new record of the species from Laos and it is
approximately about 20 km far from the nearest record of this species in Phong Nha -
Ke Bang National Park, Quang Binh Province, Vietham.

Ecology

The adult female was collected at ca. 21:30 while moving on the forest floor, near a
slow running stream. The surrounding habitat was karst forest at elevation of 581 m
as.l

Lycodon ruhstrati abditus Vogel, David, Pauwels, Sumontha, Norval, Hendrix,
Vu & Ziegler, 2009

Material

a. country: Laos; stateProvince: Khammouane; verbatimLocality: Hin Nam No National
Protected Area; verbatimElevation: 556 m; verbatimLatitude: 17°17.648'N;
verbatimLongitude: 106°10.053’E; eventDate: 2013-05-14; individualCount: 1; sex: male;
recordedBy: V. Q. Luu; institutionCode: VFU
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Description

Figure 6.

Lycodon ruhstrati abditus from Hin Nam No National Protected Area, Khammouane Province,
Laos. Photos: V. Q. Luu.

a: Dorsal view
b: Ventral view

Specimen examined (n = 1). VFU A.2013.5, adult male, collected by V. Q. Luu on 14
May 2013 from Pa Rang region, Noong Ma Commune, Boualapha District,
Khammouane Province (17°17.648’N, 106°10.053’E, elevation 556 m a.s.l.), within Hin
Nam No NPA.
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Morphological characters. Total length (TL) 665 mm (SVL 520 mm, TaL 145 mm);
body elongate; head moderately distinct from neck, rather flattened; snout projecting
anteriorly beyond lower jaw; pupil vertically oval; tail tapered and thin; maxillary teeth
12/12; snout scale broad; rostral distinctly broader than high, partly visible from above;
internasals large, pentagonal, not in contact with loreal; prefrontal more than half length
of internasal, subrectangular, wider than long, not entering orbit; frontal hexagonal,
narrowed posteriorly; parietals longer than wide; nasal paired; loreal 1/1, small,
pentagonal, not bordering the eye; supralabials 8/8, third to fifth in contact with the eye,
sixth largest; infralabials 10/10, first to fifth bordering chin shields; preocular 1/1;
postoculars 2/2, bordering anterior temporal; anterior temporals 2/2; posterior
temporals 3/3; dorsal scale rows 17-17-15; five middorsal scales keeled, the outer rows
usually smooth; ventrals 224; subcaudals 96, paired; cloacal single. Coloration in
preservative: Dorsal surface greyish or blackish, with white and cream cross-bars, 17
on the body, increasing the size at the bottom of each light cross-bands, best marked
anteriorly, and becoming dim posteriorly; belly cream, progressively but not extensively
speckled with dark grey on the posterior edges of the ventral scales; upper tail as the
posterior body, tail rings cream and extending towards the under part of the tail
(determination after Vogel et al. 2009, Ziegler et al. 2007).

Distribution

Lycodon ruhstrati has been known from Taiwan, China and northern Vietnam: L. r.
ruhstrati is endemic to Taiwan and the range of L. r. abditus is widespread in the
mainland of China and Vietnam (see Vogel et al. 2009). Our finding represents the first
record of the species as well as the subspecies, L. r. abditus, from Laos and it is
approximately about 20 km far from the type locality of the subspecies in Phong Nha -
Ke Bang National Park, Quang Binh Province, Vietnam.

Ecology

The specimen of L. ruhstrati abditus was found at 11:00 while moving through a forest
path. The surrounding habitat was karst forest at the elevation of 556 m a.s.l.

Notes

The specimen from Laos differs from the description of Vogel et al. (2009) in having
fewer cross-bands on the body (17 versus 19-43).

Discussion

The recent discoveries of Cyrfodactylus  phongnhakebangensis and C.
pseudoquadrivirgatus in Laos bring the species number of the genus Cyrfodactylus known
from that country to ten. This is still a low number compared with the Cyrfodactylus
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diversity from neighbouring Vietnam (which currently comprises 29 species, see Ziegler et
al. 2013). In central Vietham’s Phong Nha — Ke Bang National Park two other bent-toed
geckos, C. cryptus Heidrich, Résler, Vu, B6hme & Ziegler, 2007 (Heidrich et al. 2007) and
C. roesleri Ziegler, Nazarov, Orlov, Nguyen, Vu, Dang, Dinh & Schmitz, 2010 (Ziegler et al.
2010), are known to occur sympatrically with C. phongnhakebangensis (Loos et al. 2012).
In Hin Nam No NPA, our observation also supports the finding of Loos et al.
(2012) about niche segregation of Cyrfodactylus species. Both C. roesleri and C.
phongnhakebangensis were found on karst cliffs in the same habitat (Fig. 7). In Laos, C.
roesleri was previously recorded from Phou Hin Boun in Khammouane Province by Teynié
and David (2010). This is the first record of the species from Hin Nam No NPA. The new
records of Lycodon futsingensis, and L. ruhstrati abditus from Khammouane Province
increase the species number of snakes in Laos to 107. However, the diversity of reptiles in
Laos is still poorly studied, particular in Hin Nam No NPA. In the bordering Phong Nha — Ke
Bang National Park in Vietnam, Luu et al. (2013) recently provided a list of 101 reptile
species including 15 new species and one new subspecies that have been described
only from this site since 2000. Therefore, further field research is required to explore the
actual herpetofaunal diversity of the largest karst formation in central Laos.

Figure 7.

Two sympatric species, Cyrfodactylus phongnhakebangensis and C. roesleri, in situ on limestone
walls in Hin Nam No National Protected Area, Khammouane Province, Laos. Photos: V. Q. Luu.

a: Cyrtodactylus phongnhakebangensis
b: Cyrtodactylus roesleri
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First records of Gracixalus supercornutus (Orlov, Ho and
Nguyen, 2004) and Rhacophorus maximus Giinther, 1858
from Laos

Vinh Quang Luu® *°, Thomas Calame?, Truong Quang Nguyen®*, Annemarie Ohler*,
Michael Bonkowski® and Thomas Ziegler® > ¢

Abstract. Two rhacophorid anurans are recorded for the first time from Laos: Gracixalus supercornutus from hill evergreen
forest of Salavan Province and Rhacophorus maximus from limestone forest of Khammouane Province. These discoveries

bring the total species number of amphibians to 103 in Laos.

Keywords. Rhacophoridae, distribution, new records, Khammouane Province, Salavan Province.

Introduction

The knowledge on the species diversity of amphibians
in Laos has remarkably increased during the last decade.
Stuart (1999) reported the first checklist of amphibians
from Laos with a total of 58 recognized species. At
present, the number of amphibian species from Laos has
almost doubled up to 101 species (Frost, 2014). Ranidae
and Rhacophoridae are the two most species-rich
families of amphibians in Laos with 28 and 23 recorded
species, respectively, followed by Megophryidae (19
species). Microhylidae (14 species), Dicroglossidae
(10 species), Bufonidae (4 species). Salamandridae and
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Ichthyophiidae (2 species each) as well as Hylidae (1
species) (Frost, 2014).

In 2012 and 2013, further field surveys were
conducted in the hill evergreen forest within Xe
Sap National Protected Area, Salavan Province, and

Laos

Vientiane

Figure 1. Map showing survey sites (black circles) in
Khammouane and Salavan provinces, Laos.

53



Publications

54



